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Abstract
Purpose: We examined socioeconomic position (SEP) disparities in cardiovascular health before and after an exercise
intervention.
Methods: Data were from the Examination of Mechanisms of Exercise-Induced Weight Compensation (E-MECHANIC)
study. Cardiovascular health was measured through a composite score combining body mass index, systolic blood
pressure, cholesterol, and glucose. SEP was assessed using a single measure that combined income and education.
Results: At baseline, there was no significant difference in cardiovascular health between high and low SEP par-
ticipants. Post-intervention, this difference reached significance.
Conclusion: Although cardiovascular health improved for exercise intervention participants, SEP disparities in
cardiovascular health persisted during the trial.
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Introduction
Cardiovascular disease is the leading cause of death in
the United States.1 Research into the factors that influ-
ence cardiovascular health has shown that social deter-
minants are relevant for understanding cardiovascular
disease risks and outcomes.2 Social determinants are
the conditions in which people are born, grow, live,
work, and age.3 Havranek et al. identified six social de-
terminants of cardiovascular health, including socio-
economic position (SEP), which is often measured
through income, education, and employment/occupa-
tion to capture the economic resources available to
an individual.2 Importantly, a large body of research
has shown SEP disparities in cardiovascular disease
and mortality, with higher and lower SEP being associ-
ated with better and worse cardiovascular health, re-
spectively.2,4–8

Health disparities associated with SEP hold implica-
tions for interventions by potentially influencing het-
erogeneous response among participants. A number
of intervention-based studies targeting health improve-
ment have assessed intervention effectiveness accord-
ing to SEP. Focusing on cardiovascular health, Govil
et al.9 examined the effectiveness of the Multisite Car-
diac Lifestyle Intervention Program between low and
high socioeconomic status (SES) participants. Although
they saw differences in coronary risk factors at the be-
ginning of the study, after the intervention the re-
searchers did not witness differences in response to
the intervention between low and high SES participants
with both groups improving in coronary risk factors.
Similar questions have been investigated in interven-
tions targeting diabetes and obesity prevention. In the
Diabetes Prevention Program (DPP), Wing et al.10
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examined the effect of socioeconomic measures, in-
cluding income, on weight loss response to the DPP
lifestyle intervention and found no significant influence
of socioeconomic variables on a participant’s ability
to achieve weight loss. The Programme for the Preven-
tion of Type 2 Diabetes in Finland (FIN_D2D) was a
lifestyle intervention targeting diabetes prevention.11

Rautio et al.11 found that SEP did not influence the
effect of the FIN_D2D intervention with equivalent
response in all SEP groups. However, after the Special
Diabetes Program for Indians Diabetes Prevention
(SDPI_DP), Jiang et al.12 found SES disparities in
weight outcomes after the intervention. In their review,
Beauchamp et al.13 reported mixed findings regarding
the effectiveness of obesity prevention interventions
between different SEP groups, with studies being
both effective and ineffective in lower SEP participants.

Above and beyond intervention effectiveness, it is
also important to understand how interventions im-
pact SEP health disparities. Although interventions
may achieve health improvements in participants of
varying SES, SEP health disparities may persist in the
context of an intervention and, in turn, an effective in-
tervention can maintain or increase SEP inequities in
the health outcome of interest.14,15 Given this, the ob-
jective of this study was to investigate how an interven-
tion impacted SEP disparities in cardiovascular health.
This objective was achieved by examining SEP-based
differences in cardiovascular health before and after
the Examination of Mechanisms of Exercise-Induced
Weight Compensation (E-MECHANIC) exercise trial.

