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a b s t r a c t

Rationale: The association between life course socioeconomic position (SEP) and subclinical athero-
sclerosis is not consistent across studies. Socioeconomic adversities early in life are related to an
increased probability of a low occupational grade and more stressful jobs in adulthood. However, the role
of job stress in explaining the life course social gradient in subclinical atherosclerosis is unknown.
Objectives: To examine whether life course SEP is associated with carotid intima-media thickness (IMT)
and to investigate whether this association is partially mediated by job stress.
Methods: This study used baseline data (2008e2010) for 8806 current workers from ELSAeBrasil.
Maternal education, social class of first occupation and social class of current occupation were used to
evaluate childhood, youth and adulthood SEP, respectively. Accumulation of risk across the life course
was also evaluated. Job stress was assessed by the Swedish DemandeControleSupport Questionnaire.
Directed acyclic graph and linear regression models were used.
Results: Low childhood SEP was associated with increased IMT only in women, but low youth and
adulthood SEP were associated with higher IMT in both genders. The simultaneous adjustment for all SEP
indicators showed that only adulthood SEP continued to be associated with IMT. However, higher IMT
values were observed among men and women sequentially exposed to low SEP in more than one period
of life. High-strain jobs and low job control were not associated with IMT independent of SEP.
Conclusion: Our results support a model of the cumulative effects of exposures to SEP across the life span
because the highest IMT values were observed in individuals sequentially exposed to low SEP in more
than one period of life. We did not find that job stress explained the association between life course SEP
and IMT, suggesting that strategies to address socioeconomic inequalities in CVD should target additional
steps beyond reducing job stress.

© 2015 Elsevier Ltd. All rights reserved.
Barreto).
1. Introduction

Socioeconomic position (SEP) is robustly inversely associated
with cardiovascular disease (CVD) (Harper et al., 2011). Evidence is
also accumulating for an important role of SEP in promoting early
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manifestations of subclinical atherosclerosis (Lamont et al., 2000;
Rosvall et al., 2002; Lemelin et al., 2009), suggesting a possible
mechanism connecting SEP and CVD. For the most part, previous
studies have used only current measures of SEP, which may not
provide a complete picture of the social patterning of subclinical
atherosclerosis because it is known the atherosclerotic process
begins even in childhood (Stary, 2000).

The few studies that have investigated the association between
exposures to social adversities in childhood and subclinical
atherosclerosis have been inconsistent. Lower parental SEP was
associated with higher subclinical atherosclerosis in some studies
(Lamont et al., 2000; Rosvall et al., 2002; Lemelin et al., 2009), but
not in others (Kivim€aki et al., 2005; Agha et al., 2011). In addition,
some researchers found an association only amongwomen (Rosvall
et al., 2002; Lemelin et al., 2009). There is also evidence that cu-
mulative socioeconomic disadvantage across the life course can
promote subclinical atherosclerosis (Rosvall et al., 2002; Agha et al.,
2011; Carson et al., 2007), but in other studies, this association was
found only among men (Agha et al., 2011) or only among women
(Rosvall et al., 2002).

A number of mechanisms have been put forward to account for
the association between early SEP and atherosclerosis in adulthood.
It is possible that low SEP in early life could promote atherosclerosis
only because it leads to lower adulthood SEP. However, evidence is
also accumulating for a more fundamental role of socioeconomic
adversity in early life because this exposure could prompt epige-
netic modifications affecting the transcription of the glucocorticoid
receptor, leading to glucocorticoid resistance. This phenotype may
deregulate the neuroendocrine feedback governed by the hypo-
thalamicepituitaryeadrenal axis (HPA), leading to an elevated
secretion of cortisol and inflammatory markers (Miller et al., 2011).
As atherosclerosis is considered an inflammatory disease, this pro-
inflammatory phenotype could exert an important role in the
causal mechanism between early SEP and the atherosclerotic pro-
cess. In fact, many observational studies have reported that child-
hood SEP is associated with chronic inflammation in adulthood
(Camelo et al., 2014; Loucks et al., 2010).

Social adversities in early life are also associated with stressors
such as crowding, growing up in poor neighborhoods, experiences
of childhood trauma and abuse, and discrimination (Cohen et al.,
2010). Following the theory of allostatic load (McEwen, 2012), all
of these sources of stress together could also lead to long-term
effects resulting in prolonged activation of the allostatic systems,
which leads to physiological alterations in the nervous, endocrine
and immune systems (McEwen, 2012; Danese and McEwen, 2013).
All of these modifications could promote chronic diseases such as
atherosclerosis or might cause proximal risk factors for athero-
sclerosis such as hypertension, diabetes and obesity. Moreover,
chronic stress throughout life could also increase the probability
that individuals will engage in health-risk behaviors (e.g., un-
healthy diet, smoking and excessive alcohol consumption) because
these behaviors are often used by individuals as a mechanism to
cope with stress (McEwen, 2012; Danese and McEwen, 2013).

