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Abstract

Background—The study was designed to provide evidence of a cascade effect linking
socioeconomic position to anthropometric indicators of cardiovascular disease (CVD) risk through
effects on psychosocial stress, psychological distress and health-related behaviours, and consider
implications for disease prevention and health promaotion.

Methods—A cross-sectional stratified two-stage probability sample of occupied housing units in
three areas of Detroit, Michigan, was used in the study. 919 adults aged >25 years completed the
survey (mean age 46.3; 53% annual household income <$20 000; 57% non-Hispanic black, 22%
Latino, 19% non-Hispanic white). Variables included self-report (eg, psychosocial stress, depressive
symptoms, health behaviours) and anthropometric measurements (eg, waist circumference, height,
weight). The main outcome variables were depressive symptoms, smoking status, physical activity,
body mass index and waist circumference.

Results—Income was inversely associated with depressive symptoms, likelihood of current
smoking, physical inactivity and waist circumference. These relationships were partly or fully
mediated by psychosocial stress. A suppressor effect of current smoking on the relationship between
depressive symptoms and waist circumference was found. Independent effects of psychosocial stress
and psychological distress on current smoking and waist circumference were found, above and
beyond the mediated pathways.

Conclusions—The results suggest that relatively modest improvements in the income of
economically disadvantaged people can set in motion a cascade of effects, simultaneously reducing
exposure to stressful life conditions, improving mental well-being, increasing health-promoting
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behaviours and reducing anthropometric risks associated with CVD. Such interventions offer
important opportunities to improve population health and reduce health disparities.

METHODS

Sample

Cardiovascular disease (CVD) is the largest contributor to all-cause mortality in the USA.
Despite declines over the past 30 years, socioeconomic and racial drsparrtles in CVD have
increased because of uneven changes across population subgroups. 12 persistent relationships
between socioeconomic position (SEP) and health over time have led to the development of
conceptual models that posit that SEP influences health by contributing to unequal exposures
to enwronments that erode health and unequal access to resources that promote or protect
health.3-

Substantial evidence links SEP with patterns of CVD morbidity and mortality. 15-9
Furthermore research has establlshed associations between SEP and psychosocial stress,

psychologlcal distress, 111314 pehavioural risks associated with CVD19-17 and
anthropometric risk factors for CVD. 618-20

Evidence from longitudinal studies su%gests that psychosocial indicators substantially mediate
long-term effects of SEP on health.221 potential pathways for mediation effects between SEP
and CVD include effects of psychosocial stress on depressed mood, 11142223 smoking, 24
physical mactrvrty?-4 and central adi osrt Depressrve symptoms have been associated
with smokrng, physical mactrvrty 9 and increased risk of cardiovascular mortality. 22

Building on this research, we examined evidence for a chain of effects that link SEP to CVD
risk through multiple pathways (fig 1), within a multiethnic urban sample. We first tested
associations between SEP and psychological distress (depressive symptoms), behavioural risk
factors (smoking, physical inactivity) and anthropometric risk factors for CVD (body mass
index (BMI), waist circumference) (fig 1, pathways 1a—c). Next, we considered evidence for
a cascade of effects, with SEP linked to psychological distress through exposure to
psychosocial stress (fig 1, pathway 2a-b); psychosocial distress influencing behavioural risk
factors (pathway 2c); and behavioural risk factors influencing anthropometric risk factors
(pathway 2d). Understanding the nature of this presumed causal chain is critical to the
development of effective interventions and policies to reduce socioeconomic disparities in
cardiovascular risk.

