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INTRODUCTION

Individuals’ position within the social hierarchy, termed socioeconomic position (SEP), shapes their
access to health promoting resources and vulnerability to adverse environmental conditions (World
Health Organization, 2010). These associations have endured over time despite focused efforts to
reduce and eliminate them (Mackenbach, 2012). Indeed, SEP is acknowledged as a fundamental
determinant of health and health inequities, because no matter what the profile of prevalent risk
factors and diseases, individuals with greater power, prestige, money, beneficial social connections
and/or knowledge consistently fare better (Link & Phelan, 1995). Two of the major, albeit not mu-
tually exclusive explanations for health inequities are the materialist and psychosocial perspectives.

A materialist perspective regards health inequities primarily as a consequence of differential
access to resources that can support optimal health (World Health Organization, 2010). In the
literature, SEP is most often operationalized in line with a materialist perspective of health in-
equities, using objective socioeconomic indicators of household income, educational attainment
and/or occupational status (Braveman et al., 2005; Loignon & Woehr, 2017; Olstad & Mclntyre,
2019). Educational attainment is a particularly valuable indicator given that it tends to be stable
over time; is causally prior to many changes in health status; shapes occupation, income and
access to an array of social and cultural resources; and is associated with physical and mental
health (Galobardes et al., 2006; Hamad et al., 2018). Subjective indicators can also be used to
assess materialist dimensions of SEP and may in fact provide a more comprehensive and precise
perspective of how they relate to health. For instance, whereas measures of absolute household
income assume the same meaning of a given level of income across individuals, subjective mea-
sures such as perceived income adequacy allow consideration of cost of living, availability of
other familial and government supports, wealth, employer-provided benefits, debts and societal
norms as to what constitutes an adequate standard of living. Notably, others have shown that
perceived income adequacy is a multidimensional indicator of a variety of economic resources
in many countries, along with complementary nonmonetary resources that can alleviate finan-
cial strain (Danigelis & McIntosh, 2001; Gildner et al., 2019; Hagenaars & de Vos, 1988; Litwin
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& Sapir, 2009). Perceived income adequacy is associated with self-rated health, mental health
and mortality, independent of absolute household income (Blazer et al., 2005; Cheng et al., 2002;
Gildner et al., 2019; Sun et al., 2009).

The psychosocial hypothesis posits that individuals rank themselves relative to others in so-
ciety with more/fewer resources (Wilkinson, 1996, 2005). Individuals who perceive themselves
as lower in rank may feel less able to influence their environments, overcome external threats
or pursue advantageous opportunities, leading to psychosocial stress that activates stress-related
neuroendocrine pathways that cause physiological damage (Dickerson & Kemeny, 2004; Kraus
et al., 2013a; McEwen, 2008; Steptoe, 2008). The MacArthur national ladder of subjective social
status (SSS) is an ideal indicator to investigate a psychosocial, rank-based perspective of health
inequities, given that it explicitly asks individuals to compare their level of income, educational
attainment and occupational status to others’ (Cundiff & Matthews, 2017; Hoebel & Lampert,
2020; Hoebel et al., 2017). Evidence substantiates that social comparative processes are indeed in-
voked by SSS (Hoebel & Lampert, 2020; Tan et al., 2020) and that SSS is associated with objective
and subjective measures of physical and mental health, independent of a range of objective so-
cioeconomic indicators (Cundiff & Matthews, 2017; Cundiff et al., 2013; Euteneuer, 2014; Nobles
et al., 2013; Prag, 2020; Senn et al., 2014; Tang et al., 2016) and psychosocial factors (Bradshaw
et al., 2017; Nobles et al., 2013; Singh-Manoux et al., 2003).

Empirical evidence on the mechanisms through which material and psychosocial factors shape
health inequities remains limited. Psychosocial stress may mediate both materialist and psycho-
social pathways, although the pathways remain distinct by virtue of the stress being fundamen-
tally material or social in its origins. Systematic reviews find mixed support for the notion that
psychosocial stress mediates associations between objective socioeconomic indicators of SEP (i.e.
materialist pathways) and health (Claassen et al., 2019; Matthews et al., 2010). By comparison,
psychosocial stress arising from social comparisons is theorized to be a central pathway within
the psychosocial perspective (Wilkinson, 1996, 2005), yet the evidence pertaining to whether psy-
chosocial stress mediates psychosocial pathways is similarly mixed (Bradshaw et al., 2017; Callan
et al., 2015; Garey et al., 2016; Senn et al., 2014; Subramanyam et al., 2012). Further clarification of
the relative importance of psychosocial stress as a mediator of materialist and psychosocial path-
ways would provide valuable mechanistic insights to understand how SEP ‘gets under the skin’.

In addition to understanding mechanisms at the individual level, robust theoretical under-
standings depend upon explicating the contextual forces that ultimately give rise to, maintain
and reproduce health inequities. The level of income inequality within societies is one such con-
textual factor and is primarily associated with the psychosocial perspective, although others posit
neo-materialist explanations (Lynch et al., 2000). According to the former, in societies that pres-
ent more readily observable signs of rank, individuals regularly enter into social interactions in
which their social status is known (Kraus et al., 2013a). For those situated in inferior positions,
the chronic experience of low social status activates threat reactions and associated stress, lead-
ing to poor health trajectories and health inequities (Wilkinson & Pickett, 2009). Importantly,
these social comparisons occur even among those at the top of the hierarchy who experience
material sufficiency, and are thought to be a key reason why health diminishes with each step
down the social ladder (Layte & Whelan, 2014). Thus, the psychosocial perspective posits a clear
connection between pathways at the individual and societal levels, whereby the importance of
stress-related pathways of social status differentiation should be higher in countries with greater
income inequality (Wilkinson, 2005; Wilkinson & Pickett, 2008). That is, a larger distance be-
tween rungs on the ‘social ladder’ should increase status competition and its attendant nega-
tive health effects within more unequal nations. However, to our knowledge just one study has
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examined variance in the size of health gradients according to SSS within more and less equal
nations (Prag et al., 2016), and none have compared the direct and indirect effects of SSS to other
indicators of SEP to elucidate mechanisms underlying health inequities in these nations.

