BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Socioeconomic Status and Modification of Atherosclerotic
Cardiovascular Disease Risk Prediction: The Atherosclerosis

Risk in Communities Study

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-058777

Article Type:

Original research

Date Submitted by the
Author:

12-Jan-2022

Complete List of Authors:

Henderson, Kamal; Rocky Mountain Regional VA Medical Center;
University of Colorado Denver School of Medicine, Department of
Population Health Sciences

Kaufman, Brystana ; Duke Clinical Research Institute

Rotter, Jason S.; Mathematica Policy Research Inc Washington DC
Stearns, Sally; University of North Carolina at Chapel Hill Gillings School
of Global Public Health, Health Policy & Management

Sueta, Carla A.; University of North Carolina at Chapel Hill School of
Medicine

Foraker, Randi ; Washington University in St Louis School of Medicine
Ho, P. Michael; University of Colorado, Division of Cardiology and Data
Science to Patient Value Program

Chang, Patricia ; University of North Carolina at Chapel Hill School of
Medicine

Keywords:

PREVENTIVE MEDICINE, Cardiac Epidemiology < CARDIOLOGY, SOCIAL
MEDICINE, Coronary heart disease < CARDIOLOGY, EPIDEMIOLOGY,
Public health < INFECTIOUS DISEASES

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T Se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/

Page 1 of 38

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Socioeconomic Status and Modification of Atherosclerotic Cardiovascular Disease Risk

Prediction: The Atherosclerosis Risk in Communities Study

First Author: Henderson
Short Title: Socioeconomic Status and Cardiovascular Disease Risk Prediction

Authors: Kamal H. Henderson, MD MSc!?; Brystana G. Kaufman, Ph.D. MSPH?; Jason S.
Rotter, Ph.D. MHS#; Sally C. Stearns, Ph.D.’; Carla A. Sueta, MD, Ph.D.%; Randi E. Foraker,
Ph.D.”#; Michael Ho, MD, Ph.D.!?; Patricia P. Chang, MD, MHS?

Author Affiliations: Rocky Mountain Regional Veteran Affairs Medical Center'; University of
Colorado School of Medicine?; Department of Population Health Sciences, Duke University?;
Mathematica Policy Research, Washington D.C.4; Department of Health Policy and
Management, University of North Carolina (UNC) Gillings School of Global Public Health>;
UNC School of Medicine’; Division of General Medical Sciences, Washington University
School of Medicine’; Brown School of Public Health8; UNC School of Medicine®.

Corresponding Author:

Kamal H Henderson

Rocky Mountain Regional VA Medical Center
1700 N Wheeling St

Aurora, CO 80045

Fax: 303-393-2826

Telephone: 720-723-6072

Email: kamal.henderson@cuanschutz.edu

Total Word Count: 3,882

Abstract

1
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 38

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/

Page 3 of 38 BMJ Open

Objective: Examine whether the relationship between the Pooled Cohort Equations (PCE)

predicted 10-year risk for atherosclerotic cardiovascular disease (ASCVD) and absolute risk for

oNOYTULT D WN =

ASCVD is modified by socioeconomic status (SES).

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

15 subgroups.

17 Setting: Four communities in the United States— Forsyth County, North Carolina, Jackson,
Mississippi, suburbs of Minneapolis, Minnesota, and Washington County, Maryland.

22 Participants: We identified 9,782 ARIC men and women age 54-73 without ASCVD at study
24 visit 4 (1996-1998).

Primary outcome measures: Risk ratio (RR) differences in 10-year incident hospitalizations or
29 death for ASCVD by SES and PCE predicted 10-year ASCVD risk categories to assess for risk
31 modification. SES measures included educational attainment and census-tract neighborhood

33 deprivation using the Area Deprivation Index. PCE risk categories were 0%-5%, >5%-10%,
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>10%-15%, and >15%. SES as a prognostic factor to estimate ASCVD absolute risk categories
38 was further investigated as an interaction term with the PCE.

40 Results: ASCVD risk ratios for participants without a high school education (referent college-
educated) increased at higher PCE estimated risk categories and was consistently >1. Results

45 indicate education is both a risk modifier and delineates populations at higher ASCVD risk

47 independent of PCE. Neighborhood deprivation did modify association but was less consistent
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in direction of effect. However, for participants residing in the most deprived neighborhoods
5o (referent least deprived neighborhoods) with a PCE estimated risk >10%-15%, risk was

54 significantly elevated (RR 1.65 [95% CI; 1.05-2.59]). Education and neighborhood deprivation

2
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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 ASCVD risk prediction models as an interaction term may improve

our ability to predict absolute ASCVD risk among socially disadvantaged populations.