The relationships between SEP and CVD in the Detroit metropolitan area are similar to those
described above. Three-year age-adjusted heart disease mortality in Detroit, Michigan (2001-
2003), is over two times higher than in neighbouring Oakland County, where household
incomes are double and home values are triple those for Detroit (table 1). In 2000, 83% of the
population of Oakland County was white, whereas in Detroit 82% of the population was
African American.3°36 Therefore, African Americans disproportionately bear the increased
risk of CVD mortality experienced by Detroit residents. CVD mortality rates also vary within
Detroit. The 3-year age-adjusted average CVD mortality rate (2000-2002) in east Detroit was
523.9; in northwest Detroit, 395.3; and in southwest Detroit, 426.9.37

Data for this study were drawn from the Healthy Environments Partnership (HEP) community
survey, one component of a community-based participatory research study involving
academic, health care and community-based organisations in Detroit, I\/Iichigan.38 The
University of Michigan Institutional Review Board for Protection of Human Subjects approved
the HEP study in January 2001.
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The HEP survey is a stratified two-stage probability sample of occupied housing units, designed
for 1000 completed interviews with adults age >25 years across three areas of Detroit, allowing
for comparisons of residents of similar demographics across geographic areas of the city. The
final sample consisted of 919 face-to-face interviews: interviews were completed with 75% of
households in which an eligible respondent was identified and 55% of households with a known
or potential respondent.g’8 Although the proportion of missing data was very low for variables
used in this analysis, given the complex sample design used in the HEP survey data collection,
we used multiple imputation procedures derived from Bayesian models to impute missing
values39 using the %IMPUTE routine (SAS add-in Iveware software
http://www.isr.umich.edu/src/smp/ive/). This imputation enabled us to incorporate design-
based features (weight, strata and primary sampling unit) in our analysis, obtaining correct
standard error estimates and producing the correct confidence intervals for our comparison and
estimates 40-42

Dependent variables included psychological distress and behavioural and anthropometric
indicators of CVD risk. Psychological distress was assessed using the short form43 of the
Center for Epidemiologic Studies Depressive Symptoms (CES-D) scale?4 (Cronbach’s alpha,
0.65). Behavioural indicators included smoking (0 = never; 1 =former; 2 = current) and physical
activity constructed as a composite of minutes of moderate and vigorous physical activity per
week, divided into quintiles (1 = low; 5 = high). Results were similar for models using
continuous and categorical scalings of physical activity, so findings are presented using the
continuous version.

Anthropometric measures were calculated from objective measurements of height, weight and
measured waist circumference taken at the time of the interview. They included a continuous
indicator of BMI calculated as (weight in pounds)/ (height in inches)? x 703; and waist
circumference in centimetres. We tested categorical versions of waist circumference using
gender-specific cut points (88 cm/36 inches for women; 102 cm/40 inches for men) for high
and low risk, and BMI (<25, normal; 25-29, overweight; >30, obese). Results were similar
and findings for continuous versions are presented.

Other covariates included in the models were: age (years); gender (0 = male; 1 = female);
marital status (1 = not married; 0 = currently married); and number of people in the household.
Self-reported race and ethnicity were categorised as non-Hispanic black, non-Hispanic white
and Latino. Indicators of SEP were household income (<$10K, $10-19.9K, $20-34.9K, >
$35K) and education (<12 years, 12 years, >12 years).

We included four indicators of chronic psychosocial stress. Everyday unfair treatment?® is the
mean of five items that assess the frequency of experiences of unfair treatment such as poorer
service than other people in restaurants or stores, or being treated with less courtesy or respect
than other people, in the previous 12 months (Cronbach’s alpha, 0.77). Response categories
ranged from 1 = never to 5 = always.

An index of financial vulnerability was constructed as the mean of two items assessing financial
strain. Responses to “If you lost all your current sources of household income—your wages,
public assistance or other sources of income—how long could you continue to live at your
current address and standard of living?” were coded from 1 = >1 year to 5 = <1 month.
Responses to the second item, difficulty paying for basics such as food, housing, medical care
and heating, were coded from 1 = not difficult at all to 4 = very difficult, and rescaled to a five-
point item by multiplying by 5/4. The final mean of both items is a five-point index with 1 =
less financial vulnerability to 5 = more financial vulnerability.
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We included two indicators of chronic stressful neighbourhood conditions. Neighbourhood
social environment is a mean scale of six items assessing the frequency with which respondents
indicated that events such as gang activity, shootings or theft were a problem in their
neighbourhood. Response categories ranged from 1 = never to 5 = always (Cronbach’s alpha,
0.83). Neighbourhood physical environment is a mean scale of seven items assessing
agreement with statements such as, “houses in my neighbourhood are generally well
maintained” (reverse coded) and “there is air pollution like diesel from trucks or pollution from
factories or incinerators in my neighbourhood”. Response categories ranged from 1 = strongly
disagree to 5 = strongly agree (Cronbach’s alpha, 0.69).