Methods
Participants
Data were drawn from the E-MECHANIC random-
ized controlled exercise trial (ClinicalTrials.gov ID:
NCT01264406). The full details of the trial design
and primary results are published elsewhere.16,17 In
brief, E-MECHANIC tested the effect of exercise on en-
ergy intake and body weight by randomizing 198 seden-
tary participants with overweight or obesity in a 1:1:1
ratio with (1) a nonexercise control group or one of
two exercise conditions that reflected exercise guidelines
for (2) general health (8 kcal/kg body weight per week [8
KKW]) or (3) weight loss (20 KKW) for 6 months. The
nonexercise control group received health information
only. The 8 KKW exercise group completed their full ex-
ercise dose from the beginning of the 6 months. The 20
KKW exercise group ramped up their exercise dose from
8 KKW during week 1 to 14 KKW during week 2 and 20

KKW during week 3. By the end of the third week, par-
ticipants performed 100% of their weekly exercise dose
for 3–4 days in the 8 KKW group and for 3–5 days in
the 20 KKW group. All exercise training occurred on a
treadmill and all exercise sessions were monitored/su-
pervised on-site at Pennington Biomedical Research
Center (PBRC) by study staff.

For this study, we analyzed data for those partici-
pants (n = 133) who received either of the two exercise
doses to focus on response in cardiovascular health to a
prescribed, structured, and tightly controlled exercise
intervention. All study procedures and secondary
data analyses were approved by the PBRC Institutional
Review Board and all participants provided written in-
formed consent.

Measures
Dependent variable: cardiovascular health. The
American Heart Association (AHA) set national goals
for cardiovascular health, including seven metrics for
ideal cardiovascular health that encompass both health
behaviors and health factors.18 For this study, we mea-
sured four AHA cardiovascular health metrics: body
mass index, systolic blood pressure, cholesterol, and
glucose. We created a composite cardiovascular health
score based upon ideal (2 points), intermediate (1 point),
and poor (0 points) health for each metric for a possi-
ble range of 0–8 points (worst to best cardiovascular
health).19 These scores were calculated at baseline and
postintervention.

Primary exposure: SEP. We measured SEP using self-
reported income and level of education. Income was
reported in increments of $20,000 or $30,000 from
<$10,000 to >$130,000. Educational attainment was
reported as some high school, high school diploma/
General Educational Development (GED), 1–3 years
of college, college degree, or postgraduate degree. To
assess the simultaneous influence of multiple indicators
of SEP,2 we created a single factor score using principal
components analysis with income and education, con-
trolling for race. We next categorized participations as
high SEP (=1) or low SEP (=0) according to whether
their SEP factor score fell above (high SEP) or below
(low SEP) 0.

Statistical analysis
We regressed cardiovascular health scores against SEP in
a linear repeated-measures mixed model, controlling for
gender, age, marital status, and race, using Kenward–
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Roger approximation to calculate denominator degrees
of freedom for fixed effect tests (SAS version 9.4,
PROC MIXED).20 We included an interaction term be-
tween time (baseline vs. postintervention) and SEP to
examine differences of least squares means (LS-
means), which were adjusted for multiple comparisons
(Tukey–Kramer). p-Value <0.05 was used to determine
significance. The final analytic sample consisted of 115
participants who received the E-MECHANIC exercise
intervention and had no missing data for all variables.

Results
Participants were largely female and married with an
average age of 48 years and 30% of the sample was
African American (Table 1). The mean cardiovascular
health factor score at baseline was 5.1 points (standard
deviation [SD] = 1.2 points) and 5.4 points (SD = 1.2
points) post-intervention. Regression analysis revealed
that the exercise intervention increased cardiovascular
health overall during the 6-month trial ( p < 0.001).
The time-by-SEP interaction term was not significant
( p = 0.160), indicating that the E-MECHANIC exercise
intervention effectively increased cardiovascular health
for both high and low SEP participants. At baseline,
participants in the high SEP group had higher cardio-
vascular health scores, although the difference was
not significant (LS-means difference = 0.44; p = 0.255).

However, after the exercise intervention, the difference
in cardiovascular health scores between high and low
SEP participants not only increased but also reached
significance (LS-means difference = 0.67; p = 0.029)
(Fig. 1).

