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Objective: To examine whether a 10-year change in occupational standing is related to carotid artery intima-media thickness (IMT)
5 years later. Methods: Data were obtained from 2350 participants in the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. Occupational standing was measured at the Year 5 and 15 CARDIA follow-up examinations when participants
were 30.2 (standard deviation = 3.6) and 40.2 (standard deviation = 3.6) years of age, respectively. IMT (common carotid artery [CCA],
internal carotid artery [ICA], and bulb) was measured at Year 20. Occupational mobility was defined as the change in occupational
standing between Years 5 and 15 using two semicontinuous variables. Analyses controlled for demographics, CARDIA center, employ-
ment status, parents’ medical history, own medical history, Year 5 Framingham Risk Score, physiological risk factors and health behav-
iors averaged across the follow-up, and sonography reader.Results: Occupational mobility was unrelated to IMT save for an unexpected
association of downward mobility with less CCA-IMT (A = j0.04, p = .04). However, associations differed depending on initial
standing (Year 5) and sex. For thosewith lower initial standings, upwardmobility was associatedwith less CCA-IMT (A =j0.07, p = .003),
and downward mobility was associated with greater CCA-IMTand bulb-ICA-IMT (A = 0.14, p = .01 and A = 0.14, p = .03, respectively);
for those with higher standings, upward mobility was associated with greater CCA-IMT (A = 0.15, p = .008), but downward mobility
was unrelated to either IMT measure (p values 9 .20). Sex-specific analyses revealed associations of upward mobility with less CCA-
IMT and bulb-ICA-IMT among men only (p values G .02). Conclusions: Occupational mobility may have implications for future
cardiovascular health. Effects may differ depending on initial occupational standing and sex. Key words: CARDIA, IMT, occupational
mobility, occupational social class, socioeconomic status.

CARDIA = Coronary Artery Risk Development in Young Adults;
CCA = common carotid artery; CI = confidence interval; CVD =
cardiovascular disease; HDL-C = high-density lipoprotein cholesterol;
FRS = Framingham Risk Score; ICA = internal carotid artery; IMT =
intima-media thickness; OC/HRT = oral contraceptive/hormone
replacement therapy; SBP = systolic blood pressure; SD = standard
deviation; SE = standard error; SEI = Socioeconomic Index; SES =
socioeconomic status; TC = total cholesterol.

INTRODUCTION

R isk for premature morbidity and mortality increases with
decreasing socioeconomic status (SES) (1,2). Findings from

cross-sectional and prospective research conducted both in the
United States and in countries with universal health care access

have shown a continuous SES gradient in cardiovascular dis-
ease (CVD) risk such that CVDmorbidity and mortality increase
with decreasing SES (3Y7). To what extent change in adult
SES contributes to socioeconomic disparities in risk for disease
and death has been examined in several large European cohorts.
These studies investigated changes in occupational standingV
the relative prestige associated with a given occupation based
on the median education and income associated with that
occupationVbetween two occasions during adulthood, typically
young adulthood and middle age (8Y13). A common finding
across studies is that those with stable low standing evidenced
the greatest risk, those with stable high standing evidenced the
least risk, and those whose standing changedVeither upwardly
or downwardly between the two occasionsVevidenced an inter-
mediate level of risk. Slightly different findings emerged from
a Swedish mortality study wherein occupational standing was
measured three times (14). Consistent with the aforementioned
findings, Swedish adults who maintained a high standing across
all occasions showed the least mortality risk. However, two of
the groups with changing occupational standingVthose whose
standing decreased between the first and second assessments
and again between the second and third and those whose stand-
ing both decreased and increasedVwere at greater risk than
those of stable low standing. Thus, the association between the
direction of change in occupational standing and risk for disease
and death may not be as straightforward as it seemed at first.

The previously mentioned research suggests that change
in occupational standingVor occupational mobilityVduring
the adult life course may influence individuals’ future health
trajectories. However, because they focus on clinical outcomes,
particularly mortality and, in one case incident myocardial in-
farction (10), they say little about when, in the process of dis-
ease risk, occupational mobility may begin to have an effect.
For example, experiencing a change in occupational standing
may increase risk for CVD mortality by either increasing the
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likelihood of a clinical event among those with advanced sub-
clinical disease or initiating atherogenic processes among those
who are free from disease.

We address the question of whether change in occupational
standing for 10 years during adulthood (30.2 [standard devia-
tion {SD} = 3.6] to 40.2 [SD = 3.6] years) influences CVD at
early stages of disease development by examining whether the
extent of change is related to carotid artery intima-media thick-
ness (IMT). Specifically, we expect that declining standing or
downward mobility will be associated with greater IMT. Given
the evidence to suggest that upward change in occupational
standing as well may have implications for long-term health,
we also examine the association of upward mobility with IMT.
Although previous findings (14) suggest that upward mobility
in some cases may place individuals at increased risk for pre-
mature mortality, it also seems reasonable to expect that in-
creases in occupational standing may be beneficial, especially
among those whose initial standings are low. Thus, we examine
the role of initial standing (age, 30.2 [SD = 3.6] years) as a
potential moderator of the associations of both upward and
downward mobility with IMT.

Carotid IMT is frequently used as a surrogate marker of
systemic vascular disease and has been found to be a strong
predictor of future acute cardiovascular events. Whether carotid
IMT indicates atherosclerosis, however, depends largely on the
location of measurement. Whereas the internal carotid artery
(ICA) and carotid bifurcation (bulb) constitute two regions
where advanced atherosclerotic plaques are known to localize,
the common carotid artery (CCA) generally is spared from ad-
vanced plaque formation (15,16). Thus, intimal thickening in
the CCA may reflect the culmination of different disease pro-
cesses than those reflected by thickening in the bulb and ICA.
Because occupational mobility may differentially influence the
specific disease processes affecting these different arterial re-
gions, we examine CCA-IMT and bulb-ICA-IMT as separate
outcomes. We also examine whether associations between occu-
pational mobility and IMT in each of these regions are moder-
ated by sex and race.

