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ABSTRACT

Objective: To determine the association between
subjective social status (SSS), or the individual’s
perception of his or her position in the social hierarchy,
and the odds of coronary artery disease (CAD),
hypertension, diabetes, obesity and dyslipidaemia.
Study Design: Systematic review and meta-analysis.
Methods: We searched PubMed, MEDLINE, EMBASE,
CINAHL, PsycINFO, SocINDEX, Web of Science and
reference lists of all included studies up to October
2014, with a verification search in July 2015. Inclusion
criteria were original studies in adults that reported
odds, risk or hazard ratios of at least one outcome of
interest (CAD, hypertension, diabetes, obesity or
dyslipidaemia), comparing ‘lower’ versus ‘higher’ SSS
groups, where SSS is measured on a self-anchoring
ladder. ORs were pooled using a random-effects model.
Results: 10 studies were included in the systematic
review; 9 of these were included in the meta-analysis.
In analyses unadijusted for objective socioeconomic
status (SES) measures such as income, education or
occupation, the pooled OR comparing the bottom
versus the top of the SSS ladder was 1.82 (95% ClI
1.10 to 2.99) for CAD, 1.88 (95% CI 1.27 to 2.79) for
hypertension, 1.90 (95% Cl 1.25 to 2.87) for diabetes,
3.68 (95% Cl 2.03 to 6.64) for dyslipidaemia and 1.57
(95% Cl 0.95 to 2.59) for obesity. These associations
were attenuated when adjusting for objective SES
measures, with the only statistically significant
association remaining for dyslipidaemia (OR 2.10,
95% Cl 1.09 to 4.06), though all ORs remained greater
than 1.

Conclusions: Lower SSS is associated with
significantly increased odds of CAD, hypertension,
diabetes and dyslipidaemia, with a trend towards
increased odds of obesity. These trends are consistently
present, though the effects attenuated when adjusting
for SES, suggesting that perception of one’s own status
on a social hierarchy has health effects above and
beyond one’s actual income, occupation and education.

INTRODUCTION
Objective measures of socioeconomic status
(SES) have long been linked with health

Strengths and limitations of this study

= To the best of our knowledge, this is the first
systematic review and meta-analysis examining
the association between subjective social status
and cardiovascular risk.

= By calculating a single-effect measure comparing
the bottom with the top of the subjective social
status ladder for each outcome in each study,
the pooling of results across studies was made
possible.

= Visual inspection of funnel plots and the use of
Begg’'s test, and the trim and fill procedure
demonstrated low risk of publication bias.

m Stratified meta-analysis and meta-regression
revealed that between-study heterogeneity is, at
least in part, explained by ethnicity of study parti-
cipants and study quality.

= Although there were clear strengths in the quality
of included studies, areas of weaker quality
included study samples that were insufficiently
representative of the population and variable
adequacy of adjustment of confounders.

outcomes, with those having lower income,
lower education or working in lower status
occupations experiencing increased mortality
and prevalence of coronary artery disease.'
Class differences in health appear not just at
the extremes when comparing the ‘rich’ with
the ‘poor’, but even among those with rela-
tively high status. For example, British civil
servants at the highest administrator level
had lower risk of angina and cardiac ischae-
mia compared with those at the profes-
sional/executive level in the Whitehall II
cohort study.” The effect of SES on health,
therefore, appears to stem from beyond dis-
parities in resources and opportunities to
include psychosocial contributions arising
from relative and perceived differences in
social position.

Subjective social status (SSS) is an indivi-
dual’s perception of his or her own position

BM)

Tang KL, et al. BMJ Open 2016;6:¢010137. doi:10.1136/bmjopen-2015-010137 1


http://dx.doi.org/10.1136/bmjopen-2015-010137
http://dx.doi.org/10.1136/bmjopen-2015-010137
http://dx.doi.org/10.1136/bmjopen-2015-010137
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2015-010137&domain=pdf&date_stamp=2016-03-18
http://bmjopen.bmj.com

Open Access 8

in the social and socioeconomic hierarchy.” Although
SSS can be measured in different ways, such as indivi-
duals selfidentifying as low, middle, or upper class,* * or
through a single question about how their income com-
pares with others with a Likert scale of reSpOl’lSCS,G_S the
most common and standardised method of measure-
ment of SSS is through the MacArthur Scale of
Subjective Social Status.” This tool asks individuals to
rank themselves on a ladder representing the social hier-
archy, using either the society/country (see online
supplementary appendix 1, panel A) or their commu-
nity (see online supplementary appendix 1, panel B) as
the reference group. Increasing evidence suggests that
low SSS may have adverse effects on health due to
internalisation of perceptions of inferiority resulting in
activation of stress-related neuroendocrine mechan-
isrns,]o_12 and increased tendency to participate in beha-
viours that may negatively influence health.'”” '
Whether this translates clinically to increased risk of cor-
onary artery disease (CAD) remains less clear, with
variable results across studies. There is, therefore, a need
for the synthesis of evidence of the effect of SSS on
cardiovascular health, given uncertain clinical relevance
despite  consistent demonstration of  biological
plausibility.

We conducted a systematic review with the objective of
determining the association between SSS and the odds
of CAD, hypertension, diabetes mellitus, obesity and dys-
lipidaemia in adults. We hypothesised that lower SSS
would be associated with increased odds of each of the
five outcomes.