This paper addresses two substantive issues in relation to health gradients internationally and
the mechanisms that give rise to them. First, we examine the strength of associations between SEP
indicators that tap into materialist and psychosocial perspectives with self-rated overall health
(SROH) among adults living in countries with higher and lower levels of income inequality. We
use educational attainment and perceived income adequacy to capture objective and subjective
dimensions of the materialist perspective, and SSS to capture a predominantly psychosocial per-
spective. By examining associations of all three indicators with SROH simultaneously, we can
begin to apprehend how the determinants of health inequities vary internationally. Given prior
evidence (Cundiff & Matthews, 2017), we expect SSS to show distinct associations with SROH,
independent of both materialist indicators. We also expect that associations between SSS and
SROH will be higher among adults living in countries with higher levels of income inequality, in
accordance with psychosocial theory. If our expectations are borne out, they will provide initial
evidence of the importance of psychosocial pathways internationally and will indicate a corre-
spondence between psychosocial pathways at the individual and societal levels.

Second, we examine the importance of psychosocial stress in mediating associations between
educational attainment, perceived income adequacy and SSS with SROH among adults living in
countries with higher and lower levels of income inequality. If psychosocial stress generated by
social comparisons is a predominant mechanism underlying health inequities as the psychoso-
cial hypothesis posits, then psychosocial stress should be a more important mediator of associa-
tions between SSS and SROH, and a less important mediator of associations between educational
attainment and perceived income adequacy with SROH. Moreover, given that health inequities
at the individual level are the result of broader societal structures and processes (World Health
Organization, 2010), we would expect psychosocial stress to be a more important mediator of as-
sociations between SSS and SROH among adults living in countries with higher levels of income
inequality. Thus, the current study will provide novel evidence concerning the determinants of
inequities in self-rated health and the pathways that give rise to them, including whether and
how these pathways differ according to the broader social context.

METHODS
Study design and participants

We analysed cross-sectional data from the 2018 wave of the International Food Policy Study (IFPS).
The IFPS is an annual online survey of a population-based sample of adults aged >18 years living
in Australia, Canada, Mexico, the UK and the United States (US). These countries span those with
relatively high (i.e. Gini coefficients of disposable income in 2016: US = 38.2; Mexico = 44.8),
moderate (Australia = 32.5; UK = 33.1) and lower (Canada = 30.4) levels of income inequality
(Solt, 2019). Importantly, our analysis privileges in-depth and focused description of pathways
underlying health inequities over simplification and summarization across many.

Full details of the IFPS methodologies are available elsewhere (International Food Policy Study,
2020). Briefly, participants were randomly drawn from each country's respective online Nielsen
Consumer Insights Global Panel or their partner panels (https://www.nielsen.com/us/en/about
-us/panels/) using quota sampling procedures to approximate the population distribution of sex,
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age, education and language. Country-specific panels were recruited using both probability and
non-probability-based sampling methods using standardized procedures. A total of 28,684 eligible
adults completed a survey using a unique access link, of which 22,824 (Australia n = 4103; Canada
n = 4397; Mexico n = 4135; UK n = 5549; US n = 4640) provided usable responses as determined
via data integrity checks (e.g. correctly stated the current month, <3 extreme responses, completed
survey in >15 min) (Appendix 1). The total participation rate was 6.5% (number of usable survey
responses divided by number of invitations sent), while the cooperation rate was 69.2% (number of
usable survey responses divided by number of eligible participants who accessed the survey link)
(American Association for Public Opinion Research, 2016).

This study was approved by the University of Waterloo Research Ethics Committee (ORE
#21460) and the University of Calgary Health Research Ethics Board (REB20-0586). All partic-
ipants provided consent prior to participating and were remunerated in accordance with their
panel's customary incentive structure.

Data collection

Questionnaires were similar across countries, although some questions were adapted using
country-specific terminology (surveys available at: http://foodpolicystudy.com/methods/). The
questionnaire items used in this study were drawn or adapted from previous national surveys
or relevant research studies, as detailed below. Surveys were conducted in English, French and
Spanish.

Exposures

Educational attainment

Participants reported their highest attained level of education (Statistics Canada, 2014). Responses
were classified as low (secondary or lower), middle (postsecondary qualification below University
degree) or high education (university degree or higher).

Perceived income adequacy

Participants reported perceived income adequacy (Gildner et al., 2019; Hagenaars & de Vos, 1988;
Litwin & Sapir, 2009) by answering the question: ‘Thinking about your total monthly income,
how difficult or easy is it for you to make ends meet?’. Responses were classified as low (very dif-
ficult/difficult), middle (neither easy nor difficult) or high income (easy/very easy).

Subjective social status

The MacArthur Scale of SSS national ladder (Adler et al., 2000; MacArthur Research Network
on SES & Health, 2008) was used to assess SSS with the following question: ‘Think of this ladder
as representing where people stand in [nation]. At the top of the ladder (step 10) are the people
who have the most money and education, and the most respected jobs. At the bottom of the
ladder (step 1) are the people who have the least money and education, and the least respected
jobs or no job. Where would you place yourself on this ladder? Pick the number for the step that
shows where you think you stand at this time in your life, relative to other people in [nation]’.
Multiple studies substantiate that ladder rankings have sound psychometric properties and are
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not confounded by negative affect or depression (Adler et al., 2000; Cundiff & Matthews, 2017,
Cundiff et al., 2013; Kraus et al., 2013b; Operario et al., 2004).

Mediator

Psychosocial stress

Participants reported the level of stress experienced on most days (from not at all to extremely
stressful) (Statistics Canada, 2017). Similar single-item measures have demonstrated good reli-
ability, moderate to strong correlations with validated multi-item stress (Littman et al., 2006)
and wellbeing instruments (Elo et al., 2003), and have been associated with prospective health-
related outcomes (Salminen et al., 2014).

Outcome

Self-rated overall health
SROH was modelled as a latent variable consisting of self-rated general and mental health.
Participants self-rated their general health as poor, fair, good, very good or excellent (Statistics
Canada, 2017). Self-rated health is regarded as a comprehensive and informative health measure
for population-level research (Jylha, 2009). It has been associated with income inequality in several
cross-national studies (Detollenaere et al., 2018; Prag et al., 2014), correlates well with other indica-
tors of morbidity (Cohen et al., 1995; Jylha et al., 2006) and consistently predicts mortality (Idler &
Benyamini, 1997; Jylha et al., 1998; Nielsen et al., 2008; Schnittker & Bacak, 2014) in many nations.
Evidence indicates few differences in reporting by sex (Jylha et al., 1998; Lazarevic & Brandt, 2020;
Zajacova et al., 2017) and among (European) countries despite varying levels of income inequality
(Jylha et al., 1998; Lazarevic & Brandt, 2020; Verropoulou, 2009). Differences in reporting by age
exist (Lazarevic & Brandt, 2020), and therefore, age was considered a potential confounder.
Participants similarly self-rated their mental health as poor, fair, good, very good or excellent
(Statistics Canada, 2017). Self-rated mental health status exhibits strong and consistent associa-
tions with a wide range of mental morbidity measures (Mawani & Gilmour, 2010).

