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ABSTRACT

Objective Examine whether the relationship between
the pooled cohort equations (PCE) predicted 10-year risk
for atherosclerotic cardiovascular disease (ASCVD) and
absolute risk for ASCVD is modified by socioeconomic
status (SES).

Design Population-based longitudinal cohort study—
Atherosclerosis Risk in Communities (ARIC)—investigating
the development of cardiovascular disease across
demographic subgroups.

Setting Four communities in the USA—Forsyth

County, North Carolina, Jackson, Mississippi, suburbs of

Minneapolis, Minnesota and Washington County, Maryland.

Participants We identified 9782 ARIC men and women
aged 54-73 without ASCVD at study visit 4 (1996—1998).
Primary outcome measures Risk ratio (RR) differences
in 10-year incident hospitalisations or death for ASCVD

by SES and PCE predicted 10-year ASCVD risk categories
to assess for risk modification. SES measures included
educational attainment and census-tract neighbourhood
deprivation using the Area Deprivation Index. PCE risk
categories were 0%—5%, >5%—10%, >10%-15% and
>15%. SES as a prognostic factor to estimate ASCVD
absolute risk categories was further investigated as an
interaction term with the PCE.

Results ASCVD RRs for participants without a high school
education (referent college educated) increased at higher
PCE estimated risk categories and was consistently >1.
Results indicate education is both a risk modifier and
delineates populations at higher ASCVD risk independent
of PCE. Neighbourhood deprivation did modify association
but was less consistent in direction of effect. However, for
participants residing in the most deprived neighbourhoods
(referent least deprived neighbourhoods) with a PCE
estimated risk >10%—15%, risk was significantly
elevated (RR 1.65, 95% Cl 1.05 to 2.59). Education and
neighbourhood deprivation inclusion as an interaction
term on the PCE risk score was statistically significant
(likelihood ratio p<0.0001).

Conclusions SES modifies the association between PCE
estimated risk and absolute risk of ASCVD. SES added into

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Population-based prospective cohort with over three
decades of follow-up data to investigate the devel-
opment of cardiovascular disease across demo-
graphic subgroups are major strengths of this study.

= Hospitalisations for coronary heart disease and
stroke  hospitalisations—an  outcome  mea-
sured—was based on the Atherosclerosis Risk in
Communities abstraction of hospital data, and some
hospitalisations may be missing.

= A potential misclassification bias of area-level
deprivation exposure possibly exists due to not ac-
counting for Atherosclerosis Risk in Communities
participants moving to different neighbourhoods
with a different degree of area-level deprivation
exposure.

ASCVD risk prediction models as an interaction term may
improve our ability to predict absolute ASCVD risk among
socially disadvantaged populations.

INTRODUCTION

Atherosclerotic cardiovascular disease
(ASCVD) is the leading cause of death and
morbidity in the USA and globally.'™ A
substantially higher burden of ASCVD is
experienced among those with lower socio-
economic status (SES).”™* The pooled
cohort equations (PCE) are currently recom-
mended in the USA to estimate the 10-year
risk of ASCVD and guide primary preven-
tion treatment decisions.””™® The PCE does
not currently account for SES factors such as
educational attainment or neighbourhood
deprivation. However, SES measures may
have prognostic value in predicting ASCVD
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outcomes and identifying populations in greatest need of
primary ASCVD prevention.

Existing evidence regarding the prognostic value
of controlling for SES in ASCVD prediction models is
mixed. A recent analysis showed that PCE overestimated
ASCVD risk among low SES populations, but including
SES measures such as household income or educational
attainment in the PCE model did not improve model
calibration." Conversely, prior research evaluating the
use of SES measures, such as household income or neigh-
bourhood deprivation, with the Framingham Risk Score
that estimates coronary heart disease (CHD) risk only,
showed that such measures improved model fit statis-
tics.*>** The latter findings eventually led to ASCVD risk
models, such as QRISK2, primarily used in the UK that
incorporate the Townsend deprivation score, a neigh-
bourhood measure of deprivation.** Such discrepan-
cies have important implications globally and for the
USA, creating uncertainty regarding the importance of
incorporating SES into ASCVD risk prediction models
and the value of SES as a marker to identify individuals
in need of additional ASCVD primary prevention inter-
ventions and services.