Our approach to these questions extends the literature on
SES mobility and disease in three ways. First, wherein exist-
ing research is based on data from exclusively white samples,
the present study reports findings from a sample composed of
nearly equal proportions of blacks and whites. Second, all of
the existing studies defined occupational mobility as move-
ment between discrete social classes (e.g., ‘‘manual,’’ ‘‘skilled
manual,’’ ‘‘nonmanual’’). By comparison, the present study used
a continuous marker of occupational standing, the Socioeco-
nomic Index (SEI) by Stevens and Cho (17), from which we
derived a continuous measure of occupational mobility. Use of
this measure enabled the detection of more subtle changes in
occupational standing that would otherwise be missed if mobil-
ity were defined as movement between broad occupational
classes. Finally, although a few studies have reported associa-
tions between lower SES and greater IMT (18Y21), this is the
first study to examine whether change in SES is associated with
this important indicator of CVD risk.

METHODS
Participants
In 1985 to 1986, 5115 adults aged 18 to 30 years were recruited into

the Coronary Artery Risk Development in Young Adults (CARDIA) Study at
four sites: Birmingham, Alabama; Chicago, Illinois; Minneapolis, Minnesota;
and Oakland, California. The sampling strategy resulted in a population-based
cohort that was balanced by race (52% black), sex (55% women), and educa-
tion (40% with e12 years of education) both overall and within each clinical
center (see Friedman et al. (22)). Follow-up examinations were conducted in
1987 to 1988 (Year 2), 1990 to 1991 (Year 5), 1992 to 1993 (Year 7), 1995 to
1996 (Year 10), 2000 to 2001 (Year 15), and 2005 to 2006 (Year 20). Retention
rates for the surviving portion of the sample were 91%, 85%, 80%, 77%, 72%,
and 69%, respectively. Institutional review committee approval was obtained at
each site, and written informed consent was obtained at each examination. Data
from Years 5 through 20 were used in the present report.

Exclusions
Of the 5115 individuals who initially enrolled in the CARDIA Study,

3284 attended the Year 20 examination, with 3257 having complete data on
either CCA-IMT (n = 3254) or bulb-ICA-IMT (n = 3025). Participants without
data on employment status or occupational standing at Year 5 or 15 (n = 830)
were excluded from analysis. This number includes those with missing data
and those who did not receive occupational standing scores because of being
outside the workforce. Participants were also excluded if missing one or more
of the measures used to approximate average, Year 5, or Year 20 health status
(n = 77; see the next section). The resulting sample was thus composed of 2350
participants (2349 with complete CCA-IMT data and 2177 with complete bulb-
ICA-IMT data). Relative to all participants enrolled in the CARDIA Study at
baseline who were not included in these analyses, the present sample was com-
parable in sex distribution (women, 54.3% versus 54.6%) but was older (mean age
at baseline, 25.2 versus 24.5 years), more educated (mean education at baseline,
14.2 versus 13.4 years), and less likely to be black (42.1% versus 59.6%).

Measures
Carotid Artery IMT
Images of the distal CCA-IMT, bulb-IMT, and proximal ICA-IMT were

obtained at the Year 20 examination using high-resolution B-mode ultrasonog-
raphy (Logiq 700; General Electric Co, United Kingdom). Details of the scan-
ning protocol have been described previously (23). Carotid ultrasound images
were recorded on videotape and transmitted to the Ultrasound Reading Center
(Tufts University) for IMT scoring. Digitized images were examined by trained
sonography readers, and IMTwas measured as the distance between the lumen-
intima and media-adventitia interfaces. Mean IMT for each segment was derived
by taking the average of far and near wall measurements on both the left and
right sides. Bulb-ICA-IMT was derived by taking the average of the bulb-IMT
and ICA-IMT measurements. Means for CCA-IMT and bulb-ICA-IMTwere sub-
jected to log10 transformation to eliminate skew. The correlation between the two
segments was 0.43 ( p G .001).

Occupational Standing
At Years 5 and 15, participants reported on employment status, current

position, type of work, and most important duties. Subsequently, occupations
were classified according to the 1990 US Census Bureau three-digit occupation
codes and assigned an SEI score (17). Persons outside the workforce (home-
makers, retirees, and disabled/unable to work) were not assigned scores. Briefly,
SEI scores are ‘‘predicted prestige ratings’’ based on the median education
and annual income typically associated with a given occupation. The SEI has a
theoretical range of 0 to 100, with higher scores indicating higher standing. In
the present sample, SEI scores ranged from 14.5 to 90.4, and average scores
for Years 5 and 15 were 43.1 (SD = 20.4) and 46.7 (SD = 19.6), respectively.
Employment data were also collected at Year 20 but were not available for anal-
ysis at the time of this writing.