METHODS

Data sources and searches

A systematic review and meta-analysis were performed and
reported in compliance with the Meta-analysis of
Observational Studies in Epidemiology gujdelines,15 and fol-
lowed a protocol created by study investigators. We searched
the following databases up to October 2014: PubMed
(1966-present), MEDLINE (1950-present), EMBASE
(1980—present), CINAHL (1982-present), SocINDEX
(1895—present), PsycINFO (1803—present), and additionally,
Web of Science (1990—present), to include relevant confer-
ence proceedings and dissertations. Reference lists of
included studies were manually searched. No limits on lan-
guage were placed. Though there was a plan to contact
authors if data were missing or insufficient, this was not
needed, as data were found to be comprehensive.

Two investigators (KLT and RR) undertook the search
strategy with the help of a research librarian. The search
strategy comprised two search themes (see online
supplementary appendix 2). The first theme, ‘percep-
tion’, combined exploded subject headings ‘Social per-
ception’ or ‘Self-Concept’ with the key words
‘subjective® or perceiv¥ or perception® or belief*’. The
second theme, ‘social status’ combined the exploded
subject heading ‘Social Class’ and key words including

‘social status* or social position* or social standing* or
social class* or social rank*®. Finally, the two search
themes were combined using the Boolean operator
‘and’. We limited the search to the adult population
(aged 18 years and over).

Study selection

Two investigators (KLT and RR) independently reviewed
all titles and abstracts identified by the search strategy
for eligibility. All abstracts reporting on the relationship
between SSS and CAD, hypertension, diabetes mellitus,
obesity or dyslipidaemia in adults were selected for full-
text review. Non-English studies (n=4) were translated
with the assistance of interpreters and web-based transla-
tion programmes.

Full-text review was performed independently by the
same investigators to select articles for inclusion in the
systematic review based on the following criteria; studies
must (1) be in adults aged 18years and over; (2)
compare the odds, risk or hazard of at least one of the
outcomes of interest in a lower SSS group compared
with a higher SSS group and (3) measure SSS using a
‘self-anchoring’ ladder scale, where the top and bottom
of the ladder are defined by the study subject.'® We
limited studies only to those with observational designs
(cohort, case-control and cross-sectional), and excluded
reviews, case studies or series, ecological studies, and
qualitative studies. Studies were included into the system-
atic review if they met the above inclusion criteria,
regardless of whether the reference group for the SSS
ladder was the community or the country/society.
However, because these two ladders represent distinct
concepts with the societal SSS ladder being the more
robust and more widely studied measure, meta-analysis
was performed only for those studies where an effect
estimate for the societal SSS ladder was reported. The
inter-rater agreement for inclusion of studies after full-
text review was excellent (x=1.0).

Data extraction and study quality assessment

The primary exposure variable was ‘lower’ SSS com-
pared with ‘higher’ SSS. The outcomes of interest were
ORs of CAD, hypertension, diabetes, dyslipidaemia and
obesity. The outcome of CAD included ischaemic heart
disease, angina, myocardial infarction and cardiac
ischaemia. Studies that reported only quantitative differ-
ences in blood pressure, body mass index or lipid levels
without a diagnosis of hypertension, obesity or dyslipi-
daemia, respectively, were not considered.

One investigator (KLTI) extracted data from all
included studies, with data extraction performed in
duplicate for a random 20% of studies by a second inves-
tigator (RR). Data extracted included exposure and
outcome variables, study design, setting, methods
(including exclusion rates and sample size) and partici-
pant demographics. Both investigators independently
assessed study quality for all studies using the following
dimensions: well-defined and representative sample,
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objective outcome measures, blinding of outcome asses-
sors, adequate follow-up, adequate consideration of
potential confounding variables, and appropriate statis-
tical analysis. Disagreements were resolved by consensus.

Data analysis

All included studies reported ORs with the exception of
one reporting hazard ratios (HRs).17 Conversion from
HR to OR was performed using the formula'®; OR=(RR
(1-Py))/ (1-RRxPy), where HR was approximated to be
the relative risk (RR), and P, was the prevalence of the
outcome in the reference group. Outcome categories
(CAD, hypertension, diabetes, obesity and dyslipidae-
mia) were not pooled in the systematic review, as they
were not pooled in the individual studies.

Because a majority of studies presented stratified ORs
without an overall summary rneasure,17 19224 and
because studies used different comparison groups (with
some reporting ORs between the bottom vs the top of
the SSS ladder,]9 22 others reporting ORs per 1,20 25 26
1.6%7 or 223 24 rung increases in SSS, and still others, per
quartile change in $SS'7 2y we calculated a single
weighted-effect estimate comparing the bottom (lowest
rung) with the top (highest rung) of the SSS ladder to
facilitate comparisons across studies. This was achieved
through the following steps: (1) if both community and
societal ladders were used to measure SSS, only ORs for
societal ladders were considered; (2) if multiple effect
estimates for a single outcome were reported in a single
study, the OR using the broadest level of comparison
was used; (3) reciprocals of all ORs that used lower SSS
as the reference group were taken, so that higher SSS
became the reference group; (4) all ORs were converted
to logs (ORs); (5) each stratified log (OR) was multi-
plied by the proportion of the sample in that stratum,
then summed across strata, resulting in one weighted log
(OR) per outcome per study; (6) weighted logs (ORs)
were calculated comparing the bottom rung with the
top rung of the SSS ladder, then converted back to ORs.
Linearity in the relationship between logs (ORs) of out-
comes and SSS was assumed.