How prior ASCVD prediction models incorporated SES
into the model is a potential reason for the discrepancies
in understanding the prognostic value and use of SES in
ASCVD prediction models. SES traditionally is modelled
as an independent risk factor or confounder.'¥™* **
However, SES’s prognostic value in predicting ASCVD risk
is likely identifying populations most impacted by proxi-
mate causes of ASCVD. If true, SES incorporated into risk
prediction models as a risk modifier is more appropriate
in determining ASCVD risk than an independent risk
factor. For example, the health impact of hypertension
over 10 years is different for an individual living in abject
poverty vs an individual residing in an affluent neigh-
bourhood. SES likely modifies the association between
risk estimated from algorithms that use proximate causes
of ASCVD (ie, hypertension and smoking) and actual
ASCVD incidence.

This study explored whether SES modifies the associ-
ation of PCE 10-year estimated risk with actual ASCVD
10-year incidence using data from the Atherosclerosis Risk
in Communities (ARIC) study. That is, actual observed
ASCVD 10-year incidence will vary depending on the PCE
estimated risk and the individual’s SES. We defined SES
along two dimensions typically used in social epidemi-
ology research: educational attainment and neighbour-
hood deprivation.”® Educational attainment as a measure
of individual SES was selected over other measures—for
example, income level—due to being a stable measure of
SES that remain relatively stable over an adult life course
when compared with other measures. We hypothesise
that the long-term effects of proximate causes of ASCVD
measured in the PCE (eg, hypertension and smoking)
impact on actual ASCVD incidence are dependent on
SES (ie, risk modification).

METHODS

Data source

Data obtained for our analyses came from the ARIC
study. In brief, the ARIC study is an ongoing prospective
observational cohort study of 15 792 men and women age
45-64 years, recruited from population-based sampling
from four communities in the USA-Forsyth County,
North Carolina, Jackson, Mississippi, suburbs of Minne-
apolis, Minnesota and Washington County, Maryland.27
The study was designed to investigate the development
of cardiovascular disease across demographic subgroups.
Follow-up has included seven in-person study visits to-date
from the baseline visit in 1987-1989; surveillance of the
cohort continues with annual telephone interviews and
active surveillance of discharges from local hospitals.

Study population

We restricted our analysis to 11 374 ARIC participants
who attended Visit 4 (1996-1998) to maintain an obser-
vational cohort that reflected similar temporal trends in
ASCVD outcomes as the cohorts used to derive the PCE.
We excluded visit 4 participants with prevalent CHD
(N=1210), prior stroke (N=231), participants missing
clinical variables for ASCVD risk assessment (N=155),
and participants missing educational attainment informa-
tion collected at study visit 1 (N=12). Prevalent CHD was
defined as self-reported or physician diagnoses of myocar-
dial infarction at baseline and incident CHD occurring
between baseline and visit 4. We defined prevalent stroke
as self-reported or physician diagnoses of stroke, transient
ischaemic attack and stroke-like symptoms at baseline or
hospitalisation for a definite or probable stroke between
baseline and visit 4. Due to small numbers, we excluded
blacks in Minneapolis and Washington County (N=35).
Three participants were excluded due to unclear incident
ASCVD dates for a final sample of 9728.

Individual-level covariate measures

Trained staff administered in-home interviews that
collected information on demographics, socioeconomic
factors, lifestyle and medical comorbidities. Race, gender
and educational attainment were self-reported. We used
the information on race, gender and educational attain-
ment collected at ARIC visit 1; we used data on age and
medical comorbidities collected during visit 4 for our
analyses.

We categorised smoking status as current or not current
smokers. Hypertension was defined as having a systolic
blood pressure of 140 mm Hg or greater (mean of two
measurements recorded at study visit), diastolic blood
pressure 90 mm Hg or greater (mean of two measure-
ments recorded at study visit) or were taking antihyper-
tensive medications. We classified diabetes as having
a fasting blood glucose level 2126 mg/dL, non-fasting
blood glucose>200 mg/dL, use of antidiabetic medi-
cations or self-reported history of physician-diagnosed
diabetes. We used total cholesterol and high-density lipo-
protein (HDL) levels collected at visit 4 to assess ASCVD
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risk. Pill bottle review, when available, was performed at
every ARIC visit to confirm medication use. Statin medi-
cation use at visit 4 was self-reported or based on medica-
tions brought to the visit.