In observational studies, the association between childhood SEP
and subclinical atherosclerosis seems to be mediated by adulthood
SEP, health-related behaviors and proximal risk factors for cardio-
vascular disease such as diabetes, hypertension and obesity; how-
ever, in some studies, the gradient remained after adjustment for
those variables (Lamont et al., 2000; Lemelin et al., 2009; Carson
et al., 2007), suggesting that additional pathways (e.g., stress)
might play a role. In 1997, using data from the Whitehall II study,
Marmot and colleagues reported that job control explained the
excess risk of coronary heart disease for approximately 64% of men
and 51% of women across occupational grades in the British civil
service cohort (Marmot et al., 1997). According to these findings,
job stress would also act as a mediator in the association between
life course SEP and atherosclerosis because socioeconomic adver-
sities in childhood, youth and early adulthood are related to an
increased probability of having a low occupational grade and more
stressful jobs in adulthood. However, little is known about the
potential role of job stress in explaining the life course social
gradient in subclinical markers of atherosclerosis, especially in
upperemiddle income countries such as Brazil.

Brazilian society has faced great economic and demographic
changes in recent decades. Since 2001, the Gini index has been
falling continuously (Instituto Brasileiro de Geografia e Estatística,
2012). In addition, the incomes of the poor have risen substan-
tially, resulting in a decline in levels of poverty andmisery. Thus, an
important fraction of the population has experienced recent up-
ward socioeconomic mobility, reflecting balanced economic
growth, increases in the minimum wage, improvements in the la-
bor market (such as declining unemployment and informal work)
and anti-poverty policies such as cash transfer programs (Antigo
and Machado, 2013; Kiggundu, 2012).

Despite these improvements, Brazil still has one of the highest
inequalities in income distribution in the world, and this setting
affects the burden of CVD. Findings from the National Household
Survey in 2008 showed that the prevalence of self-reported di-
agnoses of heart disease and hypertension were approximately
three times higher in individuals with 3 years of education or less
compared to those with 11 years of education or more (Barros et al.,
2011). In Porto Alegre, a large Brazilian city, 45% of premature CVD
deaths were attributed to socioeconomic inequality (Bassanesi
et al., 2008), and an ecological study performed with data for 98
Brazilian municipalities showed that death rates from premature
CVD decreased by approximately 3.25 per 100,000 inhabitants for
each 1% increase in the proportion of adults with high education
levels (Ishitani et al., 2006). In addition, in S~ao Paulo, the most
populous city in Brazil, the trend of decline in deaths due to heart
diseases from 1996 to 2010 was less pronounced among individuals
living in the poorest area compared to those living in other areas
(Lotufo et al., 2013).

Accordingly, using baseline data from the Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil), we examined whether life
course SEP was related to carotid intima-media thickness (IMT), a
surrogate marker of atherosclerosis. In addition, we tested the hy-
pothesis that job stress can partially account for the life course
socioeconomic gradient of IMT.

2. Materials and methods

2.1. Data source and study population

This study used baseline data from ELSA-Brasil (2008e2010), a
multicenter cohort study of 15,105 civil servants (comprising
12,096 current workers and 3009 retired workers) of both genders,
between 35 and 74 years of age, and enrolled in 5 universities and 1
research institute in six Brazilian states (S~ao Paulo, Minas Gerais,
Rio Grande do Sul, Bahia, Espírito Santo, and Rio de Janeiro). The
ELSA-Brasil cohort comprises voluntary participants, and efforts
were made to recruit similar proportions of men and women, as
well as predefined proportions of age groups and occupational
categories. More details about the study design, selection criteria
and recruitment methods can be found elsewhere (Aquino et al.,
2012). The baseline examination included a face-to-face interview
and clinical, laboratory and anthropometric examinations. ELSA-
Brasil protocol was approved at each of the six study centers by
the local Institutional Review Board addressing research in human
participants. Written informed consent was provided by all
participants.
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For the current analyses, from the 15,105 participants in ELSA-
Brasil baseline, we excluded retired workers (n ¼ 3009) because
the job stress scale only applied to current workers. We also
excluded current workers with missing data in the job control or
job demand subscales of the job stress scale (n ¼ 32) and partici-
pants who either did not undergo IMTmeasurements or whose IMT
image did not achieve the adequate quality (n ¼ 3258). Thus, our
final analytic sample comprised 8806 participants (73% of the
current workers in ELSA-Brasil).

2.2. Study variables

2.2.1. Carotid IMT
The ultrasound protocol to measure carotid IMT in the ELSA-

Brasil study was described previously (Santos et al., 2014). Images
of the common carotid artery were acquired within a region free of
plaque in the outer wall of a pre-defined carotid segment of 1 cm in
length from 1 cm below the carotid bifurcation during three cardiac
cycles using a device (Aplio XG(tm), Toshiba) with a 7.5 MHz linear
transducer. The images were collected and recorded at study sites
and then sent to the centralized reading center in S~ao Paulo for
analysis using MIA™, an automated computer program. The IMT
measurements were summarized as the minimum, maximum, and
mean values of each common carotid artery (right and left). In this
analysis, the IMTwas defined as themean of the right and left mean
values (mean�mean).