Occupational Mobility
We represented change in occupational standingVor occupational

mobilityVwith two semicontinuous variables that were derived from the
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simple difference in occupational standing scores between Years 5 and 15.
The first indicated the extent to which participants’ standings increased
during the 10-year period (upward mobility), and the second indicated the
extent to which participants’ standings decreased (downward mobility). Each
variable was scored as follows: if participants’ standings increased between
Years 5 and 15, they were assigned an upward mobility score equal to the
magnitude of the change, and a downward mobility score of ‘‘0.’’ If parti-
cipants’ standings decreased between Years 5 and 15, they were assigned a
downward mobility score equal to the magnitude of the change, and an
upward mobility score of ‘‘0.’’ For ease of interpretation, the absolute value
of the downward mobility score was used in analyses, so that higher values
would indicate greater decreases in standing. Those whose occupational stand-
ing scores did not change during the follow-up were assigned a score of ‘‘0’’
for both mobility variables. We chose to represent occupational mobility as two
unidirectional variables because doing so allowed us to distinguish the effects
of differing magnitudes of positive relative to negative change. By comparison,
were we to treat mobility as a single continuous variable, an increase in that
variable could indicate either less of a negative change or the presence of a
positive change, two experiential phenomena with very different psychological
meanings.

Covariates
Standard covariates for the present analyses included known correlates of

CVD risk or IMT specifically. Not all participants had complete data on these
covariates. When less than 1% of participants were missing data on a given
examination-specific covariate (e.g., Year 5 medical history), data from the
preceding examination were substituted for the missing values. By compari-
son, when a substantial number of participants were missing data on a given
risk factor, a set of two dummy variables was created comparing those with
the risk factor and those with missing data on the risk factor, respectively, to
those for whom the risk factor was absent (e.g., parents’ medical history).

Demographics
Data on age, sex, and race (black or white) were collected at baseline.

Education was determined based on participants’ maximum years of schooling
reported by the Year 20 examination (range, 0 to 20+ years) and was included
as a covariate to control for possible correlations between maximum obtained
education and occupational mobility. Marital status was represented by a dichot-
omous variable (married = 1, all others = 0). Statuses at both Years 5 and 20 were
included as covariates to control for any status changes that may have occurred
during the follow-up.

Parents’ Medical History
At baseline, participants were asked whether their biological parents had

ever received a diagnosis of hypertension, stroke, myocardial infarction, and/or
diabetes mellitus. From these data, two parent history dummy variables were
created that indicated whether either parent had ever been diagnosed with any of
the aforementioned conditions (0 = no, 1 = yes; 0 = no, 1 = unknown). Parents’
medical history was unknown for 380 participants (16%).

Physiological Risk Factors
Body mass index, systolic blood pressure (SBP), total cholesterol (TC),

high-density lipoprotein cholesterol (HDL-C), and triglycerides were mea-
sured at Years 5, 7, 10, 15, and 20; plasma glucose was measured at Years 7,
10, 15, and 20. Procedures for collection and measurement of physiological
risk factors previously have been reported (22). Because CVD pathogenesis
is a lengthy process with an onset that often occurs decades in advance of mani-
fest disease, we computed mean values of each measure by averaging across
values obtained at each of the five (four for glucose) examinations. Eighty-seven
percent of the sample had complete data on all variables, and more than 98%
had complete data for at least four of the five examinations (or for at least three
of the four examinations for glucose).

Medical History
Also at Years 5, 7, 10, 15, and 20, participants reported whether they ever

had been diagnosed with hypertension and whether they were currently taking

any over-the-counter or prescription medications, including oral contraceptive/
hormone replacement therapy (OC/HRT; women only). See CARDIA Web
site (http://www.cardia.dopm.uab.edu/) for additional details. Two dichotomous
variables were created to indicate whether participants reported a diagnosis of
hypertension at Years 5 and 20, respectively. A third dichotomous variable
was created to indicate whether participants were taking any medications at
Year 20 with the potential to influence IMT (antihypertensives, antihyperlipi-
demics, and antidiabetics; 0 = no, 1 = yes). Year 15 hypertension status
was substituted for 14 participants with missing Year 20 data, and Year 15
medication status was substituted for 12 participants with missing Year 20 data.
OC/HRTuse was represented by a continuous variable that indicated the number
of examination years during which women reported taking OC/HRT (men coded
as ‘‘0’’). More than 90% of women had data on OC/HRT use for at least four of
the five examinations.

Year 5 CVD Risk
Because IMT was not measured before Year 20, an additional control

was added to approximate participants’ Year 5 cardiovascular risk status. Fra-
mingham Risk Scores (FRSs) (24) were computed using Year 5 data on age,
TC, HDL-C, SBP, smoker status, diabetes history, and left ventricular hyper-
trophy (LVH). LVH was determined based on participants’ left ventricular
(LV) mass index (ventricular mass [g] / height squared [m2]). Procedures for
obtaining LV mass already have been described (25). A positive diagnosis of
LVH was determined if LV mass index exceeded 50 g/m2 for men and 47 g/m2

for women (26). Participants with missing LV mass data (n = 124) were assumed
to have negative diagnoses. In addition to being a reliable predictor of future
clinical CVD (27), the FRS has been found to correlate cross-sectionally with
carotid artery IMT both in men and women and in blacks and whites (28,29).
In the present sample, Year 5 FRS was modestly correlated with both Year 20
IMT measures (CCA-IMT, r = 0.14; bulb-ICA-IMT, r = 0.13; p values G .001).

Health Behaviors
Data on smoking status (1 = current, 0 = former/never) and alcohol con-

sumption (number of drinks per week; nondrinkers coded as ‘‘0’’) were collected
at all CARDIA examinations (scales documented on CARDIAWeb site, http://
www.cardia.dopm.uab.edu/). From these data, we computed the following vari-
ables:mean alcohol consumption by averaging reported consumption levels across
all examinations for which participants provided data and the total number of
years of smoking by summing the number of years participants reported being
smokers. More than 94% of participants had complete data on both of these
variables at Years 5, 7, 10, 15, and 20.