SES measures

We examined one individual and one neighbourhood
exposure of SES. We classified educational level attain-
ment into three categories: no high school degree, high
school/some college or college graduate and above.
The Area Deprivation Index (ADI) was used to analyse
neighbourhood deprivation.”*™ The ADI is a validated
measure of neighbourhood deprivation that uses 17
different markers to measure area-level deprivation from
2000 census block group-level data. We used the partici-
pants’ census tract according to the nine-digit zip code to
assign ADI. The ADI measures neighbourhood depriva-
tion along a continuum; higher values represent higher
levels of neighbourhood deprivation. We stratified ADI
into three categories according to IQR. Levels chosen to
represent lowest (residing in the least deprived neigh-
bourhoods), top (residing in the most deprived neigh-
bourhoods) and middle two ADI quartiles.

Estimation of ASCVD risk

We estimated individual ASCVD risk using the published
PCE covariate parameters.”” The following factors were
used to estimate ASCVD risk according to the PCE:
age, gender, race (black or other), levels of total choles-
terol, levels of HDL cholesterol, systolic blood pressure,
evidence of treatment for high blood pressure, diabetes
status and current smoker status. We used laboratory
measures collected at visit 4 to estimate risk using the
PCE. We partitioned the ARIC study population into four
categories of 10-year PCE predicted ASCVD risk: 0%-5%,
>5%-10%, >10%-15% and >15%.

Ascertainment of myocardial infarction and stroke outcomes
Hospital records were abstracted to identify hospital-
isations for myocardial infarction and stroke. CHD
and stroke events were classified algorithmically and
following physician review and adjudication, as previ-
ously published.27 3! Criteria for the incidence of definite
or probable myocardial infarction for the ARIC cohort
were based on combinations of chest pain, electrocar-
diographic changes and cardiac enzyme levels during
hospitalisation. Classification of events as fatal myocardial
infarction was based on the following factors: cause of
death on the death certificate for both hospitalised or out
of hospital deaths; and diagnoses at the time of hospital-
isation from medical records before death. The minimum
criterion for definite or probable stroke was evidence of
sudden or rapid onset of neurological symptoms lasting
>24 hours or leading to death, in the absence of a non-
stroke aetiology.?” ** We included adjudicated events that
occurred within 10 years of participants’ visit 4 date (from
1 January 1996 to 31 December 2008) in our analysis.

Statistical analysis

Univariate descriptive statistics examined baseline

participant-level characteristics. We calculated the mean

and SD for continuous variables, percentages for dichot-
omous variables, and median with IQR for ordinal or
nominal variables. We performed bivariate analysis using

Pearson’s * test or Kruskal-Wallis test for categorical data

and a two-sample t-test for continuous variables.

The 10-year incidence rate for hospitalisations or death
for CHD or stroke was estimated in subgroups defined by
education attainment, ADI categories (IQR) and PCE risk
categories (0%-5%, >5%-10%, >10%-15% and >15%).
Incidence rates are presented as per 1000 person-years.
Individual time at risk was measured from visit 4 until an
ASCVD event occurred or one of the censoring events
(whichever came first): death, lost to follow-up or end of
the observation period.

The absolute risk (AR) was calculated as crude cumu-
lative incidence using the pseudo-values methodology,
which accounted for competing risk of death for reasons
other than death due to ASCVD.” We estimated AR
according to participant educational attainment and
ADI, stratified by the PCE 10-year estimated risk category.
We calculated risk ratios (RRs) within each PCE predicted
risk category comparing AR across educational attain-
ment levels and ADI categories. AR differences between
SES measures were estimated for each PCE 10-year esti-
mated risk category (0%-5%, >5%-10%, >10%-15% and
>15%). The referent group for educational attainment
level is a college degree or above, and the referent group
for ADI is residing in the least deprived neighbourhoods
(lowest ADI quartile). Point estimates are reported with
95% Cls.

Generalised linear estimation models with a log-
link function were used to predict the probability of
ASCVD events. The naive model included only the PCE
predicted risk score category as the predictor. To eval-
uate the effect of SES on model fit statistics, additional
models included: (1) education category added as a
predictor and interacted with the PCE score, (2) ADI
category added as a predictor and interacted with the
PCE category and (3) both education and ADI catego-
ries as predictors and interacted with the PCE category.
Generalised linear models compared took the following
form:

1. Prob(ASCVD) = B, (i.Score).

2. Prob(ASCVD) = B, + B,(i.Score) + B,(i.Education) +
B,(.Score x i.Education).

3. Prob(ASCVD) = B + B,(i.Score) + B,(i.ADI) + B,(i.
Score x i.ADI).

4. Prob(ASCVD) = B + B, (i.Score) + B, (i.Education) +
B,(i.ADI) + B,(i.Score x i.Education) + B, (i.Score x
i.ADI).

The likelihood ratio test, Akaike information criterion
and Bayesian information criterion evaluations were
performed to compare model fit statistics of the different
models. All analyses were performed using STATA V.13.
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Patient and public involvement
Patients or the public were not involved in this specific
research project.