Two indicators of acute stressful life events were included. Acute unfair treatment®® is a
dichotomous variable indicating whether the respondent reported any of seven experiences
with acute unfair treatment (eg, unfair treatment concerning work, treated unfairly by police
or immigration officials) in the past year (0 = none; 1 = one or more). Acute life events is a
dichotomous variable indicating whether the respondent reported any of nine major life events
in the past year (0 = none; 1 = one or more). Examples of scale items include death of a loved
one, and family member or close friend with major illness or injury.

ANALYSIS

RESULTS

We used multinomial regression models for categorical dependent variables,46 and ordinary
least squares regression techniques for continuous outcomes. Model 1 tests the hypothesis that
SEP predicts variations in each dependent variable, above and beyond the effects of
demographic control variables. In addition, in order to explicitly test the hypothesis that
indicators of psychosocial stress mediate relationships between SEP and indicators of CVD
risk, we test relationships between SEP and each indicator of psychosocial stress.4” Model 2
tests the contributions of indicators of chronic and acute stress to psychological, behavioural
and anthropometric CVD risk factors. Model 3 tests the contribution of psychological distress
to models predicting behavioural and anthropometric indicators of CVD risk. Model 4 tests
the contribution of behavioural risk factors to anthropometric indicators of CVD risk. All
models are adjusted for sample weights for unequal probabilities of selection within each
stratum and to match the sample to Census 2000 population distributions for the study areas.

Descriptive statistics illustrating study variables adjusted for the sample weights are shown in
table 2. Participants’ mean age was 46 years, 52% were women (632 unweighted cases), 26%
were currently married and 57% were non-Hispanic black, 22% Latino and 19% non-Hispanic
white. One-third (33%) reported education beyond high school and 23% reported annual
household incomes of >$35K. Thirty-seven per cent reported that they currently smoked, 24%
never engaged in physical activity, mean BMI was 31, and mean waist circumference was 98
centimetres (about 39 inches). Results from tests for multicollinearity among the independent
variables showed variance inflation factors of 1.3-1.6, well below the cut point of 4.0
commonly considered indicative of multicollinearity. Similarly, tolerances ranged from 0.61
to 0.76, comfortably above the levels of <0.20 considered to be indicative of multicollinearity.

Results presented in table 3 provide partial support for our hypothesis that SEP is associated
with multiple CVD risk factors. Household income <$10K was positively associated with
depressive symptoms (p<0.001), current smoking (p = 0.05), physical inactivity (p<0.05) and
waist circumference (p<0.05). Income $10-19K was also positively associated with depressive
symptoms (p<0.01). Relationships between income and BMI were in the expected direction
but not statistically significant.
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Participants who had completed high school were more likely than those with some college to
report current smoking (p<0.01), and those with less than a high school education were less
likely to report physical activity (p<0.05). A significant association between <12 years of
education and depressive symptoms when income was not included in the model (results not
shown) was no longer significant when income was included in model 1. Coefficients for
relationships between education and psychosocial stressors and anthropometric indicators were
not statistically significant.

Results shown in model 2 (table 3) indicate that psychosocial stressors are associated with four
of the five CVD risk factors examined here. Everyday (p<0.001) and acute (p<0.05) unfair
treatment, financial vulnerability (p<0.05), neighbourhood social environment (p<0.001) and
acute life events (p<0.001) are each significantly associated with symptoms of depression.
Regression coefficients for relationships between income and depressive symptoms were
reduced by 32% (income <$10K) and 21% (income $10-19.9K), but remained statistically
significant. Model 2 accounted for three times the proportion of variance in depressive
symptoms explained in model 1 (28% versus 9%).

Indicators of financial vulnerability (p<0.05), neighbourhood physical environment (p<0.05),
and acute life events (p<0.05) were significantly associated with current smoking. The
inclusion of psychosocial stressors reduced the association between income <$10K and current
smoking to non-significance, and the amount of variance explained by the model increased
significantly (p = 0.01).