Meta-analysis was performed separately for each of the
outcomes using Stata V.13 (StataCorp, Texas, USA).
Separate meta-analyses were performed for effect mea-
sures that were unadjusted and adjusted for objective
SES measures (income, education and occupation).
Both SES-unadjusted and SES-adjusted ORs still adjusted
for non-SES measures such as age, marital status and
physical activity. Of note, one study reporting only
SES-adjusted  effect measures was included in
SES-unadjusted and SES-adjusted meta-analyses.”
DerSimonian and Laird random effects models were
used to pool ORs across studies, and forest plots were
generated. Heterogeneity of effect estimates was assessed
using Cochran’s Q test and the I” statistic. We performed
stratified analyses and meta-regression on the prese-
lected variables of ethnicity, sex and dimensions of study
quality including outcome measure objectivity,

adjustment for confounding and selection bias. This was
performed for the SES-unadjusted outcome measures of
hypertension, diabetes and obesity only, due to insuffi-
cient numbers of studies reporting CAD and dyslipidae-
mia outcomes.

Publication bias was assessed using Begg’s test, and by
visually examining funnel plots for each outcome. For
any outcomes where funnel plot asymmetry suggested
publication bias, sensitivity analysis was performed
through the trim and fill procedure.*®

RESULTS

Identification of studies

The initial search strategy identified 7842 citations, of
which 45 were included in full-text review (figure 1). Of
these, 35 were excluded (17 did not include an outcome
of interest, 9 measured social status but not using a self-
anchoring ladder, 3 had no measure of SSS, 3 had no
comparator, 2 consisted of an adolescent-only popula-
tion and 1 was not an original study). In total, 10 studies
were included in the systematic review.'” '-*” Of these,
9 studies were included in the meta-analysis, excluding
the single dissertation® that evaluated SSS on a commu-
nity ladder only. A manual review of reference lists iden-
tified no additional studies. A verification search
performed in July 2015 using the related articles func-
tion in PubMed for all included studies did not reveal
any additional studies for inclusion into the systematic
review.

Study characteristics

Of the 10 studies, one study reported on two separate
cohorts (Whitehall II and ‘Coronary Artery Risk
Development in Young Adults’ (CARDIA))," two studies
reported outcomes on the same Whitehall II cohort,19 22
and another two studies reported outcomes on the same
‘English Longitudinal Study of Ageing’ (ELSA) cohort
of participants (table 1).17%

Although nine were cross-sectional studies with only
one being a cohort study,17 four of these'? ** ** * drew
data from longitudinal cohorts but used only one phase
of data collection for analysis. Five cohorts were from
the USA, four from the UK and two from Asia.

The sample size for the individual study cohorts
ranged from 981 to 8152. Nine of 10 studies used a
10-rung ladder to measure SSS, with one study using a
nine-rung ladder.'” Six studies used the societal ladder
only to measure SSS,17 192227 5he study used the com-
munity ladder only®® and three used both.* ** 2

The method of measurement of each of the five out-
comes varied across studies (table 2). The two studies
reporting CAD outcomes used selfreported mea-
sures.”” ** Studies reporting on dyslipidaemia and
obesity tended to use more objective measurements
(such as measurement of weight, height, waist circumfer-
ence and use of laboratory tests); studies reporting on
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Figure 1 Flow diagram of the

study selection process.

Records identified through
database searching
(n= 7842)

Duplicates removed

A 4

(n=1552)

screened
(n=6290)

Titles and Abstracts

Records excluded due to study
population, exposure, or outcomes

v

not being relevant
(n =6245)

(n =45)

Full-text articles assessed
for eligibility

Articles excluded after full test review
(n=35):

y

1 e 1 not original research
. 2 adolescent only population
. 3 no comparator

(n=10)

Studies included in
qualitative synthesis

. 3 no measures of subjective social
status

. 9 subjective social status or social
class is not measured using a self-

A

anchoring ladder
o 1 Occupational grade
o 2 Occupational grade of
head of household
o 2 Relative income using
Likert scale response

(n=9)

Studies included in
guantitative synthesis

o 2 Selfidentified social class
(low, middle, high)
o 2 Tool used undefined
. 17 no outcomes of interest

hypertension and diabetes used a combination of self-
report and objective measures.

Synthesis of results

SES-unadjusted analysis showed an inverse association
between SSS and all outcomes of interest, though not all
were statistically significant. Pooled ORs comparing the
bottom with the top of the SSS ladder (figure 2) were
significantly >1 for CAD (1.82, 95% CI 1.10 to 2.99),
hypertension (1.88, 95% CI 1.27 to 2.79), diabetes (1.90,
95% CI 1.25 to 2.87) and dyslipidaemia (3.68, 95% CI

2.03 to 6.64), but did not reach statistical significance
for obesity (1.57, 95% CI 0.95 to 2.59). The correspond-
ing ORs per rung decrease in SSS for CAD, hyperten-
sion, diabetes, dyslipidaemia and obesity were 1.06 (95%
CI 1.01 to 1.12), 1.07 (95% CI 1.02 to 1.11), 1.07 (95%
CI 1.02 to 1.11), 1.14 (95% CI 1.07 to 1.21) and 1.05
(95% CI 0.99 to 1.10), respectively.

When analyses were adjusted for objective SES mea-
sures, there was attenuation of the association between
SSS and outcomes. Pooled SES-adjusted ORs comparing
the bottom versus top of the SSS ladder (figure 3) were