RESULTS

Of 9728 ARIC study participants, 1764 (18%) did not
have a high school education (table 1). Participants with
a 10-year predicted risk of ASCVD >15% were older, less
likely to be male and had more comorbid conditions
such as diabetes or hypertension, and more likely to
smoke. Increases in PCE estimated risk categories corre-
sponded to a higher proportion of participants without
a high school degree or residing in the most deprived
neighbourhoods.

Incidence rates stratified by education level, ADI cate-
gory and 10-year PCE estimated risk category are shown
in table 2. A total of 751 incident ASCVD events occurred
over 10 years of follow-up. Mean follow-up was 9.28 years.
As expected, 10-year ASCVD incidence rates increased
with increases in 10-year PCE estimated risk categories.
Conditional on PCE estimated risk category, incidence
rates were higher for participants without a high school
education than participants with a high school education.
Conditional on PCE estimated risk category, incidence
rates were higher for participants residing in the most
deprived neighbourhoods than less deprived neighbour-
hoods, except for participants with PCE estimated risk
of >5%—-10%. Among participants without a high school
degree, incidence rates for ASCVD correlated with the
10-year PCE estimated risk categories. The relationship
between 10-year estimated ASCVD risk and observed
incidence rates of ASCVD varied for all ADI categories
with <15% PCE estimated risk, with less variation for the
degree of neighbourhood deprivation for participants at
the highest PCE estimated risk category of >15%.

Risk modification analysis

Within each PCE predicted risk category, we evaluated
if SES modified the relationship between PCE estimated
risk and actual ASCVD 10-year observed incidence for
each educational attainment level and neighbourhood
deprivation (college-educated and least deprived neigh-
bourhood as the referent) (table 3). Large RR differences
(ie, more than 10%) within stratum-specific PCE esti-
mated risk categories by SES indicates risk modification.
We found that the RR was greater than 1 among those
not having a high school degree for all PCE estimated
risk categories. This result indicated a heavier burden
of ASCVD than in college-educated participants inde-
pendent of PCE estimated risk. This relative increase in
ASCVD risk was statistically significant for groups with
>5%-10% and >10%-15% PCE estimated risk; RR 1.78
(95% CI 1.16 to 2.76) and 2.15 (95% CI 1.39 to 3.34),
respectively. The risk of ASCVD in the most deprived
neighbourhoods (referent least deprived neighbour-
hoods) was significantly higher only for the 10-year PCE

estimated risk category >10%—-15%, RR 1.65 (95% CI 1.05
to 2.59).

In analyses stratified by educational attainment and
neighbourhood deprivation, participants without a high
school degree who resided in the most deprived neigh-
bourhoods had a higher risk of ASCVD for all 10-year
PCE estimated risk categories than other SES groups
(online supplemental table 1 and figure 1). At 10-year
PCE estimated risk categories of 0%-5% and >10%-15%,
having both individual and neighbourhood measures of
low SES (without high school education and residing in
the most deprived neighbourhood) meant a substantially
higher risk of ASCVD than either measure alone; RR 3.64
(95% CI 1.46 to 9.07) and 4.78 (95% CI 1.62 to 14.09)
respectively.

Observed 10-year AR is presented for each education
category, and ADI category across PCE estimated risk cate-
gories (figure 1). We found heterogeneous differences in
AR (ie, risk modification) by SES within stratum-specific
PCE estimated risk categories. For example, the differ-
ence in AR for participants without a high school degree
(referent college-educated) rose by 6 percentage points
for PCE estimated risk of >10%-15%; AR difference
decreased to 3.4 percentage points for PCE estimated risk
>15% (online supplemental figure 2). Heterogeneous
differences in AR for ADI categories were also noted,
although smaller differences than educational attainment
categories. Differences in AR for participants living in the
most deprived neighbourhoods (referent least deprived
neighbourhoods) were 1.2 percentage points higher for
PCE estimated risk of >56%-15%, and 1.6 percentage
points higher for PCE estimated risk 10%-15%.