2.2.2. Job stress
Job stress was evaluated using the Brazilian version of the

Swedish DemandeControleSupport Questionnaire (DCSQ), which
is based on the Job Content Questionnaire (Karasek, 1979). The
DCSQ has three subscales (demand, control and support), but in this
paper, we used only the demand and control dimensions. The
psychological demands subscale comprises five items, four of
which measure the pace and intensity of work, and one of which
evaluates the occurrence of conflicting demands. The control sub-
scale comprises six items, of which four evaluate skill discretion
and two measure decision authority. All items were answered and
scored on a 4-point Likert-scale ranging from 1 (often) to 4 (never/
almost never). The responses to each item were summed, with
higher scores in the psychological demands (range from 5 to 20
points) and control subscales (range from 6 to 24 points) indicating
higher levels of demand and control, respectively.

To define job strain following the Karasek's DemandeControl
model (Karasek, 1979), the scores of the demand and control sub-
scales were dichotomized in low (�median) versus high (>median).
Then, we created a variable to classify the participants into four
mutually exclusive groups to express the relationship between job
demand and job control: low strain work (low demand/high con-
trol), passive work (low demand/low control), active work (high
demand/high control), and high strain work (high demand/low
control). We also evaluated the continuous scores for the demand
and control dimensions separately.

2.2.3. Life course SEP indicators
Adulthood SEP was evaluated based on the social class of the

current occupation, a summary measure based on three aspects:
the current occupation held by the participant, the expected in-
come based on the education level (average market value), and the
observed income. First, the socioeconomic status was estimated
using the mean between the expected and observed income for
each participant. Second, for each occupational title, the mean
score of the socioeconomic status of individuals was estimated to
obtain the occupational socioeconomic status. Then, using these
occupational socioeconomic status scores, strata grouping was
defined to achieve a minimum intra-stratum variance of the values
of the scores and a maximum variation between the strata. Thus,
these scores were categorized into 7 levels (high-upper, highelow,
middleeupper, middleemiddle, middleelow, lowehigh and
lowelow).

Youth SEP was measured based on the social class of the
first occupation, which was obtained using the same approach
used to obtain the social class of the current occupation but based
on the first job held by the participant. For the current analysis,
both measures of social class were summarized in three categories:
high (high-upper and highelow), middle (middleeupper, mid-
dleemiddle and middleelow), and low (lowehigh and lowelow).

Childhood SEP was evaluated based on maternal education, and
it was assessed retrospectively by self-report of years of schooling
using the question What is your mother's educational level? The
responses to this question were categorized into four groups: �11,
8e10, 1e7, and 0 years of study.

To indicate the accumulation of risk during the life course, a
cumulative SEP score was generated; these scores ranged between
zero and six (higher values reflect a lower life course SEP) and
included maternal education (�11 years of study¼ 0; 1e10 years of
study ¼ 1; 0 years of study ¼ 2), social class of first occupation
(high ¼ 0; middle ¼ 1; low ¼ 2) and social class of current occu-
pation (high ¼ 0; middle ¼ 1; low ¼ 2). Among men, this score
ranged from zero to four because maternal education was not
associated with IMT in the minimally adjusted model in men.

2.2.4. Other sociodemographic variables
Three demographic characteristics were assessed as covariates:

gender, age, and race, with categories used in the Brazilian Census
(White, Brown, Black, other).

2.3. Data analysis

All analyses were conducted separately for men and women
because results from previous studies have suggested differences in
the associations of interest by gender. We generated descriptive
characteristics of the analytic sample. In addition, we performed a
comparison between the current workers included in this analysis
and those excluded using chi-square tests to compare categorical
variables, Wilcoxon rank-sum tests to compare medians and t-tests
to compare means. We estimated the prevalence of each category
of job strain by Karasek's model and low control (�median) and
high demand (>median) according to the level of life course SEP.
Chi-square tests were performed on group differences. All
descriptive analyses were performed using complete case analysis.

We constructed a directed acyclic graph (DAG) of proposed as-
sociations between life course socioeconomic position and sub-
clinical atherosclerosis (IMT) in adulthood to guide our analyses
(Fig. 1). Following this DAG, to investigate the mediating role of job
strain on the association between life course SEP and IMT, we could
not condition on health-related behaviors or markers of metabolic,
endocrine and immune dysregulation because all of these variables
are colliders (i.e., their inclusion in the regression would induce
bias) (VanderWeele and Robins, 2007).

Linear regression models were performed with IMT as the
outcome of interest. First, we assessed the association of age and
race with IMT. Second, we evaluated the association of job stress
and each life course SEP indicator with IMT adjusted by age and
race. We also examined the association between SEP indicators and
IMT, including all SEP indicators simultaneously in themodel. Then,
we separately added into this model the job characteristics that
were statistically associated with IMT and were also associated
with SEP (according to the chi-square tests) to evaluate the medi-
ating role of job stress. In addition, we evaluated the association



Fig. 1. A directed acyclic graph (DAG) showing the association between life course socioeconomic position and subclinical atherosclerosis in adulthood.

Table 1
Descriptive characteristics of the sample and comparison with current workers of
ELSA-Brasil excluded from this analysis. Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil), 2008e2010.