4
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Table 1 Study characteristics
Outcomes measured
SSS reference
Sample group
Cohort size at Age (years) Female (community, SSS mean
Study Country designation Study design analysis mean (SD) (%) societal, both) (SD) CAD HTN DM Obesity Lipids
Adler et al'® England  Whitehall I Cross-sectional 6981 NR (range 34.0 Societal NR Y N N N N
47-67)
USA CARDIA Cross-sectional 3632 NR (range 55.8 Societal NR Y N N N N
33-48)
Cross®® USA HANDLS Cross-sectional 1824 48.2 (9.1) 44.0 Community 6.8 (2.0) N Y N N N
Derr;z%kakos England ELSA Cross-sectional 7433 Median 65 to 53.4 Societal 5.9 (2.2) N Y Y Y Y
eta 66*
Dem1akakos England ELSA Cohort 7432 62.8 to 66.11 55.2 Societal NR N N Y N N
etal'”
Frerichs et af' China, NA Cross-sectional 8152 39.5 to 44.9 52.3 Societal 3.9-5.3t N N N Y N
Japan, (11.51t0 13.9)f (1.5-1.7)
South
Korea,
Taiwan
Manuck et af” USA NA Cross-sectional 981 45.2 (6.6) 52.0 Societal 6.2 (1.6) N Y Y Y Y
Reitzel etaP®  USA NA Cross-sectional 1467 45.2 (12.9) 74.6 Both 66(1.7§ N N N Y N
Singh-Manoux England  Whitehall I  Cross-sectional 6981 NR (range 34.0 Societal NR Y N Y N N
et af? 47-67)
Subramanyam USA Jackson Cross-sectional 3939 53.8 t0 54.8 63.2 Both 6.2-6.3§ N N Y N N
et af® Heart Study (12.5 to 12.7) (2.1-2.2)
Woo et af* China NA Cross-sectional 4000 NR 47.8 Both 405781 Y Y Y Y Y
(proportions: (1.5-2.0)
age 65-69:
33.9%; 70-74:
34.9% 75+:
31.2%)

*Stratified by sex.

1Stratified by sex and wealth tertile.

}Stratified by sex and country.

§Reported for societal ladder only.
9|Stratified by sex, age, education and income.

‘Lipids’, dyslipidaemia; CARDIA, Coronary Artery Risk Development in Young Adults Study; CAD, coronary artery disease; DM, diabetes mellitus; ELSA, English Longitudinal Study of Ageing;
HANDLS, Healthy Aging in Neighborhoods of Diversity across the Life Span; HTN, hypertension; N, no (outcome not measured); NA, not applicable; NR, not reported; SSS, subjective social

status; Y, yes (outcome measured).
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Table 2 Methods of measurement of outcomes

Study

Coronary artery

disease Hypertension

Diabetes

Obesity

Dyslipidaemia

Adler et al"®

Cross®®

Demakakos
et af°
Demakakos
etal'”

Frerichs et af'

Manuck et af”

Reitzel et af®

Singh-Manoux
et af?

Staff-measured BP readings
>135/85 or self-reported current
use of antihypertensive
medications

Self-reported doctor diagnosis
of hypertension

Self-reported doctor diagnosis
of hypertension or
staff-measured mean

BP >140/90

Staff-measured BP readings
>130/85 (mean of 2
consecutive readings) or
self-reported use of
antihypertensive medications

Self-reported Rose
angina questionnaire

Self-reported doctor diagnosis of
diabetes
Self-reported doctor diagnosis of

diabetes or HbA1c laboratory test

> 6%

Self-reported use of oral
hypoglycaemic medications or
fasting serum glucose laboratory
test >100 mg/dL

Self-reported doctor diagnosis of
diabetes

Staff-measured waist
circumference >94 cm for
men and >80 cm for women

Self-reported weight and
height to calculate BMI.
outcome is overweight or
obese, BMI >25 kg/m?
Staff-measured waist
circumference >102 cm for
men and >88 cm for women

Staff-measured height and
weight to calculate BMI.
outcome is obesity, BMI
>30 kg/m?

Subramanyam Self-reported history of diabetes, or
etaf® fasting serum glucose laboratory
test >126 mg/dL and self-reported
use of antidiabetic medications
within 2 weeks prior to clinic visit
Woo et aP* Self-reported doctor Staff-measured BP Self-reported doctor diagnosis of Staff-measured height and
diagnosis of measurements >140/90 diabetes weight to calculate BMI.
myocardial infarction outcome is overweight or
or angina obesity, BMI >25 kg/m?

$$9929y uadp

Laboratory tests, with two

outcomes reported:

» HDL <1 mmol/L (men);
<1.3 mmol/L (women);

» Triglycerides >1.7 mmol/L

Two outcomes reported:

» HDL: fasting HDL laboratory
test <40 mg/dL men or
<50 mg/dL women or
self-reported use of medication
for low HDL

» Triglycerides: fasting TG
laboratory test >150 mg/dL or
self-reported use of medication
for high TG

Blank cells=studies did not evaluate or report this outcome.

BMI, body mass index; BP, blood pressure; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein; TG, triglycerides.
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Study %
ID ES (95% Cl) Weight
Coronary Artery Disease
Singh-Manoux 2013 —_— 2,02 (1.09,3.72) 66.01
Woo 2008 —o— 1.48 (0.63,3.46) 33.99
Subtotal (I-squared = 0.0%, p = 0.565) - 1.82(1.10,2.99)  100.00
Hypertension
Adler (Whitehall Il cohort) 2008 —— 1.41(1.08,1.81) 29.08
Adler (CARDIA cohort) 2008 —_— 3.11(1.39,6.98) 13.97
Demakakos 2008 —_— 2,03 (1.26,3.15) 22.99
Manuck 2010 -+ 473 (1.93,12.22) 11.84
Woo 2008 —_— 1.13(0.69,1.83) 22.11
Subtotal (I-squared = 66.3%, p = 0.018) L 1.88 (1.27,2.79)  100.00
Diabetes
Demakakos 2012 —_—————— 2.33(1.23,4.54) 19.68
Demakakos 2008 —_— 4.18 (1.90,9.20) 16.09
Manuck 2010 © 0.66 (0.16,2.57) 7.26
Singh-Manoux 2013 _— 244 (1.14,5.21) 16.78
Subramanyam 2013 —_— 1.43(0.77,2.58) 21.29
Woo 2008 —_— 1.30 (0.65, 2.55) 18.90
Subtotal (I-squared = 44.3%, p = 0.110) < 1.90 (1.25,2.87)  100.00
Dyslipidemia
Demakakos 2008 —_— 4.40 (2.11,9.56)  61.40
Manuck 2010 —— 2.76 (1.06,7.15)  38.60
Subtotal (I-squared = 0.0%, p = 0.452) <> 3.68 (2.03,6.64) 100.00
Obesity
Demakakos 2008 —_— 2,04 (1.16,3.38) 21.93
Frerichs 2014 —_— 1.23(0.70,2.23) 20.97
Manuck 2010 - 5.12(2.07,12.22) 15.26
Reitzel 2013 —_————— 1.11 (0.56,2.07) 19.52
Woo 2008 —_— 0.93 (0.55, 1.55)  22.32
Subtotal (I-squared = 69.8%, p = 0.010) _ 1.57 (0.95,2.59) 100.00
NOTE: Weights are from random effects analysis