Financial vulnerability (p<0.01) and acute unfair treatment (p<0.05) were significantly and
negatively associated with level of physical activity. The inclusion of psychosocial stressors
in model 2 reduced the relationship between income <$10K and physical activity to non-
significance, and between education below high school and physical activity by 21% (p<0.05),
and increased the amount of variation explained significantly (p<.01). Finally, acute life events
was significantly associated with waist circumference (p<0.01) and reduced the relationship
between income <$10K and waist circumference in model 1 to non-significance.

To test the hypothesis that indicators of psychosocial stress mediate relationships between SEP
and symptoms of depression, smoking, physical activity and waist circumference, we examined
relationships between indicators of psychosocial stress, income and education. After
controlling for other demographic variables, we found no relationship between education and
any of the indicators of psychosocial stress considered in these models (results not shown).
Household income was significantly associated with financial vulnerability and acute life
events (table 4). Combined with results shown in table 3, these findings provide evidence that
is consistent with the hypothesis that relationships between income and symptoms of
depression, current smoking, physical activity and waist circumference are partially or fully
mediated through the effects of income on financial vulnerability and acute life events as
indicators of psychosocial stress.

Results from table 3 (model 1) and table 4 are summarised in figure 2. Education, net of income,
affects mainly smoking and physical activity, whereas income affects depressive symptoms
and waist circumference in addition to smoking and physical activity. Overall, income is a
more consequential risk factor for CVD in this population. Results shown in table 3 (model 2)
indicate that relationships between income and four of the five indicators of CVD risk are at
least partially mediated through increased levels of financial vulnerability and acute life events.
Several additional indicators of psychosocial stress make significant independent contributions
to the dependent variables, but we did not find evidence that they mediate relationships between
SEP and indicators of CVD risk in this sample.
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Symptoms of depression and behavioural and anthropometric risk factors

Table 5 shows results from analyses testing the contributions of depressive symptoms (model
3); and behavioural risk factors (model 4).

Results shown for model 3 indicate that depressive symptoms are significantly associated with
current smoking (p<0.001) and waist circumference (p<0.05), but not physical activity or BMI,
although the latter coefficients are in the expected direction. The inclusion of depressive
symptoms in model 3 significantly improves the fit of the models for both current smoking
(p<0.01) and waist circumference (p<0.05), indicating that depressive symptoms contribute
independently to the explanatory value for these dependent variables. For each unit increase
in depressive symptoms, there was a 2.97 cm increase in waist circumference.

Results for model 4 indicate significant negative associations between current smoking and
both BMI (p<0.001) and waist circumference (p<0.01). Relationships between physical
activity and BMI and waist circumference were in the expected direction but were not
statistically significant. The size of the coefficient for depressive symptoms increased from
0.51 to 0.96 for BMI (n.s.) and from 2.97 to 3.71 (p<0.05) for waist circumference. This
suppression effect?” occurred because the direct effects of depressive symptoms on waist
circumference were positive whereas the mediated effects (through probability of current
smoking) were negative, so the full effects of depressive symptoms on waist circumference
were not visible until the effect of current smoking was controlled. The addition of behavioural
predictors in model 4 increased the overall explained variance for BMI from 0.02 to 0.07
(p<0.001) and for waist circumference from 0.06 to 0.09 (p<0.01). Findings from table 3 (model
2) and table 4 are summarised in figure 3.

DISCUSSION

Limitations

The results presented here are generally consistent with our hypothesised pathways linking
SEP to CVD risk. As shown in figure 2, household income is significantly associated with four
of the five CVD risk factors examined, and education is independently associated with two of
the five. Overall, in this multiethnic, low—-moderate income urban sample, income is a more
substantial risk factor for CVD than education.

The findings presented in tables 3-5 and illustrated in figure 3 are generally consistent with
the cascade of effects hypothesised. Psychosocial stress partially mediates relationships
between income and psychological distress (2a—2b), psychological distress partially mediates
relationships between psychosocial stress and behavioural risks (2b—2c) and current smoking
suppresses (a form of mediation effect47) relationships between psychological distress and
waist circumference (2c-2d).