Characteristicsa Included
N ¼ 8806b

Excluded
N ¼ 3290b

Age (years), %
35e44 2471 (28.1) 866 (26.3)
45e54 4173 (47.4) 1588 (48.3)
55e64 1982 (22.5) 755 (23.0)
65e72 180 (2.0) 81 (2.5)

P-valuec ¼ 0.161
Sex, %
Men 4077 (46.3) 1703 (51.8)
Women 4729 (53.7) 1587 (48.2)

P-valuec < 0.001
Race, %
White 4762 (54.6) 1323 (40.9)
Brown 2302 (26.4) 1198 (37.0)
Black 1336 (15.3) 619 (19.1)
Other 319 (3.7) 96 (3.0)

P-valuec < 0.001
Maternal education(years of study), %
�11 2042 (23.7) 900 (28.1)
8e10 1697 (19.7) 619 (19.3)
1e7 3733 (43.2) 1322 (41.3)
0 1164 (13.5) 362 (11.3)

P-valuec < 0.001
Social Class of first occupation, %
High 503 (6.7) 226 (8.2)
Middle 2440 (32.5) 871 (31.6)
Low 4561 (60.8) 1658 (60.2)

P-valuec ¼ 0.030
Age at first job, (years), mean (SD) 17.2 17.7

P-valuec < 0.001
Social class of current occupation, %
High 2647 (30.5) 1099 (33.8)
Middle 3871 (44.6) 1534 (47.2)
Low 2162 (24.9) 619 (19.0)

P-valuec < 0.001
Job control, median (IQR) 18 (16e20) 18 (16e20)

P-valuec ¼ 0.596
Job demand, median (IQR) 14 (11e15) 14 (11e15)

P-valuec ¼ 0.481
Job strain by Karasek's model, %
Low strain 2111 (24.0) 753 (23.1)
Passive 2934 (33.3) 1072 (32.9)
Active 1896 (21.5) 742 (22.8)
High strain 1865 (21.2) 691 (21.2)

P-valuec ¼ 0.467

a N (%) or mean (Standard Deviation e SD) or median (Interquartile Range e IQR).
b Differences in total N for each variable are due to missing values.
c Chi-square test was used to compare groups in categorical variable, Wilcoxon

rank-sum test was used to comparemedians and T-test was used to comparemeans.

L.V. Camelo et al. / Social Science & Medicine 141 (2015) 91e9994
between cumulative SEP score and IMT adjusted by age and race,
and thenwe also separately added the job characteristics that were
statistically associated with IMT and SEP indicators to evaluate the
mediating role of job stress in this association. Regression co-
efficients b and their 95% confidence intervals (CI) were reported,
and they represent the difference in IMT in millimeters (mm).

The significance level was set at 0.05, and all analyses were
conducted using the software Stata 13.0 (Stata Corporation, College
Station, TX, United States).

2.3.1. Missing data
We performed multivariate imputation by chained equations

withmissing-at-random assumptions (White et al., 2011) to impute
the explanatory variables for missing data (race: n ¼ 87; maternal
education: n ¼ 170: social class of first occupation: n ¼ 1302; social
class of current occupation: n ¼ 126). Twenty copies of the data,
with the missing values properly imputed, were independently
assessed in multivariate linear regression models. Estimates of b
coefficients were averaged across the 20 copies to give a single
mean estimate, and standard errors were adjusted according to
Rubin's rules (White et al., 2011). The variables in the imputed
model were age, race, sex, maternal education, social class of first
occupation, social class of current occupation, job stress by Kar-
asek's model, IMT, and participant's own education. Sensitivity
analyses conducted in the complete cases analysis without impu-
tation yielded largely similar results.

3. Results

Descriptive characteristics of the analytical sample and com-
parison with current workers in ELSA-Brasil excluded from the
analysis are presented in Table 1. The mean IMT was 0.887 mm, and
on average, men presented a higher IMT than women (0.921 mm
versus 0.858 mm, p < 0.001). Overall, participants with a lower SEP
in different stages of life had a higher prevalence of passive work,
high-strain jobs, and low job control. On the other hand, higher
prevalences of low-strain jobs, active work and high demand were
found in individuals with a higher life course SEP (Table 2).

In both genders, IMT was strongly and linearly associated with
age and increased by 0.011 mm for each additional year of life
(Table 3). Men and women who reported that they were Black, as
well as women who reported they were Brown, presented higher
IMT compared with White participants. Job demands were not
associated with IMT in either gender, and higher scores on the job
control subscale were associated with lower IMT values only in



Table 2
Gender specific prevalence of job strain by Karasek's model, low control and high demand in the analytical sample from the Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil), 2008e2010.