Data analysis
Statistical analyses

All analyses were stratified by nation and weighted using country-specific poststratification sam-
ple weights based on age group, sex, region, race/ethnicity and education. Analyses were con-
ducted in Stata v 15.1 (StataCorp, Texas, USA), with p < 0.05 indicating statistically significant
differences.

Descriptive statistics were calculated overall and according to categorical SSS. A multigroup
structural equation modelling approach was used to simultaneously evaluate total, direct and in-
direct effects of educational attainment, perceived income adequacy and SSS on SROH, mediated
by psychosocial stress (Figure 1). The exposures and mediator were represented as manifest vari-
ables, while the outcome of SROH was represented as a continuous latent construct (Rhemtulla
et al., 2012). The three indicators of SEP were allowed to correlate to examine their independent
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FIGURE 1 Structural equation model of associations between educational attainment, perceived income
adequacy and subjective social status with self-rated overall health mediated by psychosocial stress among
adults living in Australia (A), Canada (C), Mexico (M), the UK and the United States (US). Coeftficients are
standardized. Results are based on survey-weighted data. Adjusted for sex and age; *p < 0.05; **p < 0.001

effects. There were no statistically significant interactions between the exposures and the media-
tor. Directional paths were added from age and sex to all variables in the model to adjust for them.

Path coefficients were standardized, and the total effect of each SEP indicator was decom-
posed into indirect (mediated) and direct (unmediated) effects. Although most prior studies have
modelled SSS as a mediator of associations between objective SEP and health, objective and sub-
jective indicators of SEP are only moderately correlated, indicating that SSS has unique effects on
health that do not stem from objective indicators (Cundiff & Matthews, 2017; Hoebel & Lampert,
2020; Prag, 2020). By modelling SSS as an exogenous exposure, we were able to examine the total
effects of SSS, not simply those mediated via objective indicators.

Between country differences in total, indirect and direct effects were tested via bootstrapped
standard errors (500 replications) (Ryu & Cheong, 2017). These analyses did not adjust for clus-
tering, as the ICC in our data set was 0.01, indicating that the majority of the variation was
within, rather than between nations (Vajargah & Masoomehnikbakht, 2015).

Good model fit was indicated by Tucker Lewis index and comparative fit index >0.94 (Hu &
Bentler, 1999), and standardized root mean square residuals and root mean square error of approx-
imation <0.08 (Hooper et al., 2008; McDonald & Ho, 2002). We also tested whether our measure-
ment models and the structural relationships among the variables in our models were invariant
across countries using three multigroup nested models with increasing constraints (Gregorich,
2006; Moreno-Agostino et al., 2021). The first model tested configural invariance to verify model fit
across countries. The second model assessed metric invariance (i.e. equal factor loadings) to ensure
that the meaning of the latent construct was equivalent in all countries. The third model tested
structural invariance to determine whether there were cross-national differences in associations be-
tween variables in the model. Values of A comparative fit index <0.01 and A root mean square error
of approximation <0.015 indicated measurement and structural invariance (Chen, 2007).

To retain as many participants in the analyses as possible, responses of don't know/refuse to
answer (these options were available for all questions) were recoded as missing (<2.2% of re-
spondents selected this option for any single question). Missing data were minimal (educational
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attainment 0.3%, perceived income adequacy 0.8%, SSS 2.1%, psychosocial stress 1.1%, mental
health 1.1% and general health 1.2%) and were handled using full information maximum likeli-
hood under a missing at random assumption.

RESULTS
Descriptive statistics

The sample was nearly evenly split between males and females, with an average age of 39.3
(Mexico) to 48.1 years (Canada) (Appendix 2). With the exception of Mexico, more than 40%
of participants in all countries reported a low educational attainment, with slightly more than
a quarter reporting low perceived income adequacy. Although participants in Mexico were less
likely to have a low educational attainment (19.9%), a higher proportion perceived their income
to be inadequate (43.9%) compared to those living in the other four countries (25.1-29.7%). The
average SSS was similar across countries and ranged from 5.0 (Mexico) to 6.0 (USA), with the ma-
jority of participants ranking themselves as ‘average’ (i.e. rungs 5-6; 37.1-40.9%). The majority of
participants reported that most days were not very or a bit stressful (67.9-78.9%), having good to
very good mental health (54.5-67.5%) and fair to good general health (64.7-71.9%).

Correlation matrix and model fit

Correlations among variables in the model were low to moderate, with similar patterns across
countries (Appendix 3). Goodness-of-fit statistics indicated acceptable model fit (Appendix 4).
Measurement (configural and metric) invariance was achieved for the model with and without medi-
ators (Appendix 5). Structural invariance for the mediation model was not achieved, indicating cross-
country differences in associations between variables in the model, which we describe subsequently.

Total effects

There was a significant positive total effect of educational attainment on SROH in the UK, Mexico
and the United States (f = 0.048-0.083) (Table 1; Figures 1 and 2). There was also a significant posi-
tive total effect of perceived income adequacy (f = 0.232-0.301) and SSS (f = 0.246-0.371) on SROH
in all countries. Whereas the total effects of educational attainment and perceived income adequacy
did not differ by country, the total effects of SSS on SROH were the highest in the United States, the
UK and Australia, with no differences between them, and the lowest in Canada and Mexico.