We also find evidence of independent effects of psychosocial stress and psychological distress
on current smoking and waist circumference, above and beyond the mediation effects described
above. Specifically, psychosocial stress is associated with current smoking (3a) above and
beyond effects mediated through psychological distress; and psychosocial stress (3b) and
psychological distress (3c) are each associated with waist circumference, beyond effects
mediated through current smoking. Thus, our final model suggests both mediating and
cumulative effects of multiple factors.

There are several limitations of the analyses reported here. The data are cross-sectional, and
hence we cannot test the causal nature of associations between variables. Our models posit a
primary direction of association, with low SEP associated with higher levels of psychosocial
stress and psychological distress, contributing to heightened risk of smoking, physical
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inactivity and obesit 3/ The hypothesised direction of effects is supported by a substantial
literature, 25-274849 1t jt i also reasonable to expect some reciprocal effects (eg, depressive
symptoms may predict obesity, but those who are obese may also be at increased risk of
depressed mood). An important consideration for future analyses will be the availability of
longitudinal data to further disentangle the direction and relative contributions of these effects.

The use of self-reported data for behavioural indicators used in this analysis is also a limitation.
The reliability and validity of self-reports of current smoking and levels of physical activity
may be influenced by memory, social acceptability or perceived stigma associated with these
behaviours. These limitations would tend to bias results in the direction of underestimating
effects. The measures included in these models are a subset of those that might influence CVD
risk—other measures such as dietary practices should be incorporated in future analyses.

This study draws on data from an urban sample with a circumscribed range of household
income: 80% of study participants reported annual household incomes <$35 000, with >50%
reporting incomes <$20 000. Failure to find a statistically significant relationship between
income and BMI, contrary to much of the literature in this area, may reflect the limited range
of income in our sample, and also the known weaker relationship of income to BMI among
racial/ethnic minority groups. For similar reasons, findings reported here may also
underestimate relationships between income and our other indicators of cardiovascular risk.

We found modest evidence for independent effects of education, above and beyond the effects
of household income. This finding may reflect the relative lack of variation in levels of
education at the upper end of the educational spectrum (just 7% of participants reported
completion of >4 years of college). It may also reflect the relatively smaller improvements in
social and economic status realised by African Americans, who make up 57% of our sample,
compared with whites with similar educational attainments.50-52 To the extent that
relationships between education and health-related behaviours or anthropometric indicators
operate through improved access to resources, residents of communities such as Detroit, with
reduced structural access to economic, health and social resources, may realise fewer benefits
from education than their counterparts in more affluent neighbourhoods. Future analyses
should attempt to disentangle these individual and neighbourhood-level pathways through, for
example, hierarchical linear modelling techniques.

Despite these limitations, findings presented here are consistent with evidence from cross-
sectional and longitudinal studies that suggest that low SEP is associated with increased
exposure to multiple risk factors for CVD. Furthermore, our results are consistent with
conceptual models linking household income to cardiovascular risk through exposure to
stressful life conditions, with subsequent effects on psychological distress and behavioural and
anthropometric indicators.

These findings also highlight the complexity of risk. Several indicators of psychosocial stress
included in our models were significantly associated with indicators of cardiovascular risk, but
were not significantly associated with SEP in this sample. Everyday and acute unfair treatment
have been previously demonstrated to be significantly associated with race, 5354 and may be
one pathway through which racial disparities in cardiovascular risk occur independently of the
well-established association of race and income in the US.355 Furthermore, measures of social
and physical environment stress associated with some indicators of CVD risk were not
significantly associated with household income in this sample, suggesting the need to better
understand predictors of these stressors and their contributions to CVD risk. Such measures
may be more reflective of neighbourhood-level economic inequalities not captured in this
analysis, but demonstrated in previous studies to be associated with the unequal distribution
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of cardiovascular risk.2® Our results are consistent with models that position smoking as an
intermediary within a chain of events linking low SEP to CVD through stressful life conditions
and depressive symptoms. Smoking as a behavioural response to stress associated with low
SEP appears to partially suppress associations between depressive symptoms and
anthropometric indicators of risk. Until we account for the negative association between
smoking and waist circumference, the relationship between depressive symptoms and waist
circumference is partially obscured. These findings suggest the importance of understanding
smoking behaviour as emerging within particular socioeconomic contexts associated with
heightened stress and depressive symptoms. Interventions that focus solely on smoking without
addressing associated economic and social inequalities address only one aspect of the
multifaceted pathways linking unequal social positions to unequal risk of CvD.5657