T I

.0818

1

12.2

Figure 2 Forest plot of ORs of coronary artery disease, hypertension, diabetes, dyslipidaemia and obesity comparing the
bottom with the top of the subjective social status ladder, unadjusted for socioeconomic status.

statistically significant only for dyslipidaemia (2.10, 95%
CI 1.09 to 4.06), with a non-statistically significant trend
seen for the other outcomes (1.12 (95% CI 0.58 to 2.16)
for CAD, 1.32 (95% CI 0.89 to 1.96) for hypertension,
1.34 (95% CI 0.95 to 1.90) for diabetes and 1.26 (95%
CI 093 to 1.71) for obesity). The corresponding
SES-adjusted ORs per rung decrease in SSS were 1.08
(95% CI 1.01 to 1.15) for dyslipidaemia, 1.01 (95% CI
0.95 to 1.08) for CAD, 1.03 (95% CI 0.99 to 1.07) for
hypertension, 1.03 (95% CI 0.99 to 1.07) for diabetes
and 1.02 (95% CI 0.99 to 1.06) for obesity.

Inspection of SES-unadjusted forest plots revealed
little visual heterogeneity, with all point estimates being
>1 for all outcomes, with the exception of one study in
diabetes?” and one study in obesity.?* The I? statistics
varied from 0.0% for CAD and dyslipidaemia to 69.8%
for obesity. The outcomes of hypertension and obesity
demonstrated  statistically significant  heterogeneity
(Cochran Q test p=0.018 and 0.010, respectively), likely
driven by the large number of study participants, and

thus, statistical power for the test of heterogeneity in
these studies.

Stratified analysis and meta-regression

To explore study heterogeneity, stratified analysis and
meta-regression were performed on five variables: ethni-
city, sex and three quality measures (table 3).

Analysis stratified by ethnicity revealed increased effect
sizes for hypertension (figure 4 A), diabetes (figure 4 B)
and obesity (figure 4 C) for studies with a predomin-
antly Caucasian sample, compared to studies with a pre-
dominantly non-Caucasian sample (ORs comparing
bottom with top of SSS ladder: 2.61 (95% CI 1.42 to
4.79), 2.35 (95% CI 1.35, 4.10) and 3.01 (95% CI 1.24
to 7.34) for hypertension, diabetes and obesity, respect-
ively, for studies with a predominantly Caucasian sample
with 1.24 (95% CI 0.84 to 1.83), 1.37 (95% CI 0.87 to
2.15) and 1.06 (95% CI 0.76 to 1.48), respectively, for
studies with a predominantly non-Caucasian sample).
For two of the three quality measures (adequacy of
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Study %
ID ES (95% ClI) Weight
Coronary Artery Disease I
Singh-Manoux 2013 —_—— 0.95(0.42,2.14) 64.57
Woo 2008 + 1.51 (0.51,4.65) 35.43
Subtotal (I-squared = 0.0%, p = 0.509) 1.12(0.58,2.16) 100.00
Hypertension
Adler (Whitehall Il cohort) 2008 —_— 1.05(0.73,1.50) 32.19
Adler (CARDIA cohort) 2008 o e om—— 2.07 (0.84,5.24) 13.06
Demakakos 2008 —_—— 1.27 (0.73,2.26) 23.13
Manuck 2010 +- 4.03 (1.38, 12.22) 10.02
Woo 2008 —_—— 0.88 (0.48, 1.60) 21.59
Subtotal (I-squared = 48.0%, p = 0.104) <<> 1.32(0.89,1.96) 100.00
Diabetes
Demakakos 2012 —_— 1.46 (0.72,2.96) 22.83
Demakakos 2008 -— 2.04 (0.90,5.02) 15.65
Manuck 2010 € +- 0.27 (0.06, 1.47) 4.41
Singh-Manoux 2013 - 1.29 (0.46, 3.64) 10.97
Subramanyam 2013 —— 1.13 (0.60,2.07) 29.71
Woo 2008 —_——— 1.70 (0.74,3.96) 16.44
Subtotal (I-squared = 3.2%, p = 0.396) '<> 1.34 (0.95,1.90)  100.00
Dyslipidemia
Demakakos 2008 r—— 2.22(0.97,5.14) 62.06
Manuck 2010 g 1.93 (0.66, 5.56)  37.94
Subtotal (I-squared = 0.0%, p = 0.842) _ 2.10 (1.09, 4.06)  100.00
Obesity
Demakakos 2008 —_— 1.25(0.66, 2.24) 24.58
Frerichs 2014 —_— 1.23 (0.63,2.34) 21.42
Manuck 2010 - 2.76 (1.00,7.79) 8.73
Reitzel 2013 —— 1.11 (0.56,2.07) 21.49
Woo 2008 —_—— 1.11 (0.60, 2.07) 23.79
Subtotal (I-squared = 0.0%, p = 0.633) <> 1.26 (0.93, 1.71)  100.00
NOTE: Weights are from random effects analysis

| |

.0551

1

18.1

Figure 3 Forest plot of ORs of coronary artery disease, hypertension, diabetes, dyslipidaemia and obesity comparing the
bottom with the top of the subjective social status ladder, adjusted for socioeconomic status.