Strengths and limitations of the study:
e Population-based prospective cohort with over three decades of follow-up data to

investigate the development of cardiovascular disease across demographic subgroups are
major strengths of this study.

e Hospitalizations for coronary heart disease and stroke hospitalizations — an outcome
measured — was based on the Atherosclerosis Risk in Communities abstraction of hospital
data, and some hospitalizations may be missing.

e A potential misclassification bias of area-level deprivation exposure possibly exists due
to not accounting for Atherosclerosis Risk in Communities participants moving to

different neighborhoods with a different degree of area-level deprivation exposure.
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1 Introduction

2 Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death and

oNOYTULT D WN =

9 3 morbidity in the United States (US) and globally.!* A substantially higher burden of ASCVD is
11 4  experienced among those with lower socioeconomic status (SES).5-'4 The Pooled Cohort

5  Equations (PCE) are currently recommended in the US to estimate the 10-year risk of ASCVD
16 6  and guide primary prevention treatment decisions.!>!® The PCE does not currently account for
18 7  SES factors such as educational attainment or neighborhood deprivation. However, SES
measures may have prognostic value in predicting ASCVD outcomes and identifying

23 9  populations in greatest need of primary ASCVD prevention.

26 10 Existing evidence regarding the prognostic value of controlling for SES in ASCVD
28 11 prediction models is mixed. A recent analysis showed that PCE overestimated ASCVD risk

31 12 among low SES populations, but including SES measures such as household income or

33 13 educational attainment in the PCE model did not improve model calibration.!” Conversely, prior
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35 14 research evaluating the use of SES measures, such as household income or neighborhood

15  deprivation, with the Framingham Risk Score that estimates coronary heart disease risk only,

40 16  showed that such measures improved model fit statistics.2%-?> The latter findings eventually led to
42 17  ASCVD risk models, such as QRISK2, primarily used in the United Kingdom that incorporate
44 18

the Townsend deprivation score, a neighborhood measure of deprivation.?3->> Such discrepancies

47 19  have important implications globally and for the US, creating uncertainty regarding the

N
O
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49 20  importance of incorporating SES into ASCVD risk prediction models and the value of SES as a
31 21  marker to identify individuals in need of additional ASCVD primary prevention interventions

54 22 and services.

60 For peer review only - http://bmjopen(.)bmj.com/site/about/guidelines.xhtmI


http://bmjopen.bmj.com/

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

BMJ Open

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 modeled as an independent risk factor or confounder.'®-
22,24 However, SES's prognostic value in predicting ASCVD risk is likely identifying
populations most impacted by proximate 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 versus an individual residing in an affluent
neighborhood. SES likely modifies the association between risk estimated from algorithms that

use proximate causes of ASCVD (i.e., hypertension and smoking) and actual ASCVD incidence.

This study explored whether SES modifies the association 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
utilized in social epidemiology research: educational attainment and neighborhood deprivation.?
Educational attainment as a measure of individual SES was selected over other measures — e.g.,
income level — due to being a stable measure of SES that remain relatively stable over an adult
life course when compared to other measures. We hypothesize that the long-term effects of
proximate causes of ASCVD measured in the PCE (e.g., hypertension and smoking) impact on