Employment Status
Because employment status may influence both occupational mobility and

general health, data from Years 5, 7, 10, and 15 were used to create the follow-
ing three additional covariates. The first was the total number of years that
participants reported working full-time, and the second was the total number
of years participants reported being unemployed (see Janicki-Deverts et al.
(30)). Indicators of full-time employment and unemployment history were each
summed across the four examination years to create total scores. The third vari-
able was the total number of years that participants reported being full-time
students. Because only 6.5% of participants reported full-time school attendance
during at least one of the four examinations, we created a dichotomous indicator
of ever having attended school full-time during the 10 years of follow-up. For
years during which participants were not employed, occupational standings
were assigned based on participants’ most recent job activity before exiting the
workforce.

Statistical Analyses
All statistical analyses were performed using SAS v9.1.3 (SAS Institute

Inc, Cary, NC). Separate multivariable linear regression models were used
to examine associations of occupational mobility with CCA-IMT and bulb-
ICA-IMT, respectively. The standard covariates (demographic characteristics
[including Year 5 occupational standing], parents’ medical history, physio-
logical risk factors, Year 5 and 20 medical histories, Year 5 CVD risk, health
behaviors, and employment status) were included in all of the main analyses
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and entered simultaneously with the predictor. Because of the known J-shaped
association between alcohol consumption and CVD risk (31), a quadratic term
for average consumption was also included as a covariate. Finally, because carotid
IMT images were analyzed by a pool of three readers and IMT measurements
differed across readers, two dummy variables representing reader effects were
included in the analyses. Main effects are expressed as unstandardized (B) and
standardized A’s. Squared semipartial correlation coefficients (R2) are reported
as the measure of effect size. Adjusted R2 values and confidence intervals (CIs)
are reported to index model fit.

Moderation analyses were used to examine whether associations of occupa-
tional mobility with IMT differ according to individuals’ initial standings. These
models were identical to the main effect models described previously, save for
the addition of the Year 5 occupational standingYbyYpredictor cross-product
term. Similarly, in separate analyses, we explored sex and race differences in
the association of occupational mobility with IMT by including the relevant sex
(or race)-by-predictor cross-product term to each of the main-effects models.
Values of p are presented for interaction terms. Post hoc examination and plot-
ting of simple slopes were performed using the methods described by Aiken
and West (32).

RESULTS
Sample Characteristics
The average age at Year 20 was 45.2 (SD = 3.6) years; 54%

of participants were women, and 42% were black. Eight percent
of participants reported a hypertension diagnosis at Year 5, and
22%, at Year 20. Fifty-eight percent reported having at least one
parent with CVD or diabetes. At Year 20, 27% of participants
were taking medication known to influence IMT, and 15% of
women were taking OC/HRT. Table 1 displays additional sam-
ple characteristics and correlations of continuous covariates
with Year 20 IMT. Table 2 displays mean differences in Year 20
IMT across levels of categorical covariates. Whereas Table 2
displays raw, unadjusted IMT scores, t tests were performed
using log10-transformed IMT values as the dependent variable.

As previously reported (23), older age, male sex, and being
hypertensive at Year 20, each was associated with greater CCA-
IMT and bulb-ICA-IMT, whereas black race was associated with
greater CCA-IMT only.

Multivariable Associations of Covariates With
Year 20 IMT
When entered simultaneously into a model to predict

CCA-IMT, nine covariates emerged as independent predictors
of CCA-IMT ( p values = .03 to G.001). Positive predictors
included age; black race; average body mass index, TC, glu-
cose, and SBP; and the total number of years as a smoker.
Negative predictors were female sex and HDL-C. Save for a
marginal inverse association between taking medications at Year
20 (p = .06) and CCA-IMT, no other associations were evident.
By comparison, 11 covariates emerged as independent predic-
tors of bulb-ICA-IMTwhen examined in multivariable analysis
(p values = .04 to G.001). Positive predictors were largely the
same as those for CCA-IMT save for the addition of an inde-
pendent effect of Year 20 SBP and the lack of an effect of race.
Negative predictors were female sex, HDL-C, triglycerides, and
Year 20 education. Of the remaining covariates, years of full-time
employment and having attended school during the follow-up
both emerged as marginal correlates of greater bulb-ICA-IMT
(p values G .08). No other associations were evident.

Occupational Mobility Between Years 5 and 15 and
Year 20 IMT
Occupational Mobility

Forty-seven percent of participants experienced an increase
in standing between Years 5 and 15, whereas 34% experienced a

TABLE 1. Sample Characteristics and Pearson Correlations With Year 20 Carotid Artery IMT

Pearson r

M or Median SD or IQR CCA-IMTa Bulb-ICA-IMT

Year 5 occupational standing 46.7 (19.6) j0.07*** j0.05*

Year 20 education, y 15.8 (2.5) j0.13*** j0.13***

No. examinations married 2 (0Y5) j0.05* j0.01

No. examinations employed full-time 4 (2Y4) 0.07** 0.10***

No. examinations unemployed 0 (0Y1) 0.03 0.01

No. examinations current smoker 0 (0Y1) 0.10*** 0.09***

No. examinations taking oral contraceptives/hormone
replacement (women only)

0 (0Y1) j0.10*** j0.06*

Average systolic blood pressure, mm Hg 110.7 (10.4) 0.34*** 0.26***

Average body mass index, kg/m2 27.5 (5.9) 0.26*** 0.18***

Average total cholesterol, mg/dL 180.6 (29.2) 0.13*** 0.16***

Average high-density lipoprotein cholesterol, mg/dL 52.0 (13.0) j0.18*** j0.17***

Average triglycerides, mg/dL 92.7 (58.7) 0.14*** 0.13***

Average glucose, mg/dL 94.0 (15.4) 0.24*** 0.17***

Average alcohol consumption,b drinks/wk 4.2 (6.9) 0.05* 0.05*

IMT = intima-media thickness; M = mean; SD = standard deviation; IQR = interquartile range; CCA = common carotid artery; ICA= internal carotid artery.
* p G .05, ** p G .01, *** p G .001.
a CCA-IMT, n = 2349; bulb-ICA-IMT, n = 2177.
b Nondrinkers assigned a value of 0 drinks per week.
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decrease. The median change in standing among the upwardly
mobile was 17.71 points (range, 0.03 to 68.53 points), and
among the downwardly mobile, j14.03 points (range, j67.82
to j0.02 points).