Direct effects

Females in all countries reported higher levels of psychosocial stress than males, while those liv-
ing in the United States also reported poorer SROH than males (Appendix 6). As age increased
psychosocial stress declined and SROH improved in all countries. The direct effects of educational
attainment, perceived income adequacy, SSS and psychosocial stress on SROH were significant in
all countries with one exception (i.e. educational attainment in Canada; Table 1; Figures 1 and 3).
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TABLE 1 Direct, indirect and total effects of educational attainment, perceived income adequacy and
subjective social status on self-rated overall health mediated by psychosocial stress

Coefficient®
Path (SE) p value

Direct effects

Educational attainment -> self-rated overall health

Australia 0.054 (0.022) 0.016
Canada 0.034 (0.022) 0.124
Mexico 0.099 (0.023) <0.001
United Kingdom 0.051 (0.018) 0.006
United States 0.057 (0.019) 0.003

Perceived income adequacy -> self-rated overall health

Australia 0.173 (0.029) <0.001
Canada 0.246 (0.028) <0.001
Mexico 0.245 (0.023) <0.001
United Kingdom 0.211 (0.024) <0.001
United States 0.221 (0.025) <0.001
Subjective social status -> self-rated overall health
Australia 0.318 (0.031) <0.001
Canada 0.272 (0.029) <0.001
Mexico 0.239 (0.022) <0.001
United Kingdom 0.316 (0.024) <0.001
United States 0.359 (0.027) <0.001

Psychosocial stress -> self-rated overall health

Australia —0.248 (0.025) <0.001
Canada —0.187 (0.028) <0.001
Mexico —0.177 (0.026) <0.001
United Kingdom —0.241 (0.024) <0.001
United States —0.131 (0.025) <0.001

Indirect effects

Proportions

Differences
across
countries’

Proportion of total effect

Inconsistent
mediation

Inconsistent
mediation

Inconsistent
mediation

Inconsistent
mediation

Inconsistent
mediation

74.8%
81.7%
87.5%
78.2%
89.1%

90.5%
94.2%
97.1%
94.0%
96.7%

NS

NS

NS

NS
NS
NS
NS
NS

NS
Us
UK; US

C;M

US; M
NS

A

UsS

A; UK

Proportion mediated by

psychosocial stress®

Educational attainment -> psychosocial stress -> self-rated overall health

Australia —0.012 (0.003) 0.007

Canada —0.012 (0.002) <0.001

Inconsistent
mediation

Inconsistent
mediation

NS

NS

(Continues)
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TABLE 1 (Continued)

Path

Mexico

United Kingdom

United States

OLSTAD ET AL.

Coefficient®
(SE)
—0.015 (0.002)

—0.002 (0.002)

—0.005 (0.001)

p value
<0.001

0.472

0.043

Proportions
Inconsistent
mediation

Inconsistent
mediation

Inconsistent
mediation

Perceived income adequacy -> psychosocial stress -> self-rated overall health

Australia
Canada

Mexico

United Kingdom
United States

Subjective social status -> psychosocial stress -> self-rated overall health

Australia
Canada
Mexico
United Kingdom
United States
Total effects
Educational attainment
Australia
Canada
Mexico
United Kingdom
United States

Perceived income adequacy

Australia

Canada

Mexico

United Kingdom

United States
Subjective social status

Australia

Canada

Mexico

0.058 (0.043) <0.001 25.1%
0.055 (0.006) <0.001 18.2%
0.030 (0.004) <0.001 12.5%
0.059 (0.005) <0.001 21.7%
0.027 (0.019) <0.001 10.8%
0.033(0.002) <0.001 9.4%
0.016 (0.001) 0.001 5.7%
0.007 (0.001) 0.052 2.8%
0.020 (0.002) <0.001 5.9%
0.012 (0.001) 0.004 3.2%
0.041 (0.016) 0.073 -
0.021 (0.015) 0.340 =
0.083 (0.015) <0.001 =
0.048 (0.014) 0.012 -
0.052 (0.012) 0.008 -
0.232 (0.020) <0.001 -
0.301 (0.019) <0.001 -
0.275 (0.017) <0.001 -
0.270 (0.019) <0.001 -
0.248 (0.019) <0.001 -
0.352 (0.010) <0.001 -
0.288 (0.009) <0.001 -
0.246 (0.007) <0.001 -

Differences
across
countries®

UK; US

M

M

US; M
US; M
A; C; UK
UsS; M
A; C; UK

C; US; M

NS

NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

UsS
A; UK; US
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TABLE 1 (Continued)

Differences
Coefficient® across
Path (SE) p value Proportions countries®
United Kingdom 0.336 (0.008) <0.001 - M
United States 0.371 (0.008) <0.001 - C

Note: NS, nonsignificant; SE, standard error.
Adjusted for sex and age; Results are based on survey-weighted data.
*Standardized coefficients.

b = Australia; C = Canada; M = Mexico; UK = United Kingdom; US = United States of America; compared via bootstrapped
standard errors (500 replications); p < 0.05.

Assessed using the absolute values for both indirect and direct effects as [indirect effect/ (total indirect effect +exposure direct
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FIGURE 2 Total effects of educational attainment, perceived income adequacy and subjective social status
on self-rated overall health among adults living in Australia, Canada, Mexico, the UK and the United States.
Coefficients are standardized. Results are based on survey-weighted data. Adjusted for sex and age. Countries
are ordered from lowest to highest level of income inequality based on Gini coefficients of disposable income in
2016. Bars with different letters are significantly different from one another (p < 0.05)

Indirect effects

There was a significant negative indirect effect of educational attainment on SROH through psy-
chosocial stress in all countries except the UK (f = —0.005 to —0.015) (Table 1; Figure 1). That
is, a higher educational attainment was associated with higher psychosocial stress, which was in
turn associated with lower SROH. Due to this inconsistent mediation (i.e. the indirect and direct
effects were opposite in sign), the proportion mediated could not be calculated.

There was a significant positive indirect effect of perceived income adequacy (p = 0.027-
0.059) and SSS (p = 0.007-0.033) on SROH through psychosocial stress in all countries (Table
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FIGURE 3 Indirect effects of perceived income adequacy and subjective social status on self-rated overall
health among adults living in Australia, Canada, Mexico, the UK and the United States. Results are based on
survey-weighted data. The proportion mediated was calculated as the indirect effect divided by the total effect.
Adjusted for sex and age. Countries are ordered from lowest to highest level of income inequality based on Gini
coefficients of disposable income in 2016. Bars with different letters are significantly different from one another
(p <0.05)

1; Figures 1 and 3). The indirect effects of perceived income adequacy on SROH appeared to be
higher (10.8%-25.1% of total effect mediated) than the indirect effects of SSS on SROH (2.8%-9.4%
of total effect mediated), although the statistical significance of these differences was not tested.
Psychosocial stress was a more important mediator of associations between perceived income
adequacy and SROH in Australia, Canada and the UK compared to Mexico and the United States.
Psychosocial stress was also a more important mediator of associations between SSS and SROH
among adults living in Australia, whereas it was similarly low in all other countries.