Table 1. Participant Characteristics and Cardiovascular Health from the Examination of Mechanisms of Exercise-Induced
Weight Compensation Exercise Intervention

Variables Total High SEP Low SEP

n 115 65 50
Female, n (%) 83 (72) 42 (65) 41 (82)*
Age, mean (SD) [range] 48 (11.7) [21–65] 49 (10.9) [21–65] 48 (12.7) [25–65]
Married, n (%) 69 (60) 49 (75) 20 (40)*
African American, n (%) 34 (30) 20 (31) 14 (28)
SEP
Income, n (%)

< $10,000 2 (2) 2 (4)
$10,000–$29,999 12 (10) 12 (24)
$30,000–$49,999 15 (13) 2 (3) 13 (26)
$50,000–$79,999 30 (26) 13 (20) 17 (34)
$80,000–$99,999 20 (17) 14 (22) 6 (12)
$100,000–$129,999 18 (16) 18 (28)
> $130,000 18 (16) 18 (28)

Education, n (%)
Some high school 1 (1) 1 (2)
High school diploma/GED 9 (8) 9 (18)
1–3 Years college 29 (25) 10 (15) 19 (38)
College degree 46 (40) 26 (40) 20 (40)
Postgraduate degree 30 (26) 29 (45) 1 (2)

CVH score, mean (SD) [range]
Baseline 5.1 (1.2) [2–7] 5.2 (1.3) [2–7] 5.0 (1.2) [2–7]
Post-intervention 5.4 (1.2) [2–8] 5.6 (1.1) [3–8] 5.2 (1.2) [2–7]*

*p < 0.05, significant difference between high SEP and low SEP.
SD, standard deviation; SEP, socioeconomic position.

FIG. 1. Cardiovascular health between low SEP
and high SEP participants before and after the E-
MECHANIC exercise intervention. E-MECHANIC,
Examination of Mechanisms of Exercise-Induced
Weight Compensation; SEP, socioeconomic
position.
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Conclusion
This study found that the E-MECHANIC exercise in-
tervention effectively improved cardiovascular health
for participants regardless of SEP. However, our analy-
sis did reveal that differences in cardiovascular health
between high and low SEP participants maintained
over the course of the intervention with high SEP par-
ticipants having significantly better cardiovascu-
lar health than low SEP participants after the trial.
Although other studies and reviews have found
mixed evidence regarding the impact of SEP on inter-
vention effectiveness,9–13 our results highlight the role
of SEP and its impact on cardiovascular health dispar-
ities in the context of an intervention. That is, interven-
tions aimed at improving cardiovascular health can
successfully achieve this goal, but can also maintain
and even widen socioeconomic health disparities.

We point out that the E-MECHANIC trial was not a
lifestyle intervention designed to improve cardiovascular
health through physical activity (i.e., exercise), but in-
stead examined the mechanisms of weight compensation
during an exercise trial, which is both a strength and
weakness of this study. The E-MECHANIC trial pro-
vided a unique opportunity to examine whether SEP
was associated with differential intervention response
in cardiovascular health, as well as how SEP-based health
disparities operated during a structured and tightly con-
trolled intervention with a prescribed exercise dose that
was supervised. Our study identified the influence of
SEP as a social determinant of health and source of
health disparities even within the context of a random-
ized controlled exercise trial with excellent adherence.17

This study holds important implications for
intervention-based research targeting cardiovascular
health, among other relevant health outcomes. Although
interventions can effectively induce improvements in
cardiovascular health to varying degrees across socioeco-
nomic strata, there exists the potential for such interven-
tions to maintain and increase cardiovascular health
disparities. This point has been documented by other
health researchers who utilize the terminology
‘‘intervention-generated inequalities’’ to describe health
inequalities driven by interventions, particularly health
inequities resulting from SEP.14,21 Our research further
fits within this body of literature and its call to examine
the effectiveness and equity of interventions through
critical comparative analysis to better identify and prior-
itize those strategies that not only induce health im-
provement but also have equitable impact.13,14 In order
for interventions to not only be effective but also avoid

creating and perpetuating health inequalities, consider-
ation must be given to the role of socioeconomic health
disparities in intervention development to close the gap
between more and less advantaged groups when it
comes to health improvement. As demonstrated here,
factors that are external or not directly impacted by an
intervention, such as SES and related factors, can still as-
sert influence and shape disparate intervention response.
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