Occupational Mobility and IMT

Using multivariable linear regression, we examined, in
separate models, whether the extent of upward or downward
change in occupational standing between Years 5 and 15 was
associated with Year 20 IMT. Results indicated a paradoxical
association of downward mobility with CCA-IMT such that
greater decline in standing between Years 5 and 15 was asso-
ciated with less Year 20 CCA-IMT (B = j0.0003, standard
error [SE] = 0.0001, A =j0.04, p = .04, semipartial R2 = 0.001,
adjusted R2 = 0.31, CI = 0.28Y0.35). Greater upward mobil-
ity, by comparison, was unrelated to CCA-IMT (B = j0.0002,
SE = 0.0001, A = j0.03, p = .12, semipartial R2 = 0.001, ad-
justed R2 = 0.31, CI = 0.28Y0.34). Neither upward nor down-
ward mobility was related to bulb-ICA-IMT (upward mobility:
B = j0.0001, SE = 0.0002, A = j0.01, p = .56, semipartial
R2 = 0.0001, adjusted R2 = 0.24, CI = 0.20Y0.27; downward

mobility: B = 0.0001, SE = 0.0002, A = 0.01, p = .51, semipartial
R2 = 0.0002, adjusted R2 = 0.23, CI = 0.20Y0.27).

Moderation by Initial Standing

To address the question of whether the association of occu-
pational mobility with IMT differs depending on initial standing,
we incorporated the interaction of upward mobility or downward
mobility with Year 5 occupational standing into the main-effects
models. Results of these analyses suggested a moderating effect
of Year 5 standing on both the association of upward mobility
with CCA-IMT (interaction, p = .001) and downward mobility
with both CCA-IMT (interaction, p G .001) and bulb-ICA-IMT
(interaction, p G .04).

Figure 1 displays simple slopes of the association of upward
mobility with CCA-IMT at high and low Year 5 standing. As
illustrated by the figure, increasing standing between Years 5
and 15 was associated with less Year 20 CCA-IMTamong those
with low initial standings and greater CCA-IMT among those
with high initial standings. Figure 2 displays analogous data
for the associations of downward mobility with CCA-IMT and
bulb-ICA-IMT. For both measures, greater downward mobility

TABLE 2. Mean Year 20 IMT (in Millimeters) by Level of Categorical Covariatesa

CCA-IMT Bulb-ICA-IMT

M SD t M SD t

Sex 9.39*** 11.18***

Men 0.70 0.12 0.77 0.18

Women 0.66 0.11 0.69 0.15

Race 10.88*** 1.74

White 0.66 0.10 0.72 0.17

Black 0.71 0.12 0.73 0.17

Full-time school 0.94 0.42

No 0.68 0.11 0.73 0.17

Yes 0.67 0.12 0.72 0.16

OC/HRTb 2.28* 1.62

No 0.66 0.11 0.69 0.15

Yes 0.64 0.09 0.67 0.14

Year 5 hypertension 4.21*** 3.10**

No 0.67 0.11 0.72 0.17

Yes 0.71 0.12 0.77 0.20

Year 20 hypertension 8.80*** 6.12***

No 0.67 0.11 0.71 0.16

Yes 0.72 0.12 0.78 0.21

Medications 6.93*** 5.68***

No 0.67 0.11 0.71 0.16

Yes 0.70 0.12 0.76 0.20

Parent medical historyc 3.79*** 2.88**

No 0.67 0.11 0.71 0.16

Yes 0.69 0.11 0.73 0.18

IMT = intima-media thickness; CCA = common carotid artery; ICA= internal carotid artery; OC/HRT = oral contraceptive/hormone replacement therapy.
* p G .05, ** p G .01, *** p G .001.
a CCA-IMT, n = 2349; bulb-ICA-IMT, n = 2177.
b Women with nonmissing OC/HRT data.
c Participants with nonmissing parent medical history data.
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was associated with greater IMT among those with low initial
standings but was unrelated to either CCA-IMTor bulb-ICA-IMT
among those with high initial standings.

Moderation by Sex and Race

We conducted additional analyses to determine whether the
associations of upward and downward mobility with Year 20
IMT differed depending on either sex or race. A protective effect
of upward mobility was present for men but not for women
(Fig. 3) for both CCA-IMT (interaction, p = .05) and bulb-ICA-
IMT (interaction, p = .002), but associations of downward mo-
bility with IMT did not differ by sex (interaction, p values 9 .64).
Race did not moderate the association of upward or downward
mobility with either IMT measure (interaction, p values 9 .17).