Characteristics Men N ¼ 4077 Women N ¼ 4729

Job strain by Karasek's model Low
control
(%)

High
demand
(%)

Job strain by Karasek's model Low
control
(%)

High
demand
(%)

Low
strain
(%)

Passive
(%)

Active
(%)

High strain
(%)

Low
strain
(%)

Passive
(%)

Active
(%)

High
strain
(%)

Maternal education (years of study)
�11 34.4 15.4 37.1 13.1 28.5 50.2 34.8 21.8 29.4 14.1 35.8 43.4
8e10 24.4 26.9 28.7 20.0 46.9 48.7 25.6 32.1 20.6 21.8 53.9 42.4
1e7 21.0 35.3 18.7 24.9 60.2 43.6 20.7 39.4 16.8 23.2 62.6 39.9
0 15.7 45.7 13.1 25.5 71.2 38.6 13.5 51.6 9.8 25.0 76.7 34.9

P-valuea P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P ¼ 0.004
Social class of first occupation
High 39.2 8.6 40.2 12.0 20.6 52.2 42.5 13.3 32.0 12.2 25.5 44.2
Middle 28.8 22.9 31.0 17.3 40.3 48.3 26.6 31.6 21.7 20.2 51.7 41.9
Low 18.5 38.5 17.2 25.8 64.3 43.0 17.4 43.1 14.3 25.3 68.4 39.6

P-valuea P < 0.001 P < 0.001 P ¼ 0.002 P < 0.001 P < 0.001 P ¼ 0.175
Social class
High 38.1 9.3 44.2 8.4 17.7 52.6 38.0 12.5 37.4 12.2 24.7 49.6
Middle 19.8 36.5 17.0 26.8 63.3 43.8 20.6 42.0 14.4 23.1 65.1 37.4
Low 14.9 46.5 10.9 27.8 74.3 38.6 10.2 54.7 6.0 29.1 83.8 35.0

P-valuea P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001

a The p-values are from the chi-square tests.
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women. High strain and passive work were associated with higher
IMT in women, whereas among men only high strain was associ-
ated with higher IMT (Table 3).

Low maternal education (childhood SEP) was not associated
with higher IMT in men, but it was in women. Low social class of
first occupation (youth SEP) was associated with higher IMT in both
Table 3
Associations of age, race/color, life course socioeconomic position and job stress
indicatorswith intima-media thickness. Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil), 2008e2010.

Indicators Men (N ¼ 4077) Women (N ¼ 4729)

b (95%CI) b (95%CI)

Age 0.011 (0.010; 0.012)*** 0.011 (0.010; 0.012)***
Race
White Ref Ref
Brown �0.003 (�0.017; 0.012) 0.021 (0.010; 0.033)***
Black 0.048 (0.029; 0.067)*** 0.057 (0.044; 0.070)***
Other 0.030 (�0.005; 0.066) 0.020 (�0.005; 0.045)

Job stress indicators (adjusted by age and race/color)
Job control �0.002 (�0.004; 0.000) �0.002 (�0.004; �0.001)**
Job demand �0.002 (�0.000; 0.004) �0.000 (�0.002; 0.001)
Job strain by Karasek's model
Low strain Ref Ref
Passive 0.012 (�0.004; 0.028) 0.022 (0.011; 0.033)***
Active 0.006 (�0.010; 0.023) 0.007 (�0.006; 0.020)
High strain 0.028 (0.010; 0.045)** 0.014 (0.001; 0.026)*

Life course socioeconomic position indicators (adjusted by age and race/
color)

Maternal education(years of study)
�11 Ref Ref
8e10 �0.000 (�0.018; 0.017) 0.004 (�0.009; 0.017)
1e7 0.004 (�0.011; 0.019) 0.003 (�0.008; 0.014)
0 �0.005 (�0.025; 0.015) 0.024 (0.009; 0.040)**

Social class of first occupation
High Ref Ref
Middle 0.014 (�0.012; 0.040) 0.001 (�0.017; 0.018)
Low 0.033 (0.008; 0.059)* 0.019 (0.002; 0.036)*

Social class of current occupation
High Ref Ref
Middle 0.025 (0.011; 0.040)** 0.018 (0.008; 0.028)***
Low 0.035 (0.020; 0.050)*** 0.035 (0.022; 0.047)***

Notes: Regression coefficients b represent the difference in intima-media thickness
in millimeter (mm), *P < 0.05, **P < 0.01, ***P < 0.001, CI ¼ confidence interval.
genders, and the lower the social class of the current occupation
(adulthood SEP), the higher the IMT was in both genders (Table 3).
The simultaneous adjustment for all SEP indicators showed that
only adulthood SEP continued to be statistically associated with
greater IMT in men and women (Table 4).

In both genders, the association between each SEP indicator and
the IMTchangedminimally after adjustment for job strain, and only
the passive work among women remained borderline associated
with IMT after adjustment for SEP indicators. The same situation
was observed using the job control as the adjustment variable
among women (Table 4).

Higher IMT values were observed in men sequentially exposed
to low SEP in youth and adulthood and among women sequentially
exposed to low SEP in childhood, youth and adulthood. The asso-
ciation between cumulative SEP score and IMT changed minimally
after adjustment for job strain (in both genders) and job control
(among women) (Table 5).