These results add weight to arguments regarding the importance of addressing social
inequalities as a means to reduce health disparities.?’458 The finding that low income increases
multiple risk factors in this sample with a relatively circumscribed range of household income
suggests that even modest improvements in economic circumstances may contribute to
population-level reductions in CVD risk. Interventions at more fundamental levels can set in
motion a cascade of effects, including reduced exposure to stressful life conditions and
improved mental well-being, with implications for multiple more proximate CVD risk factors.
Such interventions offer important opportunities to improve population-level health and quality
of life by reducing and eventually eliminating socioeconomic inequalities in health.

What is already known on this subject

The risk of cardiovascular disease (CVD), the largest contributor to all-cause mortality in
the USA, varies by socioeconomic position (SEP). In addition, SEP is associated with
multiple established risk factors for CVD.

What this study adds

We have drawn on a multiethnic sample from Detroit, Michigan, to test hypotheses linking
SEP to CVD risk through a progression of effects that include exposure to stressful life
conditions, psychological distress, behavioural risk factors and anthropometric indicators
of CVD risk. Our results provide support for conceptual models that posit that SEP
influences CVD risk in part through behavioural and anthropometric responses to
psychosocial stress and distress.

Policy implications

These models and results suggest that interventions that improve the socioeconomic
position of economically disadvantaged people can set in motion a cascade of effects,
including reductions in exposure to stressful life conditions, improved mental well-being,
increased physical activity, reductions in smoking, and reduced anthropometric risks
associated with CVD.
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e Household income
e Education
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2a

1a 1b

Psychosocial stress

e Financial stress
e Everyday unfair treatment

e Neighbourhood social env.
e Neighbourhood phys. env.

e Acute unfair treatment
¢ Acute life events

2b

Psychological distress | o¢ Behavioural risk factors

e Depressive symptoms e Smoking

e Physical inactivity

2d

Anthropometric risk factors

« BMI
e Waist circumference

Aim 1: Test associations between SEP and multiple risk factors for CVD.
Aim 2: Test for pathways linking SEP to risk factors for CVD.

Figure 1.

Conceptual model of pathways linking socioeconomic position, psychosocial stress,
psychological distress and behavioural and anthropometric cardiovascular risk factors. BMI,
body mass index; CVD, cardiovascular disease; SEP, socioeconomic position.
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2a
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Psychosocial stress

e Financial vulnerability
e Acute life events

Figure 2.

Psychological distress
e Symptoms of depression

1b

1c

Behavioural risk factors

e Current smoking
e Physical inactivity

Anthropometric risk factors
e Waist circumference

1b

[Education |

Relationships between income and education, and psychosocial stress, psychosocial distress,
behavioural and anthropometric risk factors (summary of results shown in table 3, model 1 and

table 4). (Further details available online.)
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2c

e Financial vulnerability
e Acute life events

3b

Behavioural risk*
e Current smoking

2d

Anthropometric risk

e Waist circumference

Figure 3.

Relational pathways between income, psychosocial stress, psychological distress, current
smoking, physical inactivity and waist circumference (summary of results shown in tables 3-5).
(Further details available online.)
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Table 1
Median household income, median home value and age-adjusted 3-year average mortality due to heart disease for
Detroit City, Oakland County and Michigan

Median household Median owner-occupied 3-year age-adjusted mortality due
income 1999 home value to heart disease (2001-3)
Detroit City $29 52630 $63 60030 402.132
Oakland County 6190731 181 20031 240.6%3
Michigan 4466734 115 60034 262.8%3
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