Ancillary Analyses

Because CCA-IMT and bulb-ICA IMTwere moderately cor-
related (r = 0.43), we reexamined the main-effects analyses for
those participants with data on both IMT measures (n = 2176)
using multivariate statistics. Results of a multivariate multiple

Figure 2. Simple effect associations of downward mobility between Years 5
and 15 with Year 20 common carotid artery intima-media thickness (CCA-IMT)
(A) and Year 20 mean bulbYinternal carotid arteryYintima-media thickness
(bulb-ICA-IMT) (B) by Year 5 occupational standing (OccStand). Models ad-
justed for CARDIA center; demographics; employment history; parents’ medical
history; physiological, medical, and behavioral risk factors; medications; oral
contraceptive/hormone use; Year 5 Framingham score; Year 20 education; and
sonography reader.

Figure 1. Simple effect associations of upward mobility between Years 5 and
15 with Year 20 common carotid artery intima-media thickness (CCA-IMT)
by Year 5 occupational standing (OccStand). Models adjusted for CARDIA
center; demographics; employment history; parents’ medical history; physiolog-
ical,medical, and behavioral risk factors; medications; oral contraceptive/hormone
use; Year 5 Framingham score; Year 20 education; and sonography reader.

Figure 3. Simple effects associations of upward mobility between Years 5
and 15 with Year 20 common carotid artery intima-media thickness (CCA-IMT)
(A) and Year 20 bulbYinternal carotid arteryYintima-media thickness (bulb-ICA-
IMT) (B) by sex. Models adjusted for CARDIA center; demographics; employ-
ment history; parents’ medical history; physiological, medical, and behavioral
risk factors; medications; oral contraceptive/hormone use; Year 5 Framingham
score; Year 20 education; and sonography reader.
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regression model that examined CCA-IMT and bulb-ICA-IMT
as dependent variables revealed a significant effect of down-
ward mobility (F(2,2142) = 3.00, Wilks , p G .05). Results of
follow-up univariate analyses were similar to those reported
previously in that downward mobility was associated with less
CCA-IMT (p= .50) butwas unrelated to bulb-ICA-IMT (p= 50).
By comparison, there was no multivariate effect of upward
mobility (F(2,2142) = 1.16, Wilks , p = .31), which again was
consistent with the previously reported findings.

DISCUSSION
The present findings suggest that the association of 10-year

change in occupational standingVor occupational mobilityV
with later carotid artery IMT differs with the direction of change,
initial occupational standing, and sex. Associations were inde-
pendent of demographic characteristics, employment status, par-
ents’ medical history, physiological and medical risk factors,
health behaviors, FRS, initial occupational standing, education,
and sonography reader.

When examined in the entire sample, occupational mobility
was largely unrelated to IMT save for an unexpected associa-
tion of downward change with less CCA-IMT. Collapsing across
the entire sample, however, masked a more complicated asso-
ciation. Specifically, for those with lower initial occupational
standings, upward mobility was associated with less CCA-IMT
and downward mobility with greater CCA-IMT and bulb-ICA-
IMT. In stark contrast, for those with higher initial standings,
upward mobility was associated with greater CCA-IMT, whereas
downward mobility was unrelated to either IMT measure. These
findings are consistent with those of Nilsson and colleagues
(14) who found both upward and downward changes in occu-
pational standing to correlate with an elevated risk of premature
mortality.

Loss of standing generally is thought to be associated with
greater psychological stress (33). In turn, stress, via influences
on the autonomic nervous system, hypothalamic-pituitary-
adrenal axis, and poor health practices, may disrupt physio-
logical homeostasis and initiate allostatic processes (34,35).
This explanation is consistent with the findings for those with
lower initial standings. Moreover, it is possible that this asso-
ciation is exacerbated in persons with low SES because they are
more likely to experience other stressful life events (34) and
are deficient in the resources necessary to cope successfully with
the stress of downward mobility. It follows that upward mobility
may decrease stress among these individuals, ultimately having
a protective effect on future IMT via down-regulation of the
processes described previously.

Why, then, would upward mobility correlate with greater
CCA-IMT among those of high initial standing? Upward mo-
bility may be accompanied by costs and benefits, and the cost-to-
benefit ratio may be greater as one ascends the socioeconomic
ladder. For example, for someone who is financially secure, the
pay increase associated with movement to a higher job position
may not offset the stress associated with greater responsibility
or the need to spend more time at work. That such concomi-
tants of upward mobility could have implications for CVD risk is

suggested by evidence that patients being treated for myocardial
infarction are more likely to report increased work responsibili-
ties before hospitalization relative to age-matched controls (36).

The relation of upward mobility with IMT also differed
by sex, such that increasing standing was associated with less
IMT among men only. The more reliable effect for men may
be due to men receiving greater psychological benefits and,
by extension, greater physiological benefits from upward oc-
cupational mobility. Alternatively, women may enjoy similar
benefits but experience greater costs. Workplace advancement
is more difficult for women than for men at all SES levels (37).
Thus, among women, the rewards associated with actually hav-
ing attained a comparatively higher standing may only partially
compensate for the stress experienced during the process of
pursuing that goal. Moreover, because women tend to assume
more family responsibilities than men do, the increase in work-
related obligations associated with upward mobility may con-
tribute to greater role conflict and hence greater psychological
stress. We tested this hypothesis empirically by examining the
three-way interaction of sex by initial standing by upward
mobility, but the complex interaction did not achieve statisti-
cal significance, conceivably because of low power (data not
shown). Another factor that might contribute to these sex dif-
ferences involves disparity between men and women in the
extent of carotid artery disease at middle age. Carotid plaque
area is greater for men than for women at all ages, but women’s
trajectories of age-related plaque increase begin to steepen at
midlife (38). Although the age range of the present sample at Year
20 encompasses this period of accelerated plaque development
among women, the variability in plaque area among women may
not yet have been sufficient to detect an association with occu-
pational mobility.