DISCUSSION

We examined the comparative size of gradients in SROH internationally using SEP indicators
that aligned with materialist and psychosocial mechanisms, and the extent to which these path-
ways were mediated by psychosocial stress. By conducting these analyses in countries with lower
and higher levels of income inequality, we generated novel evidence on the theoretical alignment
between psychosocial processes at the individual and societal levels. Our findings demonstrated
that the choice of SEP indicator matters, as all three indicators captured quantitatively and quali-
tatively distinct dimensions of inequities in SROH. The total effects of SSS on SROH were similar
to, or higher than the total effects of educational attainment and perceived income adequacy on
SROH, highlighting the importance of rank-based projections of status. However, inequities in
SROH were not consistently higher in more unequal countries, regardless of the indicator used,
nor was psychosocial stress a more important mediator of associations between SSS and SROH
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in these countries. We therefore found little evidence of correspondence between psychosocial
pathways at the individual and societal levels.

With respect to our first objective, SSS exhibited distinct associations with SROH that were
similar to, or larger than associations between materialist indicators and SROH. Notably, the
total effects of the two subjective indicators far exceeded the total effects of educational attain-
ment, suggesting the relative value of subjective indicators of SEP in understanding the social
patterning of SROH. This is consistent with evidence that associations between SSS and sub-
jective wellbeing are higher than associations with objective indicators, and with education in
particular (Tan et al., 2020). It is not clear whether our findings would have differed had we used
household income, rather than educational attainment, to capture an objective materialist per-
spective. However, others have shown that education-based inequities in self-rated health exceed
income-based inequities in countries with higher levels of income inequality, suggesting that
our findings may be robust to the choice of materialist indicators (Beckfield & Olafsdottir, 2013).

The total effects of SSS on SROH were the highest in the United States, the UK and Australia,
with no differences between them, and the lowest in Canada and Mexico. If rank-based percep-
tions of status were more important determinants of inequities in SROH in more unequal coun-
tries, we would have expected the total effects of SSS to be the highest in the United States and
Mexico and the lowest in Canada. These results are in agreement with a comparable study which
found that associations between SSS and self-rated health did not vary according to the level of
income inequality among 29 nations (Prag et al., 2016). For nonhealth outcomes, evidence from
a recent meta-analysis actually suggests that associations between SSS and subjective wellbeing
may be higher in countries with lower income inequality (Tan et al., 2020). There was similarly
no evidence that gradients in SROH using materialist indicators were higher in more unequal
countries, a finding that is also broadly consistent with others’ (Beckfield & Olafsdottir, 2013;
Semyonov et al., 2013). Our initial tests therefore suggested that inequities in SROH were not
consistently higher in more unequal countries, regardless of the indicator used. Thus, we found
limited alignment between psychosocial mechanisms at the individual and societal levels. It may
be that increasing globalization has reduced the importance of income inequality at a national
level in shaping inequities in SROH, as individuals may have expanded their reference groups
beyond national boundaries to those in other countries (Delhey & Kohler, 2006; Lindemann &
Saar, 2014). Alternatively, contextual factors other than the level of national income inequality
may be more salient determinants of these associations (Lindemann & Saar, 2014).

It is possible that the effects of income inequality might differ in an upper middle income
country such as Mexico, where basic material needs are less easily met compared to in higher in-
come countries (Wilkinson, 1996). However, Mexico is considered more advanced than its peers,
and its per capita gross domestic product places it along the top of the Preston curve, where re-
turns to life expectancy from increases in national wealth diminish substantially (Deaton, 2003;
Wilkinson, 1996). Moreover, the risk of premature mortality in Mexico is 38% higher compared
to in countries with a Gini coefficient <0.3, indicating that its high level of income inequality is
associated with substantial negative health effects (Kondo et al., 2009). In addition, Curran and
Mahutga (Curran & Mahutga, 2018) have shown that income inequality may be more detrimen-
tal to health in poorer nations. Thus, our expectations of higher inequities in SROH according
to SSS in Mexico were both theoretically and evidence-informed. Nevertheless, we seek further
corroboration or refutation of our hypotheses via our subsequent, more stringent tests.

With respect to our second hypothesis, our findings provide little empirical support for the sa-
lience of stress-related pathways underlying inequities in SROH, regardless of the indicator used.
Contrary to expectations, a higher educational attainment was associated with higher psychosocial
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stress, which was associated with poorer SROH. Similar ‘glitches’ in the education-health gradi-
ent have been reported in the United States, the UK and Canada (Singh-Manoux et al., 2003;
Veenstra, 2005; Veenstra & Vanzella-Yang, 2020; Zajacova et al., 2012). It was also unexpected that
psychosocial stress proved to be a more important mediator of associations between perceived
income adequacy and SROH than it was for SSS. Thus, perceiving one's income to be inadequate
may be a greater source of health-damaging stress than perceiving oneself to have a lower level
of education, income and/or a less prestigious occupation relative to others. It was particularly
surprising that psychosocial stress should mediate such a small proportion of associations be-
tween SSS and SROH, given that the psychosocial hypothesis attributes the negative health ef-
fects of income inequality largely to toxic stress arising from invidious social comparisons (Kondo
et al., 2008; Wilkinson, 1996, 2005) and that social evaluative threats are among the most powerful
stressors (Dickerson & Kemeny, 2004). Other studies have also found small (Bradshaw et al., 2017;
Garey et al., 2016; Senn et al., 2014) or no indirect effects (Callan et al., 2015; Subramanyam et al.,
2012) of SSS on health-related outcomes mediated by stress. This may suggest that the effects of
SSS may be mediated via other psychosocial pathways, such as anger, depression, anxiety, neu-
roticism and sense of control (Cundiff et al., 2013; Kan et al., 2014; Lundberg & Kristenson, 2008;
Marmot & Wilkinson, 2001; Matthews et al., 2010). Alternatively, SSS may capture both stress
inducing (i.e. upward) and dampening (i.e. downward) comparisons that counteract one another.
Other macrolevel factors may also modify the effects of income inequality.