SES interaction with PCE model analysis

The coefficient for each SES risk factor’s interactions
with estimated risk categories was statistically signifi-
cant, and model fit measures to estimate ASCVD risk
improved (table 4). For example, the likelihood ratio
test comparing models 1 and 4, which included educa-
tion and ADI categories, and their interaction with the
PCE 10-year predicted ASCVD risk categories (model 4:
Prob(ASCVD) =B, + B,(i.Score) + B,(i.Education) + [3,(i.
ADI) + B,(i.Score x i.Education) + B_(i.Score x i.ADI))
demonstrated a statistically significant model improve-
ment when measures of SES was added as an interaction
term with PCE estimated risk category (<0.0001). In
addition, the Akaike information criterion was smaller,
suggesting that educational attainment measures and area
deprivation improved model fit for predicting 10-year
ASCVD outcomes compared with the PCE predicted risk
category alone.

DISCUSSION

In this study, we investigated whether SES’s individual
and neighbourhood measures modify the association
between the PCE risk score and actual 10-year ASCVD
observed outcomes. We also described the excess burden
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Table 2 Event counts and incidence rates stratified by predicted ASCVD, education and ADI

Ratet
ASCVD Ratet per Ratet per per
predicted 1000 person- 1000 person- 1000 person- 1000 person- 1000 person- 1000 person-
risk* Events years years Events years years Events years years
College or above High school/some college No high school degree
0%-5% 28 10.39 2.70 25 10.87 2.30 6 1.94 3.09
>5%-10% 45 10.41 4.32 62 10.66 5.72 32 3.91 8.19
>10%-15% 35 6.58 5.32 50 7.23 6.91 41 3.48 11.79
>15% 145 8.33 17.40 147 9.30 15.81 135 6.31 21.38
Lowest ADI quartile Middle two ADI quartile Top ADI quartile
0%-5% 19 9.68 1.96 24 8.29 2.89 16 5.23 3.06
>5%-10% 56 8.52 6.57 38 8.27 3.99 49 8.23 5.96
>10%-15% 30 5.45 5.51 37 5.45 6.78 59 6.39 9.24
>15% 119 6.62 17.96 127 7.80 16.29 181 9.57 18.92

*Risk categories were estimated using the pooled cohort equations.

TIncidence rate of combined stroke and coronary heart disease was estimated over 10 years.

TADI measures area-level social deprivation and estimated using the census-tract of participants’ 9-digit zip code; higher values represent higher
area-level social deprivation and categories were defined using quartiles of distribution.

ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease.

of ASCVD events among low-SES populations relative to
high-SES populations conditional on PCE estimated risk.
The PCE estimated risk underestimated incidence of
ASCVD events experienced among low-SES groups, and
absolute differences in risk among SES measures became
most pronounced at higher PCE predicted risk catego-
ries, indicating risk modification by measures of SES. Our
results also suggest that SES factors’ value in predicting
incident ASCVD events may vary by PCE predicted risk
levels.

A potential reason for the inconsistent evidence
for SES’s prognostic value to predict 10-year ASCVD
outcomes could be the different outcome model-
ling strategies used in prior studies. Prior studies have
historically modelled SES as an independent risk factor
or confounder.'®* ?* (lassical social epidemiological
frameworks such as the ‘fundamentals causes of health
inequalities theory’ suggest that despite any 10-year esti-
mated risk of ASCVD for an individual at a given time,

the clinical trajectory and outcomes are both influenced
and dependent on the individual’s SES.?® ***" According
to the fundamental cause theory, high-SES individuals,
possess a variety of flexible resources (ie, knowledge,
money, prestige and power) to protect their health in a
way that low-SES individuals cannot. As such, the effects
of the non-SES traditional ASCVD risk factors used in the
PCE (ie, hypertension and total cholesterol) on ASCVD
incidence will likely be modified by whether the indi-
vidual is of lower or higher SES. Our results show that
having at least a college-education was protective against
ASCVD relative to not having a high school degree across
all risk levels, with greater protective effects at higher PCE
estimated risk levels. Living in the least deprived neigh-
bourhood was also protective, but likely less consistently
than an individual SES exposure measure due to the
potential for the ecological fallacy that can occur when
making inferences about individuals based on group-level
factors.