Unlike sex and initial occupational standing, race did not
moderate the association of occupational mobility with either
IMT measure, thus suggesting that the findings reported here
are consistent across blacks and whites. Because no other study,
to the best of our knowledge, has investigated potential race dif-
ferences in the association of occupational mobility with health
outcomes of any kind, additional research is necessary to confirm
the present results.

A limitation of the present study is that IMT was not mea-
sured at Year 5. Thus, our findings cannot be interpreted as
representing a truly prospective association. We controlled
for initial health, however, by covarying participants’ Year 5
hypertension histories, as well as their computed Year 5 FRSs
(24). Although not as accurate as controlling for Year 5 IMT,
we feel that the combination of these two variables provides an
appropriate surrogate baseline control. Another limitation is that
neither perceived stress nor job strain was measured at Year 15.
Thus, we were unable to examine whether psychological stress
might be driving the association of occupational mobility with
IMT. Nevertheless, our findings were independent of health be-
haviors, thus suggesting that stress-related changes in life-style
factors may not account for the association. Finally, the effect
of occupational mobility was small, indicating that change in oc-
cupational standing is only one of several factors that influence
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midlife IMT. However, given that occupational mobility is
a common experience among most adults, even a small effect
can have important implications for CVD risk in the larger
population.

Despite these limitations, the present findings provide a
unique perspective on the association of SES with physical dis-
ease. That occupational mobility should be associated with var-
iation in a marker of early cardiovascular pathogenesis among
generally healthy adults suggests that changes in SES may in-
fluence CVD risk at very early points in disease development.

REFERENCES
1. Adler NE, Boyce T, Chesney MA, Cohen S, Folkman S, Kahn RL,

Syme SL. Socioeconomic status and health: the challenge of the gradient.
Am Psychol 1994;49:15Y24.

2. Seeman TE, Crimmins E. Social environment effects on health and aging:
integrating epidemiologic and demographic approaches and perspectives.
Ann N YAcad Sci 2001;954:88Y117.

3. Hemingway H, Shipley M, Macfarlane P, Marmot M. Impact of socio-
economic status on coronary mortality in people with symptoms, electro-
cardiographic abnormalities, both or neither: the original Whitehall study
25 year follow up. J Epidemiol Community Health 2000;54:510Y6.

4. Kuper H, Adami HO, Theorell T, Weiderpass E. The socioeconomic gradi-
ent in the incidence of stroke: a prospective study in middle-aged women
in Sweden. Stroke 2007;38:27Y33.

5. Salomaa V, Niemela M, Miettinen H, Ketonen M, Immonen-Raiha P,
Koskinen S, Mahonen M, Lehto S, Vuorenmaa T, Palomaki P, Mustaniemi
H, Kaarsalo E, Arstila M, Torppa J, Kuulasmaa K, Puska P, Pyorala K,
Tuomilehto J. Relationship of socioeconomic status to the incidence and
prehospital, 28-day, and 1-year mortality rates of acute coronary events in
the FINMONICA myocardial infarction register study. Circulation 2000;
101:1913Y8.

6. Pickering T. Cardiovascular pathways: socioeconomic status and stress
effects on hypertension and cardiovascular function. Ann N Y Acad Sci
1999;896:262Y77.

7. Kaplan GA, Keil JE. Socioeconomic factors and cardiovascular disease:
a review of the literature. Circulation 1993;88:1973Y98.

8. Blane D, Harding S, Rosato M. Does social mobility affect the size of
the socioeconomic mortality differential? Evidence from the Office for
National Statistics Longitudinal Study. J R Stat Soc Ser A Stat Soc 1999;
162:59Y70.

9. Claussen B, Smits J, Naess O, Davey Smith G. Intragenerational mobility
and mortality in Oslo: social selection versus social causation. Soc Sci Med
2005;61:2513Y20.

10. Hallqvist J, Lynch J, Bartley M, Lang T, Blane D. Can we disentangle life
course processes of accumulation, critical period, and social mobility?
An analysis of disadvantaged socio-economic positions and myocardial
infarction in the Stockholm Heart Epidemiology Program. Soc Sci Med
2004;58:1555Y62.

11. Melchior M, Berkman LF, Kawachi I, Krieger N, Zins M, Bonenfant S,
Goldberg M. Lifelong socioeconomic trajectory and premature mortality
(35Y65 years) in France: findings from the GAZEL Cohort Study. J Epide-
miol Community Health 2006;60:937Y44.

12. Rosvall M, Chaix B, Lynch J, Lindstrom M, Merlo J. Similar support
for three different life course socioeconomic models on predicting pre-
mature cardiovascular mortality and all-cause mortality. BMC Public Health
2006;6:203.

13. Hart CL, Davey Smith G, Blane D. Social mobility and 21 year mortality
in a cohort of Scottish men. Soc Sci Med 1998;47:1121Y30.

14. Nilsson PM, Nilsson JA, Ostergren PO, Berglund G. Social mobility, mari-
tal status, and mortality risk in an adult life course perspective: the Malmo
Preventive Project. Scand J Public Health 2005;33:412Y23.

15. Zarins CK, Giddens DP, Bharadvaj BK, Sottiurai VS, Mabon RF,
Glagov S. Carotid bifurcation atherosclerosis. Quantitative correlation of
plaque localization with flow velocity profiles and wall shear stress.
Circ Res 1983;53:502Y14.

16. Zureik M, Temmar M, Adamopoulos C, Bureau JM, Courbon D,
Thomas F, Bean K, Touboul PJ, Ducimetiere P, Benetos A. Carotid
plaques, but not common carotid intima-media thickness, are indepen-
dently associated with aortic stiffness. J Hypertens 2002;20:85Y93.