4. Discussion

Exposure to social disadvantage in youth and adulthood were
associated with higher IMT in both genders; however, low child-
hood SEP was associated with higher IMT only among women.
Childhood and youth SEP were not associated with IMT indepen-
dent of adulthood SEP. However, in both genders, the higher IMT
values were observed among individuals sequentially exposed to
low SEP in more than one period of life. Thus, exposure to social
adversity in childhood and youth seems to play a role in IMT when
it is considered together with adulthood SEP, providing support for
a model of cumulative effects of exposures to SEP across the life
course. We also found that job stress failed to explain the higher
IMT among participants with social disadvantage over the life span.

The biggest differences in IMT were found when the cumulative
SEP score was used as an indicator of SEP. Using this indicator, the
difference between high and low SEP was on the order of 0.051mm
for men and 0.037 mm for women. Although the magnitude of this
difference may seem modest, it is equivalent to the change in IMT
that would occur in approximately five additional years of age in
men and in approximately three additional years of age in women
in this same cohort. In addition, a prior meta-analysis highlighted



Table 4
Multivariable regression analyzes demonstrating association between socioeconomic position in different stages of life and intima-media thickness and the role of Job Strain
(Karasek's Model) and job control (in women)a in this gradient according to gender. Brazilian longitudinal study of adult health (ELSA-Brasil), 2008e2010, (N ¼ 8806).

Indicators Model adjustment

Age, race, all socioeconomic position indicators
simultaneously

Age, race, all socioeconomic position indicators
simultaneously and job strain (Karasek's model)

Age, race, all socioeconomic position
indicators simultaneously and job control

Menb b (95% CI)c Women b (95% CI)c Menb b (95% CI)c Women b (95% CI)c Women b(95% CI)c

Maternal education (years of study)b

�11 Ref Ref Ref
8e10 �0.002 (�0.015; 0.011) �0.002 (�0.016; 0.011) �0.002 (�0.015; 0.011)
1e7 �0.006 (�0.018; 0.005) �0.007 (�0.019; 0.005) �0.006 (�0.018; 0.005)
0 0.008 (�0.009; 0.025) 0.007 (�0.010; 0.024) 0.008 (�0.009; 0.024)

Social class of first occupation
High Ref Ref Ref Ref Ref
Middle 0.007 (�0.019; 0.034) �0.006 (�0.024; 0.012) 0.007 (�0.019; 0.034) �0.007 (�0.025; 0.011) �0.006 (�0.024; 0.012)
Low 0.018 (�0.009; 0.045) 0.007 (�0.012; 0.025) 0.018 (�0.009; 0.045) 0.006 (�0.013; 0.024) 0.006 (�0.012; 0.025)

Social class of current occupation
High Ref Ref Ref Ref Ref
Middle 0.021 (0.005; 0.036)** 0.016 (0.005; 0.027)** 0.021 (0.004; 0.037)* 0.014 (0.003; 0.026)* 0.016 (0.004; 0.027)**
Low 0.028 (0.012; 0.045)** 0.029 (0.015; 0.043)*** 0.028 (0.010; 0.047)** 0.026 (0.011; 0.041)** 0.028 (0.013; 0.043)***

Job strain by Karasek's model
Low strain Ref Ref
Passive �0.000 (�0.017; 0.016) 0.013 (0.002; 0.025)*
Active 0.009 (�0.008; 0.025) 0.009 (�0.004; 0.022)
High strain 0.017 (�0.001; 0.035) 0.007 (�0.006; 0.020)

Job control �0.000 (�0.002; 0.001)

a The analysis using the adjustment by job control was performed only in women, because job control was not associated with intima-media thickness in the minimally
adjusted model.

b Maternal education was not included in the adjusting model in men, since it was not associated with intima-media thickness in the minimally adjusted model.
c Regression coefficients b represent the difference in intima-media thickness in millimeter (mm), *P < 0.05,**P < 0.01,***P < 0.001, CI ¼ confidence interval.
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that for each increase of 0.1 mm of IMT, the risk of myocardial
infarction increases by 15%, while the risk of stroke increases by 18%
(Lorenz et al., 2007).

We found that childhood SEP was associated with IMT only
among women, which is similar with founds from the general
Swedish population (Rosvall et al., 2002), and in the Newcastle
Thousand Families birth cohort (Lamont et al., 2000). In the Multi-
Table 5
Multivariable regression analyzes demonstrating association between intima-media thick
course SEP), and the role of job strain (Karasek's Model) and job control (inwomen)a in thi
Brasil), 2008e2010.