Table 3 RRs comparing observed ASCVD incidence rates across education and ADI categories within each predicted risk

category

Education

ADI

Colleget or
above
RR (95% CI)

10-year ASCVD No high school RR High school/some

Lowestt ADI
quartile
RR (95% CI)

Middle two ADI
quartile RR (95% CI)

Top ADI quartile
RR (95% CI)

predicted risk* (95% CI) college RR (95% CI)

0%-5% 1.16 (0.48 t0 1.53)  0.84 (0.46 to 1.53) 1.00
>5%-10% 1.78(1.16t0 2.76)  1.29 (0.86 to 1.93) 1.00
>10%-15% 2.15(1.39t0 3.34)  1.30 (0.82 to 2.05) 1.00
>15% 1.22 (0.99t0 1.49)  0.92 (0.99 to 1.49) 1.00

*Risk categories were estimated using the pooled cohort equations.
TCollege or above as referent.
FLowest ADI as the referent.

1.61(0.76t03.38)  1.51 (0.75 to 3.04) 1.00
0.92 (0.65t01.32)  0.61 (0.38 to 0.97) 1.00
1.65 (1.05t02.59)  1.22 (0.73 to 2.03) 1.00
1.07 (0.87101.32)  0.93 (0.74 to 1.17) 1.00

ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; RR, risk ratio.
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Education

Abosolute Risk %
g

0%-5% >5%-10% >10%-15% >15%
PCE Predicted Risk Category

#-College or Above  -#-High School/Some College  ~#-No High School

Area Deprivation Index

Absolute Risk %
g

0%-5% >5%-10% >10%-15% >15%
PCE Predicted Risk Category

-=-Top ADI Quartile -m-Median ADI Quartile -® Lowest ADI Quartile
Figure 1 Observed 10-year incidence rate of ASCVD
events by socioeconomic status. A 10-year incidence rate of
ASCVD events by education attainment (A) and ADI (B).Area
Deprivation Index measures area-level social deprivation and
estimated using the census-tract of participants’ 9-digit zip
code. ADI, Area Deprivation Index; ASCVD, atherosclerotic
cardiovascular disease; PCE, Pooled Cohort Equations.

The substantial model fit improvement by interacting
SES factors with the PCE risk score suggests that this model-
ling strategy will significantly improve ASCVD outcome
prediction accuracy, but further analysis is required. Any
10-year ASCVD model that does not account for SES as
a risk modifier may lead to measurement error. Prior
modelling studies and current ASCVD risk models that
incorporate SES into predicting risk do not incorporate
SES as an interaction term into the model.

The current PCE model estimates a graded ASCVD
risk irrespective of SES status. Our results show that the
PCE placed disadvantaged individuals with an inherently
higher risk of ASCVD into the corresponding 10-year
estimated ASCVD risk categories at the expense of over-
estimating risk for higher SES individuals. At the very
least, the PCE will direct ASCVD preventive care to our
most disadvantaged populations. The same population
which research shows are less likely to receive appro-
priate preventive measures are just as likely to receive
needed ASCVD risk management as their higher SES
counterparts when the PCE is used to guide ASCVD
prevention.gg_41

Additional research is needed to improve ASCVD risk
prediction among different SES groups and prevent
ASCVD among disadvantaged populations. Our data only
allow us to describe these epidemiological phenomena of
excess ASCVD events experienced among lower SES indi-
viduals and possible ways to model future risk, but our
analysis does not permit us to identify underlying mech-
anisms. Many unknown factors exist along the socioeco-
logical paradigm that works in concert with individual

Table 4 Comparison of models predicting ASCVD 10-year Incident events with and without measures of socioeconomic

status

Akaike information Bayesian information  Likelihood ratio
Model No criterion* criteriont tests P value
PCEt 9728 2371 2386
i.PCE + i.Education§ 9717 2366 2395 0.004
(i.PCE)x(i.Education) 9717 2331 2374 <0.0001
i.PCE + i.ADIY| 9728 2371 2400 0.14
(i.PCE) x (i.ADI) 9728 2346 2389 <0.0001
i.PCE + i.Education + i.ADI 9717 2366 2409 0.002
(i.PCE) x (i.Education)x(i.ADI) 9717 2328 2458 <0.0001

All models that added in the social deprivation factor as a risk factor was compared with the PCE without a social deprivation factor.
All models that added in social deprivation as an interaction term was compared with the PCE model with social deprivation added as a risk

factor.

*Akaike information criterion measures goodness-of-fit between observed values and expected values; lower scores compared with referent

indicate an improvement in prediction.

TBayesian information criterion measures goodness-of-fit between observed values and expected values; lower scores compared with a

referent model indicate an improvement in prediction.

FPCE predicted risk was stratified into four categories of risk: 0%-5%; >5%-10%; >10%-15%; >15%.
§Education was stratified into three categories: no high school; high school/some college; college or above (referent).
fIHigher ADI indicates higher neighbourhood deprivation and was stratified into three categories according to the IQR: top ADI quartile;

middle two ADI; lowest ADI quartile (referent).

ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, pooled cohort equations.
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behavioural and physiological factors to lead to a higher
burden of ASCVD among low-SES populations.

These findings have clinical and policy implications,
with current guideline recommendations for using
the PCE model to guide primary prevention ASCVD
strategies in cholesterol management, hypertension
management and aspirin use.'® '® **** For example, at
an estimated 10-year PCE risk of 7.5%, statin therapy is
recommended for primary prevention of ASCVD.'" We
show that a higher SES is a risk-protecting factor, and the
AR of ASCVD does not cross the 7.5% threshold until a
PCE 10-year risk of >15% (figure 1). The use of SES in
estimating an individual’s risk can potentially improve the
efficiency of resource use and more precisely target inter-
ventions to achieve population-level objectives to decrease
the ASCVD burden globally and in the United States.
However, drug therapy decisions for primary prevention
of ASCVD should incorporate other qualifying factors
such as patient preference and not base decisions solely
on ASCVD risk estimates.

We do not advocate for the use of SES in the clinical
decision of ASCVD preventive therapies for US patients
without a validated ASCVD prediction model that incor-
porates SES. Our findings do suggest validation of an
ASCVD prediction model that appropriately incorpo-
rates SES as an ASCVD risk modifier is warranted. Model
validation comparison measures such as net risk reclas-
sification—similar to Mosley et al evaluation of PCE risk
prediction improvement with adding a polygenic risk
score—can help guide decisions on the utility of incorpo-
rating SES to guide clinical decision making.**** In addi-
tion, what and how SES measures are incorporated into
an ASCVD prediction model—for example, summation
of SES factors versus single SES factors—requires further
exploration.*® ¥’

Limitations

The study has several limitations. The ARIC study is
restricted to four communities in the USA and is not
nationally or internationally representative. Further-
more, some communities have limited diversity with
respect to race or SES measures. The measurement of
outcomes based on ARIC abstraction of hospitalisation
data is a strength since it avoids reliance on self-report
of events. However, some hospitalisations may be missing
since comparing Medicare claims to ARIC records
showed that between 10% and 20% of hospitalisations are
missed if only one source is used.*® Internal exploration
of this issue suggested that the additional hospitalisations
were not correlated with our SES measures and did not
substantively affect the results.

Results from our area-level deprivation analyses must
be considered in the context of analytical limitations.
For example, the use of the ADI as an aggregate measure
of SES can potentially introduce ecological fallacy bias.
Furthermore, we did not account for possible move-
ment to other neighbourhoods for our sample over 10
years of follow-up. A potential misclassification bias of

area-level deprivation exposure may exist over time.
We expect that this misclassification bias is likely small.
Our results are conservative estimates because bias from
random measurement error is towards the null. Also, we
did not adjust for ASCVD preventive medication use—
for example, statin therapy—as a time-varying covariate
in our models. While medication use could influence
ASCVD outcome differences by SES, our focus was on
the overall differences in prediction and outcome by SES
rather than on causal pathways of the differences. Last, we
did not control for the ARIC study site in our area-level
deprivation analyses. Without controlling for the ARIC
study site, homogeneity in participant characteristics (ie,
a predominantly African-American/black population vs a
predominantly white population) by ARIC study site may
have resulted in the loss of statistical power to detect a
meaningful difference in ASCVD outcomes according to
ADIL

CONCLUSIONS

This study extends our understanding of the relation-
ship between socioeconomic factors and the risk of heart
disease and stroke outcomes. We find that the associations
of PCE risk score and incident ASCVD are dependent on
education level and area deprivation. Our findings may
partially explain the discrepancy in results from earlier
studies evaluating the utility of adding SES as a prog-
nostic measure into ASCVD prediction models. Given
the potentially important clinical and policy implications
of our results, we suggest further refinement of the PCE
model is needed to improve the estimation of risk for all
populations, both historically vulnerable and less vulner-
able populations. We believe the development of a new
ASCVD risk prediction model should apply appropriate
validation methods and use a more racially and ethnically
diverse observational cohort for validation.
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Education and Area Deprivation Index
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Supplement Figure 1. Absolute risk of ASCVD accounting for dose response of both education attainment and Area Deprivation Index.
Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, Pooled Cohort Equations.