adjustment of non-SES confounders and level of selec-
tion bias), better quality studies reported greater effect
sizes compared with lower quality studies for all three
outcomes. No differences in effect sizes were seen
between studies using objective versus subjective
outcome measures. Ethnicity and study quality seemed,
at least in part, to explain between-study heterogeneity.
Meta-regression performed for each of the above five
variables did not result in any statistically significant
p values, likely due to being underpowered from limited
numbers of studies. p Values approached significance
for ethnicity and adequacy of adjustment of confounders
(p=0.065 for both variables, for the outcome of obesity).

Publication bias

Begg’s test for funnel plot asymmetry was not statistically
significant for any of the five outcomes. Visual inspec-
tion of funnel plots did reveal visual asymmetry for
hypertension only, so a sensitivity analysis using the trim
and fill method was performed. The OR of hypertension

comparing the bottom with top of the SSS ladder after
imputation of hypothetical ‘missing’ studies decreased
slightly to 1.47 (95% CI 0.96 to 2.24), compared with an
OR of 1.88 (95% CI 1.27 to 2.79) without imputation.
Therefore, publication bias may have resulted in slightly
overestimated effect sizes for hypertension alone though
the same trends remain.

Study quality
Assessment of study quality can be found in table 4.

One area of deficiency was in study samples being
insufficiently representative of the target population due
to the use of convenience samples,* *° lack of descrip-
tion of recruitment strategies,”’ *° lack of reporting of
response rates,17 25-27 high or unreported exclusion
rates”™*° and lack of reporting of participant demo-
graphics.'"” ** In addition, nearly three-quarters of
included studies only performed limited adjustment of
non-SES confounders, such as for age alone, or age and
marital status, without consideration of comorbidities or

Tang KL, et al. BMJ Open 2016;6:¢010137. doi:10.1136/bmjopen-2015-010137
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Table 3 Stratified analyses of pooled ORs (95% Cl) of hypertension, diabetes and obesity comparing the bottom versus the top of the subjective social status ladder (number of
pooled studies in parenthesis after effect estimate)

Hypertension

Diabetes

Obesity

OR (95% Cl)

Meta-

Heterogeneity regression

p value p value

OR (95% Cl)

Heterogeneity
p value

Meta-
regression
p value

OR (95% Cl)

Heterogeneity
p value

Meta-
regression
p value

Ethnicity
Predominantly
(>75% of sample)
Caucasian
Not predominantly
(<75% of sample)
Caucasian

Sex
Male
Female

Outcome measure*®
Objective
Subjective

Adjustment of non-SES confounders
2.81 (1.25 t0 6.28) (2) 0.108

Adequate
(adjustment for
more than age
alone)
Inadequate (no
adjustment or for
age alone)
Selection biast
Lower selection
bias (not
convenience
sample and <20%
exclusion rate)
Higher selection
bias (convenience
sample or >20%
exclusion rate)

2.61 (1.42 to 4.79) (4) 0.002

0.238

1.24 (0.84 to 1.83) (2) 0.535

1.57 (1.03 t0 2.38) (4) 0.011

0.635

1.77 (1.27 t0 2.49) (4) 0.133

0.322

1.51 (1.00 to 2.28) (3) 0.107

2.35 (1.35 to 4.10) (4)

1.37 (0.87 to0 2.15) (2)

1.99 (1.40 to 2.84) (5)
2.14 (1.34 to 3.42) (5)

1.75 (0.69 to 4.47) (3)
1.93 (1.29 to 2.88) (3)

2.35 (1.35 to 4.10) (4)

1.37 (0.87 t0 2.15) (2)

2.21 (0.93 to 5.29) (3)

1.62 (1.12 to 2.35) (3)

0.153

0.838

0.246
0.069

0.369
0.031

0.153

0.838

0.074

0.412

0.175

0.819

0.910

0.175

0.403

3.01 (1.24 to 7.34) (2)

1.06 (0.76 to 1.48) (3)

1.02 (0.76 to 1.37) (3)
1.66 (0.88 to 3.13) (3)

3.01 (1.24 to 7.34) (2)

1.06 (0.76 to 1.48) (3)

2.18 (1.08 to 4.41) (3)

0.99 (0.66 to 1.49) (2)

0.082

0.772

0.405
0.026

0.082

0.772

0.030

0.676

0.065

0.245

0.065

0.221

*Stratified analysis not performed for hypertension (5 of 6 studies had objective outcomes), or obesity (4 of 5 studies had objective outcomes).
tStratified analysis not performed for hypertension (5 of 6 studies had lower selection bias).
SES, socioeconomic status.
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Panel A: Hypertension

Figure 4 Forest plots of OR of

hypertension (A), diabetes (B) Study %

and obesity (C) comparing the D ES (95% Cl) Weight

bottom with the top of the

subjective social status ladder, Predominantly Caucasian

stratified by ethnicity. Adier (Whitehall i cohort) 2008 —— 1.41(1.08,181) 3260
Adler (CARDIA cohort) 2008 ——+—— 6.03 (2.39, 15.22) 19.20
Demakakos 2008 —_— 2.03 (1.26, 3.15) 28.94
Manuck 2010 —_— 473 (1.93,12.22) 19.25