17. Stevens G, Cho JH. Socioeconomic indices and the new 1980 census
occupational classification scheme. Soc Sci Res 1985;14:142Y68.

18. Rosvall M, Ostergren PO, Hedblad B, Isacsson SO, Janzon L, Berglund G.
Socioeconomic differences in the progression of carotid atherosclerosis
in middle-aged men and women with subclinical atherosclerosis in Sweden.
Soc Sci Med 2006;62:1785Y98.

19. Gallo LC, Troxel WM, Matthews KA, Jansen-McWilliams L, Kuller LH,
Sutton-Tyrrell K.Occupation and subclinical carotid artery disease inwomen:
are clerical workers at greater risk? Health Psychol 2003;22:19Y29.

20. Lynch J, Kaplan GA, Salonen R, Salonen JT. Socioeconomic status
and progression of carotid atherosclerosis. Prospective evidence from the
Kuopio Ischemic Heart Disease Risk Factor Study. Arterioscler Thromb
Vasc Biol 1997;17:513Y9.

21. Ranjit N, Diez-Roux AV, Chambless L, Jacobs DRJ, Nieto FJ, Szklo M.
Socioeconomic differences in progression of carotid intima-media thick-
ness in the Atherosclerosis Risk in Communities study. Arterioscler Thromb
Vasc Biol 2006;26:411Y6.

22. Friedman GD, Cutter GR, Donahue RP, Hughes GH, Hulley SB,
Jacobs DRJ, Liu K, Savage PJ. CARDIA: study design, recruitment, and
some characteristics of the examined subjects. J Clin Epidemiol 1988;41:
1105Y16.

23. Polak JF, Person SD, Wei GS, Godreau A, Jacobs DRJ, Harrington A,
Sidney S, O’Leary DH. Segment-specific associations of carotid intima-
media thickness with cardiovascular risk factors. The Coronary Artery Risk
Development in Young Adults (CARDIA) Study. Stroke 2010;41:9Y15.

24. Anderson KM, Wilson PW, Odell PM, Kannel WB. An updated coro-
nary risk profile. A statement for health professionals. Circulation 1991;83:
356Y62.

25. Gardin JM, Wagenknecht LE, Anton-Culver H, Flack JM, Gidding SS,
Kurosaki T, Wong ND, Manolio TA. Relationship of cardiovascular risk
factors to echocardiographic left ventricular mass in healthy young black
and white adult men and women: the CARDIA Study. Circulation 1995;
92:380Y7.

26. Ganau A, Devereux RB, Roman MJ, De Simone G, Pickering T, Saba PS,
Vargiu P, Simongini I, Laragh JH. Patterns of left ventricular hypertrophy
and geometric remodeling in essential hypertension. J Am Coll Cardiol
1992;19:1550Y8.

27. D’Agostino RBS, Grundy S, Sullivan LM, Wilson P. Validation of the
Framingham coronary heart disease prediction scores: results of a multi-
ple ethnic groups investigation. JAMA 2001;286:180Y7.

28. Kieltyka L, Urbina EM, Tang R, Bond MG, Srinivasan SR, Berenson GS.
Framingham Risk Score is related to carotid artery intima-media thickness
in both white and black young adults: the Bogalusa Heart Study. Athero-
sclerosis 2003;170:125Y30.

29. Touboul PJ, Vicaut E, Labreuche J, Belliard JP, Cohen S, Kownator S,
Portal JJ, Pithois-Merli I, Amarenco P; PARC study participating physi-
cians. Correlation between the Framingham Risk Score and intima media
thickness: the Paroi Arterielle et Risque Cardio-vasculaire (PARC) study.
Atherosclerosis 2007;192:363Y9.

30. Janicki-Deverts D, Cohen S, Matthews KA, Cullen MR. History of
unemployment predicts future elevations in C-reactive protein among
male participants in the Coronary Artery Risk Development in Young Adults
(CARDIA) Study. Ann Behav Med 2008;36:179Y85.

31. Corrao G, Bagnardi V, Zambon A, La Vecchia C. A meta-analysis of
alcohol consumption and the risk of 15 diseases. Prev Med 2004;38:613Y9.

32. Aiken LS, West SG. Multiple Regression: Testing and Interpreting Interac-
tions. Newbury Park, NJ: Sage; 1991.

33. O’Campo P, Eaton WW, Muntaner C. Labor market experience, work
organization, gender inequalities and health status: results from a prospec-
tive analysis of US employed women. Soc Sci Med 2004;58:585Y94.

34. McEwen BS, Stellar E. Stress and the individual. Mechanisms leading to
disease. Arch Intern Med 1993;153:2093Y101.

35. Cohen S, Kessler RC, Gordon LU. Measuring Stress: A Guide for Health
and Social Scientists. New York, NY: Oxford University Press; 1995.

36. Falger PR, Schouten EG. Exhaustion, psychological stressors in the work
environment, and acute myocardial infarction in adult men. J Psychosom
Res 1992;36:777Y86.

37. Harlan SL, Berheide CW. Barriers to Workplace Advancement Experi-
enced by Women in Low-Paying Occupations, Paper 22. New York, NY:
Federal Publications; 1994.

38. Iemolo F, Martiniuk A, Steinman DA, Spence JD. Sex differences in carotid
plaque and stenosis. Stroke 2004;35:477Y81.

D. JANICKI-DEVERTS et al.

802 Psychosomatic Medicine 73:795Y802 (2011)

Copyright © 2011 by the American Psychosomatic Society. Unauthorized reproduction of this article is prohibited.