Psychosocial stress was not a more important mediator of associations between SSS and
SROH in more unequal countries. The indirect effects of SSS were the highest in Australia, a
country with a moderate level of income inequality, and similarly low in the other four countries.
The patterning of the indirect effects of perceived income adequacy on SROH was similarly par-
adoxical, as stress was a more important mediator in the three countries with the lowest levels of
income inequality. Results from our second test therefore corroborated our initial findings that
psychosocial pathways at the individual level were not more important within more unequal
countries, indicating little correspondence between psychosocial mechanisms at the individual
and societal levels. Notably, a related literature has examined key tenets of the psychosocial hy-
pothesis based on the construct of status anxiety (i.e. individual perceptions of being looked
down upon), with mixed findings (Layte, 2012; Layte et al., 2019; Layte & Whelan, 2014). Thus,
further theoretical development may be needed to understand psychosocial processes that gen-
erate inequities in SROH.

Strengths and limitations

We leveraged data from a large, cross-national study that used identical sampling procedures
and questionnaires in five countries, thereby allowing direct comparisons. We advanced prior
work by examining associations between multiple indicators of SEP with SROH in nations not
included in prior analyses, by examining physical and mental health outcomes, and most notably
by modelling underlying mechanisms.

The sample was recruited using both probability and non-probability-based methods and was
therefore not nationally representative. Survey weights were therefore applied to improve repre-
sentativeness. Although the participation rate was low, low response rates are common in online
surveys (e.g. the baseline response rate in the UK Biobank study was 5.5%) and are not a good
indicator of non-response bias (American Association for Public Opinion Research, 2021; Batty
et al., 2020; Groves & Peytcheva, 2008). Moreover, the cooperation rate was relatively high.
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Consistent with our aims, our analyses were stratified by nation to support detailed analysis
of mediating pathways within a small number of nations and were not powered nor intended to
assess country-level effects. Constructing structural equation models for dozens of nations would
have yielded an extremely complex pattern of total, direct and indirect effects for each of the
three indicators of SEP that would have been difficult to interpret. It will therefore be important
to replicate these findings among other nations.

Given the cross-sectional nature of our data, causality and directionality cannot be inferred.
However, longitudinal (Blazer et al., 2005; D'Hooge et al., 2018; Garbarski, 2010; Nobles et al.,
2013) and experimental (Bratanova et al., 2016; Muscatell et al., 2016; Pieritz et al., 2016; Schubert
et al., 2016) studies substantiate the directionality of associations modelled here. Although some
suggest the effects of income inequality on health may take up to 15 years to materialize (Blakely
et al., 2000), this should not have affected our results as Gini coefficients in all five nations varied
by only 0.5-2.6 points between 2000 and 2016.

While exposures and outcomes were self-reported, as summarized above they have all been
associated with objective health outcomes and/or mortality in prior studies. Although some ev-
idence indicates few cross-national differences in reporting of self-rated health, it will neverthe-
less be important to replicate our findings using objective health indicators due to the potential
for group-specific understandings of health, reporting norms and reference groups (Lazarevic &
Brandt, 2020). Our use of a latent indicator of SROH also helped to address measurement error,
and measurement invariance was achieved, indicating that the meaning of the latent construct
was equivalent in all countries. Importantly, the four higher income nations shared many sim-
ilarities (e.g. large and predominantly White European ancestry populations that are becom-
ing increasingly multicultural, democratic liberal welfare regimes, history of colonialism), but
differed with respect to income inequality, which also strengthens confidence in our findings.
Nevertheless, no two nations are identical, and it remains possible that other differences between
nations could account for our findings, such as differences in the sociodemographic composition
of their populations, social support policies and economic productivity. Finally, with respect to
our mediator, it is not clear to what extent our single item measure of psychosocial stress fully
captured long-term stressful exposures across all relevant domains in all countries.

This research makes two distinct contributions to the literature pertaining to health inequities
and the mechanisms that give rise to them. First, findings demonstrate the importance of both ma-
terialist and psychosocial pathways in shaping inequities in SROH internationally. As such, greater
incorporation of indicators such as SSS within research may help to achieve a more comprehensive
understanding of mechanisms underlying health inequities, and corresponding leverage points for
intervention. Second, inequities in SROH were not consistently higher in more unequal countries,
nor were stress-related pathways of social status differentiation more important in these nations.
These findings point to the need for further theoretical development to understand psychosocial
processes that generate health inequities, both at the individual and societal levels. In this respect,
future investigations could explore other mediators of these associations, and whether other axes of
social stratification moderate associations between income inequality and health, such as the un-
equal distribution of social capital, along with broader sociocultural norms and policies. Moreover,
in an increasingly global society, the geographic scale at which such associations are examined may
need to be reconsidered. Ultimately, a better understanding of how psychosocial processes shape
health inequities can inform more effective policy responses to disrupt them.
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Canada = 4,397
Mexico = 4,135
United Kingdom = 5,549
United States = 4,640



http://www.who.int/sdhconference/resources/ConceptualframeworkforactiononSDH_eng.pdf
http://www.who.int/sdhconference/resources/ConceptualframeworkforactiononSDH_eng.pdf
https://doi.org/10.1111/1467-9566.13445

684
SOCIOLOGY OF [g=A\8§  E8IEEN| 2555

APPENDIX 2

Characteristics of participants by country and by

OLSTAD ET AL.

subjective social status (n = 22,824)