Subtotal (I-squared = 79.3%, p = 0.002) <> 2.61 (1.42,4.79) 100.00

Not Predominantly Caucasian

Adler (CARDIA cohort) 2008 —_— 1.47 (0.76, 2.90) 34.42
Woo 2008 —_—— 1.13(0.69,1.83)  65.58
Subtotal (I-squared = 0.0%, p = 0.535) <:> 1.24 (0.83, 1.83) 100.00

NOTE: Weights are from random effects analysis

T
0657 1 152

Panel B: Diabetes

Study %

D ES (95% Cl) Weight
Predominantly Caucasian

Demakakos 2012 —_— 2.33 (1.23, 4.54) 32.46
Demakakos 2008 -_— 4.18 (1.90, 9.20) 26.93
Manuck 2010 0.66 (0.16, 2.57) 12.61
Singh-Manoux 2013 _—l 2.44 (1.14,5.21) 28.00

Subtotal (I-squared = 43.0%, p = 0.153) <> 2.35 (1.35, 4.10) 100.00

Not Predominantly Caucasian

Subramanyam 2013 1T 1.43 (0.77, 2.58) 56.18
Woo 2008 -_—T 1.30 (0.65, 2.55) 43.82
Subtotal (I-squared = 0.0%, p = 0.838) <<> 1.37 (0.87, 2.15) 100.00

NOTE: Weights are from random effects analysis

T
.0657 1 15.2

Panel C: Obesity

Study %

D ES (95% Cl) Weight
Predominantly Caucasian

Demakakos 2008 —_— 2.04 (1.16, 3.38) 57.71
Manuck 2010 _— 5.12 (2.07, 12.22) 4229

Subtotal (I-squared = 66.9%, p = 0.082) O 3.01 (1.24, 7.34) 100.00

Not Predominantly Caucasian

Frerichs 2014 -_—T 1.23 (0.70, 2.23) 32.64
Reitzel 2013 —_— 1.11 (0.56, 2.07) 25.85
Woo 2008 —_—— 0.93 (0.55, 1.55) 41.51
Subtotal (I-squared = 0.0%, p = 0.772) <> 1.06 (0.76, 1.48) 100.00
NOTE: Weights are from random effects analysis
T T
.0857 1 15.2
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cardiovascular risk behaviours.'>> Despite these limita-
tions, there were clear areas of strengths in study quality.
All 10 studies drew the exposure and comparator groups
from the same population, 9 of 10 studies had a well-
defined sample population, and eight studies performed
appropriate statistical analyses. Half the included studies
used objective outcome measures.

DISCUSSION

In this meta-analysis of nine studies, there appeared to
be a consistent and statistically significant increase in
odds, of approximately 1.8-fold to 3.7-fold, of CAD,
hypertension, diabetes and dyslipidaemia when compar-
ing the bottom with the top of the SSS ladder; there was
a non-significant trend for obesity. To the best of our
knowledge, this is the first systematic review and
meta-analysis to comprehensively summarise the body of
literature examining the association between SSS and
cardiovascular disease and cardiovascular risk factors.

A previous qualitative study demonstrated that indivi-
duals cite income, education and occupation as the top
three dimensions used to determine their own SSS
ranking.” SES measures cannot therefore be considered
confounders, due to their place on the causal pathway
of SES, SSS and health outcomes. That is, if SES affects
health due to status differentiation and its psychosocial
consequences rather than absolute resource deprivation,
then it is likely inappropriate to adjust for these factors
that contribute to, and are closely associated with, social
status.” Despite probable over-adjustment for socio-
economic factors, our meta-analysis shows that a consist-
ent trend remains between lower SSS and higher odds
of cardiovascular risk and cardiovascular disease after
adjustments for SES, with all ORs for all outcomes
remaining >1. This adds robust evidence that not only is
SSS likely a mediator in the SES—cardiovascular out-
comes pathway, but that SSS is still independently asso-
ciated with cardiovascular risk independent of income,
education or occupation. That is, the perception of
where one stands on a social hierarchy is associated with
health effects independent of a person’s actual objective
income, education or occupation.

Various bodies of evidence point to the role of psycho-
social effects of social status on health, including studies
in baboons and macaques, which show that these non-
human primates are organised in linear social hierarch-
ies; those who are subordinate tend to have higher lipid
levels, cortisol levels, more coronary plaques, and higher
rates of obesity.so_33 In a study that manipulated social
status by switching female macaque monkeys from one
social group to another, those who previously held dom-
inant positions but were then subordinate in their new
group had a fivefold risk of developing coronary plaques
compared with those that did not change social pos-
ition.** This would argue that it is the psychosocial impli-
cations of social status rather than physical fitness or
ability to attain resources that contribute to

cardiovascular risk. In the income inequality literature,
residents of countries with high income inequality have
more status anxiety,?’4 and increased cardiovascular mor-
bidity, mortality and risk factors® compared with coun-
tries with less income inequality. However, none of the
primate or income inequality studies actually measures
individual perception of social status and its association
on health, but rather infers that this perception must be
present and acts as a causal factor in determining health
outcomes because absolute resource and income levels
cannot adequately explain the social gradient in health.
In this sea of indirect evidence, our review advances
knowledge by demonstrating that explicitly measured
perceived social status is associated with risk of cardiovas-
cular disease.