Cumulative SEP Model adjustment

Age and race

b (95% CI)b

Men (N¼4077)
Cumulative socioeconomic position score (youth and adulthood)c

0 (high socioeconomic position in both periods) Ref
1 0.013 (�0.017; 0.0
2 0.026 (�0.003; 0.0
3 0.037 (0.009; 0.066
4 (low socioeconomic position in both periods) 0.051 (0.022; 0.079

Women (N¼4729)
Cumulative socioeconomic position score (childhood, youth and adulthood)
0 (high socioeconomic position in the three periods) Ref
1 �0.013 (�0.040; 0
2 �0.010 (�0.036; 0
3 0.001 (�0.025; 0.0
4 0.012 (�0.013; 0.0
5 0.023 (�0.003; 0.0
6 (low socioeconomic position in the three periods) 0.037 (0.006; 0.068

a The analysis using the adjustment by job control was done only among women, bec
adjusted model.

b Regression coefficients b represent the difference in intima-media thickness in milli
c Cumulative SEP score among men did not include childhood socioeconomic positio

thickness in minimally adjusted model.
Ethnic Study of Atherosclerosis (MESA), the researchers found that
childhood SEP and adulthood SEP were independently associated
with IMT in adulthood in both genders. However, the association
was stronger among women (Lemelin et al., 2009). The explanation
for the gender difference in the association between early life
course SEP and IMT remains unclear. Childhood SEP has been found
to be more strongly associated with age at natural menopause than
ness and cumulative socioeconomic position score (higher values reflecting lower life
s association in men andwomen. Brazilian Longitudinal Study of Adult Health (ELSA-

Age, race, and job strain
(Karasek's model)

Age, race, and job controla

Ref
43) 0.013 (�0.017; 0.042)
55) 0.025 (�0.004; 0.054)
)** 0.036 (0.007; 0.065)*
)** 0.049 (0.020; 0.079)**

Ref Ref
.015) �0.013 (�0.040; 0.015) �0.013 (�0.040; 0.015)
.016) �0.012 (�0.038; 0.015) �0.010 (�0.036; 0.016)
25) �0.003 (�0.028; 0.023) �0.001 (�0.026; 0.025)
37) 0.008 (�0.017; 0.034) 0.011 (�0.014; 0.036)
49) 0.018 (�0.008; 0.045) 0.021 (�0.006; 0.048)
)* 0.031 (0.001; 0.063)* 0.035 (0.003; 0.066)*

ause job control was not associated with intima-media thickness in the minimally

meter (mm), *P < 0.05,**P < 0.01,***P < 0.001, CI ¼ confidence interval.
n (maternal education), since this indicator was not associated with intima-media
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is adulthood SEP (Mishra et al., 2009), and early menopause ap-
pears to be associated with increased IMT and other markers of
atherosclerosis (El Khoudary et al., 2013). Moreover, it is known
that men have higher mortality than women at every age (Barford
et al., 2006), and early-life socioeconomic disadvantages are asso-
ciated with higher mortality (Stringhini et al., 2011). Thus, it is
possible that men exposed to low maternal education had higher
risk of dying before they had the opportunity to participate in the
study than women with the same exposure. If this hypothesis is
correct, we could be underestimating the magnitude of the asso-
ciation between maternal education and IMT values in men.

The association of childhood SEP and youth SEP with IMT dis-
appeared after considering adulthood SEP in the multivariate
model. Because exposure to low SEP in early life could increase the
chances of subsequent exposure in adulthood, these results suggest
that the association of childhood and youth SEP with IMT is
mediated by current SEP. According to the “chain of risk” hypoth-
esis, these links are probabilistic rather than deterministic but are
likely to be sequential, andwhen each adverse experience increases
the probability of disease in a cumulative fashion, this might
characterize an “additive effect” or a special case of accumulation
risk model (Kuh et al., 2003; Lynch and Smith, 2005; Ben-Shlomo
and Kuh, 2002; Kuh et al., 2004). In our study, this additive effect
was observed when we examined the association between cumu-
lative SEP score and IMT because the highest IMT values were
observed in individuals sequentially exposed to low SEP in more
than one period of life. The atherosclerotic process is evident very
early in life (Stary, 2000), develops gradually as a subclinical con-
dition across the life course, and can lead to cardiovascular clinical
events. The natural history of this disease is compatible with the
cumulative effect of exposure to social adversities across the life
course that we found in this study. Moreover, our findings are also
consistent with the notion of allostatic load because the number
and duration of stress exposures could increase the damage to
biological systems (McEwen, 2012; Danese & McEwen, 2013). The
cumulative effect of exposure to social adversities across the life
course on IMT was also observed in participants of the Athero-
sclerosis Risk in Communities Study (ARIC) (Carson et al., 2007).
Nevertheless, in the general population of Sweden, this cumulative
effect of SEP on carotid stenosis was observed only among women
(Rosvall et al., 2002), and the association between cumulative life
course SEP and subclinical atherosclerosis, measured by the ankle-
brachial index, was observed only among men (Agha et al., 2011).