Australia Canada
— Subjective social status (weighted %) —
n =4103 1-2 3-4 5-6 7-8 9-10 n =4397
Age mean (SE) 46.4(0.3) 48.9(0.9)  49.0 (0.6) 46.2(0.4) 449(0.6) 39.3(1.3)  48.1(0.3)
Sex
Male 49.1 9.4 19.2 38.4 27.5 5.3 49.3
Female 50.9 7.1 23.8 43.3 229 2.7 50.6
Educational attainment
Low 42.0 11.2 26.4 40.3 19.0 3.0 42.5
Middle 32.2 8.3 21.6 43.0 24.3 2.6 33.2
High 25.6 3.2 13.3 39.4 36.4 7.4 24.2
Perceived income adequacy
Low 28.2 23.8 39.3 27.8 6.4 2.4 28.4
Middle 37.4 3.1 21.9 54.3 19.1 1.3 37.0
High 34.2 1.1 6.7 37.8 46.2 8.0 34.4
Subjective 5.3(0.03) 8.2 215 40.9 25.2 4.0 5.3(0.03)
social status
Mean (SE),
Proportion
(%)
Psychosocial stress
Not at all 12.2 5.3 16.6 38.2 31.8 7.8 9.5
Not very 28.1 6.9 15.3 41.2 32.4 4.0 29.0
A bit 42.6 6.1 23.8 44.7 23.0 2.2 41.0
Very 12.9 14.4 31.4 36.8 14.3 2.8 14.9
Extremely 4.0 26.3 259 22.5 14.5 10.5 5.4
Self-rated mental health
Poor 7.8 22.8 31.1 33.0 10.5 2.3 7.0
Fair 17.4 12.4 31.3 40.0 14.4 1.6 15.3
Good 31.9 5.7 22.2 44.6 24.7 2.6 331
Very good 26.4 5.2 16.4 42.6 30.8 4.8 28.7
Excellent 16.2 5.2 13.3 37.3 36.2 7.8 15.7
Self-rated general health
Poor 5.5 28.9 38.4 24.3 4.7 3.5 5.1
Fair 25.5 12.3 30.3 39.7 16.0 1.5 24.9
Good 45.5 5.0 20.4 45.8 26.0 2.5 47.0
Very good 18.2 4.0 11.1 41.0 38.0 5.7 19.3
Excellent 5.0 5.1 9.4 24.9 38.9 21.5 3.5
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Mexico
Subjective social status (weighted %) Subjective social status (weighted %)
Overall
1-2 3-4 5-6 7-8 9-10 n=4135 1-2 3-4 5-6 7-8 9-10
47.0(1.2) 47.8(0.7) 47.9(0.5) 49.3 47.8(1.7) 39.3(0.2) 37.8(2.1) 39.2 38.0 40.8 37.8
(0.6) 0.7) 0.4) (0.4) (1.2)
7.1 20.0 37.8 30.1 4.7 47.5 1.5 13.3 41.4 39.0 4.6
9.3 25.2 40.7 21.9 2.7 52.4 1.1 17.0 38.9 39.6 31
13.6 29.9 36.4 17.3 2.7 19.9 1.9 29.2 43.7 22.3 2.7
5.7 22.4 43.6 25.8 2.3 13.2 1.7 16.2 46.1 34.2 1.6
2.3 10.8 38.1 41.3 7.3 66.8 1.0 10.9 37.9 45.5 4.6
23.2 41.0 27.4 6.7 1.5 43.9 2d 24.8 44.4 26.9 1.5
31 23.6 51.9 20.2 0.9 38.7 0.5 8.5 42.9 44.7 3.2
1.1 6.8 35.6 48.0 8.2 17.2 0.6 5.6 23.3 59.5 10.8
8.2 22.6 39.3 26.0 3.7 5.0(0.03) 1.3 15.3 40.1 39.3 3.8
5.0 15.5 349 34.2 10.2 6.7 2.0 139 29.4 44.8 9.6
4.1 17.6 40.7 34.3 31 31.1 1.3 13.4 40.7 40.5 3.8
7.2 23.8 44.2 22.0 2.6 47.8 0.9 14.6 41.1 40.6 2.6
15.1 32.5 30.6 19.5 2.0 12.3 1.3 20.9 41.1 33.1 34
24.4 28.8 26.4 2.2 8.0 1.8 5.4 272 40.6 16.0 10.6
28.5 36.8 21.0 13.1 0.5 1.9 3.9 25.2 349 30.5 5.3
13.2 339 36.3 14.3 2.1 13.1 2.4 25.6 42.9 28.0 1.0
6.2 24.0 45.1 22.3 2.3 35.3 1.2 17.5 44.3 34.5 2.1
3.8 17.7 41.2 33.9 3.2 32.2 0.8 11.3 39.7 439 4.0
6.1 12.6 34.3 36.5 10.3 17.3 0.9 8.9 31.3 50.6 8.2
31.3 33.7 26.4 8.1 0.2 4.7 4.6 36.0 34.1 23.3 1.8
11.6 33.6 36.5 15.6 2.5 24.9 1.8 20.6 43.6 31.8 1.9
5.7 19.6 44.0 279 2.6 51.0 0.8 14.2 40.8 41.2 2.7
3.0 15.0 38.5 37.0 6.3 16.5 1.0 6.0 36.2 49.7 6.7
34 13.6 24.0 41.1 W77 216 0.9 3.0 33.2 41.3 21.4
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United Kingdom
Subjective social status (weighted %)
Overall
n = 5549 1-2 3-4 5-6 7-8 9-10

Age; mean (SE) 48.0(0.2)  46.4(0.8) 48.2(0.5) 48.0 (0.4) 49.2 (0.6) 40.2 (1.3)

Sex

Male 48.8 9.0 25.1 37.9 23.6 4.1
Female 51.1 10.2 30.0 40.6 17.6 1.4
Educational attainment
Low 48.5 13.8 31.1 37.4 15.8 1.7
Middle 23.0 8.2 30.2 41.6 17.6 2.3
High 28.3 3.8 19.9 40.9 30.5 4.6
Perceived income adequacy
Low 25.1 28.9 41.2 23.8 4.6 1.3
Middle 36.5 5.2 329 46.0 14.8 0.9
High 38.3 1.2 13.7 43.3 36.3 5.3
Subjective 5.5(0.03) 9.6 27.6 39.3 20.5 2.7
social status
Mean (SE),
Proportion (%)
Psychosocial stress
Not at all 12.9 6.1 22.2 38.0 29.8 3.6
Not very 26.5 3.9 24.3 44.2 25.3 2.0
A bit 42.4 8.8 28.5 41.4 19.1 1.9
Very 12.8 17.9 37.4 30.6 11.7 2.2
Extremely 5.3 33.3 27.7 22.3 7.4 9.1
Self-rated mental health
Poor 10.3 33.6 37.6 24.4 3.7 0.5
Fair 18.3 14.4 38.1 35.0 11.4 0.8
Good 29.2 5.7 27.7 45.9 18.7 19
Very good 25.3 3.5 22.7 42.0 27.9 3.7
Excellent 16.7 6.4 17.8 379 32.3 5.5

Self-rated general health

Poor 7.7 31.9 38.5 22.0 2 0.2
Fair 30.3 13.1 37.2 35.3 13.3 0.8
Good 40.2 6.1 24.7 45.4 21.8 1.8
Very good 16.9 3.1 16.5 40.3 34.1 5.7