Although previous literature has clearly demonstrated
the associations between psychosocial factors and health
outcomes, the literature does not link these psychosocial
factors to social status. For example, control, anxiety,
social supports, social participation and social cohesion
and trust have all been shown to contribute to health
outcomes, though these were not specifically studied in
the context of psychosocial responses to social
status.”® %7 Similarly, health disparities based on occupa-
tion have been attributed to imbalances between high
demands/low control, and high personal efforts/low
rewards; these imbalances increase the risk of cardiovas-
cular disease.”® *® Perhaps these findings at the work-
place are a microcosm of a similar mechanism between
the same imbalances in life as a whole leading to the
development of cardiovascular disease, for those with
low perceived social class. The simple self-ranking on
the Macarthur Scale of Subjective Social Status may
capture this spectrum of psychosocial factors and imbal-
ances between effort and reward, making it a robust
summary measure of the psychosocial effects of social
status.

Previous studies have suggested that the inverse rela-
tionship between SSS and health is less strong in
African-Americans compared with Caucasians.'” * Our
stratified analysis, though underpowered, demonstrates
similar results, with pooled ORs for hypertension, dia-
betes and obesity comparing those at the bottom with
the top of the SSS ladder being statistically significantly
>1 for studies with a predominantly Caucasian popula-
tion, but not for studies with a predominantly
non-Caucasian population. This may be because differ-
ent ethnicities derive social status from different sources.
For example, African-Americans may derive social status
from racial identity, Afrocentric values, self-esteem and
personal efficacy’” *'; they have been shown to have
higher self-perceived status compared with Caucasians
even at lower income levels.*’ The MacArthur Scale of
Subjective Social Status societal ladder explicitly defines
the top of the ladder as those with ‘the most money, the
most education, and the most respected jobs’.9
Therefore, low SSS as measured by this ladder may not
have the same associations with poor health outcomes
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for non-Caucasians who may have higher self-worth and
satisfaction than is indicated by this ladder. Future
research in SSS may need to take this into account by
examining associations between SSS and health specific-
ally within specific ethnic groups rather than in a hetero-
geneous and ethnically diverse population. In addition,
perhaps the MacArthur Scale of Subjective Social Status
community ladder, where perceived social status is mea-
sured without reference to objective socioeconomic mea-
sures, may more accurately reflect social status in
non-Caucasian ethnicities that derive status primarily
from non-SES measures; however, a comparison of the
validity of the societal versus the community ladder is
needed before the community ladder is widely adopted
over the more commonly used and studied societal
ladder.

Limitations

There are limitations to our review. First, as with any sys-
tematic review, our study is limited by the quality of
underlying studies. While there were clear strengths in
the included studies, our quality assessment revealed
deficiencies particularly in the areas of the representa-
tive study samples, adjustment of confounders, and in
length of follow-up. These issues highlight the difficulty
in performing studies at the intersection between social
determinants and health. Our stratified analysis sug-
gested that higher quality studies reported higher effect
sizes compared with lower quality studies. Given this, our
review likely underestimated the association between SSS
and CAD, and CAD risk factors. Second, we were unable
to assess the role of negative affect in the association
between SSS and cardiovascular health, given that only
one study included psychosocial variables in their regres-
sion models. However, previous literature suggests that
negative affect may act as a mediator rather than a con-
founder in the association between SSS and health out-
Comes,42 and adjustment for these factors may,
therefore, not always be appropriate. Third, because
only 1 of 10 studies was a cohort study, the association
between SSS and CAD and CAD factors cannot be
deemed to be causal, despite consistency of effect and
biological plausibility. We note though that five of the
nine cross-sectional studies used longitudinal patient
cohorts; there is, therefore, great potential for future
cohort studies, given that data for these cohorts are avail-
able. Lastly, we included only studies that measured SSS
using a ladder scale, excluding a total of nine studies
that measured SSS using a different tool. However,
studies using other SSS measures show consistent results,
with low perceived social class being associated with
increased risk of cardiovascular disease, and cardiovascu-
lar risk factors, reduced mobility, and worse self-rated
health.* ® 7 ® Restriction of studies to those using SSS
ladders was necessary to allow a standard comparison
across studies given the heterogeneity and uncertain val-
idity of other instruments; this restriction is unlikely to
have biased our findings and conclusions.

Implications

Although social hierarchies are inevitable, the presence
of the hierarchy itself does not automatically translate to
perceptions of status inferiority or superiority, but rather
depends on how this hierarchy is linked to resource distri-
bution.?” Unequal societies result in a greater differential
in social status. Interventions to address the association
between SSS and cardiovascular risk can, therefore, work
to reduce the social hierarchy, or alternatively, to address
the psychosocial consequences of low standing in this
hierarchy. The former includes interventions aimed at
improved early childhood education and income distri-
bution, such as changing taxation rules and increasing
minimum income thresholds to allow for healthy liVing.43
The latter includes interventions to improve social cohe-
sion, social trust and social participation; examples
include increased variety of work, use of skills, and level
of control in the workplace, and increased accessibility
and affordability of public transportation. Our findings
serve to highlight not only the need for these interven-
tions for the health of a population, but may also provide
guidance on more specific public health and social pol-
icies. For example, commitment to work and parental
roles have been shown to be associated with higher self-
image in the middle-aged population. Policies that invest
in human capital, such as through job training and job
creation, may therefore have greater impacts on SSS, and
subsequently on health compared with policies that
provide income assistance and subsidies. The UK has led
in recognising the role that social disparities play in
health, with specific recommendations for interventions
in the Acheson Report44 and Marmot Review.”” These
recommendations though have been slow to gain traction
due to the need for multiple stakeholder involvement,
spanning local and national governments, in health and
non-health sectors. Given the clear associations between
social status and health, health professionals and public
health agencies are not only well placed, but also have
both a social and professional responsibility to lead and
advocate for these policy changes, acting as a link
between politics, health and research.
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