*Area Deprivation Index measures area-level social deprivation and estimated using the census-tract of participants’ 9-digit zip code; higher values represent higher area-
level social deprivation and categories were defined using quartiles of distribution.

TAnalysis not powered to estimate the relationship between both socioeconomic status exposure variables simultaneously with absolute risk percentage; and convergence
on 95% confidence interval point estimates were not obtained.
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Supplement Table 1. Risk Ratios comparing 10-year incident ASCVD event rate across Socioeconomic Status (Education and Area Deprivation Index) within category of
predicted risk

10-Year ASCVD Predicted Risk

0%-5% >5%-10% >10%-15% >15%
Area Deprivation Index Area Deprivation Index Area Deprivation Index Area Deprivation Index
Middle Lowest Middle Lowest Middle Lowest Middle Lowest
Top ADI Two ADI  ADI Top ADI Two ADI  ADI Top ADI Two ADI ADI Top ADI Two ADI  ADI
Quartile Quartile  Quartile Quartile  Quartile  Quartile Quartile  Quartile  Quartile Quartile  Quartile  Quartile
RR (95% RR(95%  RR (95% RR(95% RR(95% RR(95% RR(95% RR(95%  RR(95% RR(95% RR(95% RR(95%
Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl)
3.64 1.59 1.18 1.10 4.78 1.88 4.93 1.28 1.22 1.31
No High (1.46- (0.92- (0.51- (0.35- (1.62- (0.69- (1.94- (0.94- (0.84- (0.85-
School” 9.07) - - 2.76) 2.72) 3.48) 14.09) 5.15) 12.50) 1.74) 1.77) 2.02)
High 1.23 1.23 1.07 1.04 0.69 1.48 2.28 2.48 2.52 0.95 0.90 1.08
School/Some (0.43- (0.49- (0.39- (0.58- (0.36- (0.87- (0.89- (0.95- (0.97- (0.68- (0.65- (0.75-
College 3.54) 3.09) 2.92) 1.88) 1.32) 2.53) 5.82) 6.47) 6.52) 1.34) 1.26) 1.54)
1.08 2.33 0.66 0.62 2.59 2.48 1.20 0.97
College or (0.30- (0.94- (0.28- (0.28- (1.00- (0.97- (0.85- (0.67-
Above 3.87) 5.75) 1.00 1.53) 1.36) 1.00 6.70) 6.36) 1.00 1.69) 1.40) 1.00

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; RR, relative risk.
“Risk ratio cannot be estimated for social deprivation category at a predicted risk of 0-5% due to lack of ASCVD incidence for category.
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Supplement Figure 2. Difference in 10-year absolute risk of ASCVD events between levels of socioeconomic status, conditional on

predicted risk category.

Education Attainment

PCE Risk Category

Absolute Risk %
(95% CI)

Absolute Risk % Difference
(College or Above Referent)

0%-5% 2.9% (0.9%-6.7%) ] oex

>5%-10% 7.6% (5.0%-10.2%) e

>10%-15% 11.1% (8.4%-13.8%) 6.0%
>15% 19.1% (17.1%-21.0%) R

0%-5% 2.1% (0.5%-3.7%) 0a%

>5%-10% 5.5% (3.9%-7.1%) 12%
>10%-15% 6.7% (4.8%-8.6%) 1.6%
>15% 14.5% (12.9%-16.1%) -1.2%

0%-5% 2.5% (0.9%-4.2%)

>5%-10% 4.3% (2.6%-5.9%) Referent

>10%-15%

>15%

5.1% (3.1%-7.2%)

15.7% (14.0%-17.4%)

Area Deprivation Index

PCE Risk Category

Absolute Risk %
(95% CI)

Absolute Risk % Difference
(Lowest ADI Quartile as Referent)

0%-5% 2.9% (0.6%-5.2%) o

>5%-10% 5.8% (4.0%-7.6%) osx| -

>10%-15% 8.8% (6.8%-10.8%) 25
>15% 17.2% (15.6%-18.8%) 12%

0%-5% 2.7% (0.9%-4.5%) | 0%
>5%-10% 3.8% (2.0%-5.6%) 25%

>10%-15% 6.5% (4.3%-8.7%) R
>15% 14.8% (13.1%-16.6%) 1.2%

0%-5% 1.8% (0.1%-3.5%)

>5%-10% 6.3% (4.5%-8.1%) Referent

>10%-15%

>15%

5.3% (3.1%-7.6%)

16.0% (14.1%-17.9%)

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease
*Predicted risk categories were estimated using the Pooled Cohort Equations.
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