Excellent 4.7 7.4 12.7 35.5 30.3 13.9
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United States
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Overall n = 4640
46.8 (0.2)

48.7
51.2

58.8
9.7
31.4

29.7
34.2
36.0
6.0 (0.03)

22
28.8
39.1
14.6
5.0

4.5

13.0
30.2
30.1
219

4.7
20.6
441
22.7
7.8

Subjective social status (weighted %)

1-2
479 (1.2)

6.3
7.0

9.2
6.8
1.8

17.9
3.1
0.6
6.6

53
4.0
5.7
10.0
2289,

23.0
12.9
5.3
4.8
4.1

26.6
12.6
4.7
2.1
252

3-4
47.1(0.6)

23.6
24.6

29.3
26.5
13.9

43.9
24.8
7.6

24.1

17.2
2.5
25.8
28.9
29.3

45.8
37.6
26.4
18.7
16.1

31.4
36.8
26.0
13.5
79.2

5-6
47.6 (0.4)

32.5
41.6

37.5
41.1
354

29.7
46.6
34.4
371

31.9
39.6
40.5
34.6
16.6

21.4
37.3
42.8
37.8
31.6

31.3
35.0
42.4
34.6
24.1

7-8
47.4(0.5)

27.7
20.7

17.2
22.0
37.4

6.2

IRY)
40.5
24.1

28.2
29.5
23.4
16.0
12.3

9.3
9.5
21.6
28.4
33.2

9.6

12.7
23.0
36.5
32.3

9-10
39.5(0.8)

9.7
5.9

6.6
11.3
11.3

2.0
3.5
16.6
7.8

17.2
5.2
4.4
10.3
18.7

0.3
2.4
3.7
10.1
14.8

0.9
2.6
3.6
13.1
33.1
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APPENDIX 3

Correlation matrix

Perceived Subjective
income Educational social Psychosocial General  Mental
Measures adequacy attainment status stress health health
Australia Perceived 1
income
adequacy
Educational 0.14* 1
attainment
Subjective 0.53* 0.22% 1
social
status
Psychosocial —0.28* 0.06* —0.19*% 1
stress
General health  0.29* 0.13* 0.34* —0.22% 1
Mental health 0.27* 0.03* 0.27* —0.46* 0.47* 1
Canada Perceived 1
income
adequacy
Educational 0.21* 1
attainment
Subjective 0.54* 0.30* 1
social
status
Psychosocial —0.34* 0.02 —0.22* 1
stress
General health ~ 0.30* 0.15* 0.32* —0.18* 1
Mental health 0.33* 0.07* 0.31* —0.43* 0.45* 1
Mexico Perceived 1
income
adequacy
Educational 0.12% 1
attainment
Subjective 0.35% 0.23* 1
social
status
Psychosocial —0.16* 0.03* —0.08* 1
stress
General health  0.24* 0.11* 0.24* —0.19*% 1

Mental health 0.23* 0.13* 0.22* —0.22*% 0.45* 1
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Perceived Subjective
income Educational social Psychosocial General  Mental
Measures adequacy attainment status stress health health
United Perceived 1
Kingdom income
adequacy
Educational 0.10* 1
attainment
Subjective 0.51* 0.23* 1
social
status
Psychosocial —0.32% 0.03* —0.21* 1
stress
General health  0.29* 0.13* 0.34* —0.19* 1
Mental health 0.36% 0.06* 0.35% —0.49* 0.49* 1
United States  Perceived 1
income
adequacy
Educational 0.21* 1
attainment
Subjective 0.53* 0.25* 1
social
status
Psychosocial —0.24* —0.01 —0.15% 1
stress
General health  0.32* 0.16* 0.40* —0.14* 1
Mental health 0.31* 0.12* 0.32% —0.39* 0.47* 1

* Bivariate correlation p < 0.05.

APPENDIX 4

Goodness of fit statistics

Fit statistic Australia Canada Mexico United Kingdom United States
RMSEA 0.068 0.074 0.027 0.080 0.054
CFI 0.982 0.978 0.995 0.976 0.987
TLI 0.912 0.892 0.974 0.880 0.937
SRMR 0.017 0.018 0.007 0.020 0.013

Abbreviations: CFI, comparative fit index; RMSEA, root mean square error of approximation; SRMSR, standardized root mean
square residuals; TLI, Tucker Lewis index.
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APPENDIX 5

Goodness of fit indices for measurement and structural
invariance models

Model without mediator Model with mediator

Parameter
constraints X?(df) CFI ACFI TLI RMSEA X?(dff CFI ACFI TLI RMSEA

Configural 288.90 0.973 _ 0.919 0.065 289.24  0.982 _ 0911 0.065
invariance 15) 15)
Metric 34591 0.968 0.005 0.924 0.063 345.69 0.979 0.003 0.917 0.063
invariance (19) (19)
Metric and _ _ _ _ _ 544.41 0968 0.011 0.957 0.045
structural (55)
invariance

Abbreviations: CFI, comparative fit index; RMSEA, root mean square error of approximation; TLI, Tucker Lewis index.

APPENDIX 6

Direct effects of sex and age on self-rated overall
health and psychosocial stress

Path Coefficient® (SE) p value
Sex -> self-rated overall health
Australia —0.011 (0.019) 0.560
Canada —0.026 (0.020) 0.200
Mexico —0.018 (0.020) 0.366
United Kingdom —0.027 (0.017) 0.115
United States —0.053 (0.019) 0.007
Age -> self-rated overall health
Australia 0.114 (0.020) <0.001
Canada 0.109 (0.021) <0.001
Mexico 0.127 (0.022) <0.001
United Kingdom 0.049 (0.021) 0.019
United States 0.103 (0.021) <0.001
Sex -> psychosocial stress
Australia 0.045 (0.016) 0.006
Canada 0.042 (0.164) 0.008
Mexico 0.074 (0.018) <0.001
United Kingdom 0.047 (0.015) 0.001

United States 0.046 (0.017) 0.007
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Path

Age -> psychosocial stress
Australia
Canada
Mexico
United Kingdom
United States

Abbreviation: SE, Standard error.

# Standardized coefficients.

SOCIOLOGY OF

Coefficient® (SE)

—0.255 (0.017)
—0.253 (0.018)
—0.168 (0.020)
—0.266 (0.016)
—0.222(0.017)

p value

<0.001
<0.001
<0.001
<0.001
<0.001
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