Job strain and job control failed to explain the increased IMT
among participants with social disadvantage over the life span, and
these job characteristics were not independently associated with
IMT in either gender, with the exception of the association of
passive work with IMT among women, which presented borderline
significance. Because of this, it was not necessary to perform a
specific method to evaluate the mediation role of job stress because
most of these variables did not meet one of the basic principles of
mediation, which is that the mediator must be independently
associated with the outcome (Baron and Kenny, 1986). Our results
depart from those reported in the Whitehall II study, which found
that job control explained between 51% and 64% of the occupational
gradient in coronary heart disease (CHD) among women and men,
respectively (Marmot et al., 1997). We used the IMT as the outcome
whereas Whitehall used incidence of self-reported coronary heart
disease, which is more susceptible to information bias. Other
studies that used direct evaluation of incidence or mortality by
myocardial infarction rather than self-reported CVD as the outcome
have also failed to demonstrate that job stress substantially ex-
plains the social gradient in CVD (Wamala et al., 2000; Kuper et al.,
2006; Huisman et al., 2008). For cerebrovascular disease, the
mediating role of job characteristics is even less clear, and we know
that IMT predicts cerebrovascular events better than coronary
events (Lorenz et al., 2007). For example, among women in the
Finnish Public Sector Study, the social gradient in the incidence of
cerebrovascular events increased after considering the role of job
control and job demand (Kivim€aki et al., 2009), while in the
Women's Lifestyle and Health cohort, job strain was unrelated to
stroke risk (Kuper et al., 2007). In addition to theWhitehall II study,
there are also some studies that have identified some mediating
role of job stress; however, the percent reduction in the socioeco-
nomic gradient in CVD attributable to job control or job strain was
less expressive (Virtanen and Notkola, 2002; Ferrario et al., 2011;
Toivanen and Hemstr€om, 2006).

Health-related behaviors (e.g., smoking, physical inactivity, un-
healthy diet, excessive alcohol consumption) and metabolic dys-
regulation (e.g., obesity, diabetes, hypertension, chronic
inflammation, dyslipidemia) are common effects of life course SEP
and job stress. In other words, they are colliders. Thus, the inclusion
of all these variables together in the regression models to investi-
gate the effect of job stress in the social gradient would induce
collider bias56. However, we know that these conventional risk
factors for CVD are important in explaining the social gradient in
subclinical atherosclerosis, as this has been reported in many
studies (Lamont et al., 2000; Lemelin et al., 2009; Kivim€aki et al.,
2005). These findings could be the result of confounding or medi-
ation processes. Nevertheless, we believed that this effect is pre-
dominantly of mediation, as we showed in our DAG (Fig. 1). Health-
related behaviors are often used by individuals as a mechanism to
cope with the stress caused by social adversities or job stress. In
addition, metabolic dysregulation can result in prolonged activa-
tion of the allostatic systems from social adversities or job stress
(McEwen, 2012; Danese & McEwen, 2013). Thus, health-related
behaviors and metabolic dysregulation are proximal causes of
cardiovascular disease, and they are products of many distal causes,
such as socioeconomic position and job stress across the life course.
This theoretic framework supports our decision to not consider
conventional risk factors in our analysis because our aimwas not to
investigate the mediation role of conventional risk factors for CVD
to explain the SEP gradient on IMT but rather to investigate the
mediation role of job stress.

4.1. Limitations

Some potential strengths and limitations of our analysis merit
consideration. First, the outcome in this study is a subclinical
condition and, consequently, it is unlikely that biological changes
even without clinical signs and symptoms could have influenced
the SEP in a downward direction, particularly early SEP. Thus,
although this study is a cross-section analysis, reverse causality is
probably not a limitation of this paper. Second, many studies have
used participants' own education as a youth SEP indicator because
education is generally complete in late adolescence or in the
beginning of adult life (Galobardes et al., 2007). However, we used
as the indicator of youth SEP the social class of the first occupation
because this indicator is probably a better indicator of youth than is
education in ELSA-Brasil, as the mean age that the participants
started towork in this cohort was 17 years old, and the participants'
own education could be finished in later stages of life. Third, we
used only maternal education to measure childhood SEP, and other
studies that have used additional indicators of SEP in childhood,
such as in utero SEP and parental occupational status, could provide
a better evaluation of social adversities in childhood because this
construct is multidimensional. Fourth, small differences were
observed when comparing included versus excluded participants,
and our analytical sample tended to have lower life course SEP than
did the excluded participants. However, these differences were
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small, and it is likely that the significance tests were inflated by our
large sample size. The excluded group also had a lower proportion
of White individuals and a higher proportion of men. Nevertheless,
the proportions of each gender and race in the included groupwere
very similar to the entire cohort of ELSA-Brasil, and our analysis was
performed stratifying by gender and adjusting by race. Thus, we
believe that these differences did not impact our findings. Fifth, the
ELSA-Brasil participants are all employed in the civil service, whose
employees have higher average education and income levels
compared to the rest of the population of Brazil. Thus, people who
experienced extreme social difficulties in childhood as well as in
adulthood may not be represented in this study. The truncated
variability in SEP may have led us to underestimate the magnitude
of the associations between life course SEP and IMT values.

5. Conclusion

Our study demonstrated that the exposures to social adversities
in youth and adulthood were associated with higher IMT in both
genders but that childhood SEP seems to play a role only among
women. Both measures of early SEP were not associated with IMT
independent of adulthood SEP. However, in both genders, higher
IMT values were observed among individuals sequentially exposed
to low SEP in more than one period of life, providing support for a
model of the cumulative effects of exposures to SEP across the life
span. We did not find that job stress (defined as low job control or
job strain) explained the association between low SEP and higher
IMT, suggesting that strategies to address socioeconomic in-
equalities in CVD should target additional steps beyond reducing
job stress.
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