actual ASCVD incidence are dependent on SES (i.e., risk modification).
Methods

Data Source

1
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1 <
2 g
2 1 Data obtained for our analyses came from the Atherosclerosis Risk in Communities =
(%]
5 . . . . . =
6 2 (ARIC) study. In brief, the ARIC study is an ongoing prospective observational cohort study of §
7 S
8 3 15,792 men and women age 45-64 years, recruited from population-based sampling from four g
9 7
1(1) 4  communities in the United States—Forsyth County, North Carolina, Jackson, Mississippi, suburbs 2 é
— =
® w
12 . . . . .
13 5  of Minneapolis, Minnesota, and Washington County, Maryland.?” The study was designed to é %
14 N . . : < 3
15 6 investigate the development of cardiovascular disease across demographic subgroups. Follow-up 3 °
16 CR
17 7  has included seven in-person study visits to-date from the baseline visit in 1987-1989; s R
18 =2
.
;g 8  surveillance of the cohort continues with annual telephone interviews and active surveillance of § 3
o
21 S5 S
22 9  discharges from local hospitals. Institutional review boards at all ARIC centers approved study e <
o
23 - &
24 10 procedures, and participants give written informed consent at each visit. ‘é e
25 =28
26 53
S0 O
27 11 Study Population 23R
28 530
0 2o
31 12 We restricted our analysis to 11,374 ARIC participants who attended Visit 4 (1996-1998) 529
o
32 %E E
33 13 to maintain an observational cohort that reflected similar temporal trends in ASCVD outcomes e 3
34 ERE
. .. . . ERY)
22 14  as the cohorts used to derive the PCE. We excluded Visit 4 participants with prevalent coronary Eg=}
- O
> =
7 . . .. .. . . . =
28 15  heart disease (CHD) (N=1210), prior stroke (N=231), participants missing clinical variables for = _%
39 = 3
40 16  ASCVD risk assessment (N=155), and participants missing educational attainment information a =
41 g 3
42 17  collected at study Visit 1 (N=12). Prevalent CHD was defined as self-reported or physician ; %
43 3 =
. . . . . . . . . 5 o
jg 18  diagnoses of myocardial infarction at baseline and incident CHD occurring between baseline and 2 >
® c
46 s 3
47 19  Visit4. We defined prevalent stroke as self-reported or physician diagnoses of stroke, transient 3 2
48 S S
49 20  ischemic attack, and stroke-like symptoms at baseline or hospitalization for a definite or probable & o
50 =
>
g; 21  stroke between baseline and Visit 4. Due to small numbers, we excluded Blacks in Minneapolis ‘§
o
53 . . _ hd
54 22 and Washington County (N=35). Three participants were excluded due to unclear incident ©
=2
55 g
56 23 ASCVD dates for a final sample of 9,728. 3
57 E
58 S
59 . o2 . o
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Individual-Level Covariate Measures

Trained staff administered in-home interviews that collected information on
demographics, socioeconomic factors, lifestyle, and medical co-morbidities. Race, gender, and
educational attainment were self-reported. We used the information on race, gender, and
educational attainment collected at ARIC Visit 1; we used data on age and medical co-

morbidities collected during Visit 4 for our analyses.

We categorized smoking status as current or not current smokers. Hypertension was
defined as having a systolic blood pressure of 140 mmHg or greater (mean of two measurements
recorded at study visit), diastolic blood pressure 90 mmHg or greater (mean of two
measurements recorded at study visit) or were taking antihypertensive medications. We
classified diabetes as having a fasting blood glucose level >126 mg/dL, non-fasting blood
glucose >200 mg/dL, use of anti-diabetic medications, or self-reported history of physician-
diagnosed diabetes. We used total cholesterol and high-density lipoprotein (HDL) levels
collected at Visit 4 to assess ASCVD risk. Pill bottle review, when available, was performed at
every ARIC Visit to confirm medication use. Statin medication use at Visit 4 was self-reported

or based on medications brought to the visit.
Socioeconomic Status Measures

We examined one individual and one neighborhood exposure of SES. We classified
educational level attainment into three categories: no high school degree, high school/some
college, or college graduate and above. The Area Deprivation Index (ADI) was used to analyze
neighborhood deprivation.?3-3° The ADI is a validated measure of neighborhood deprivation that

utilizes 17 different markers to measure area-level deprivation from 2000 census block group-
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<
[
1 2
2 g
2 1  level data. We used the participants' census tract according to the 9-digit zip code to assign ADI. =
(%]
5 . . . . . =
6 2 The ADI measures neighborhood deprivation along a continuum; higher values represent higher &
7 2
8 3 levels of neighborhood deprivation. We stratified ADI into three categories according to g
9 7
1(1) 4  interquartile range. Levels chosen represent lowest (residing in the least deprived 2 é
— =
® w
12 . . g . . . .
13 5 neighborhoods), top (residing in the most deprived neighborhoods), and middle two ADI é %
14 . S 3
15 6  quartiles. 3 o
16 ERe
17 a R
18 7  Estimation of ASCVD Risk - §
19 5 @
20 SN
= o
;; 8 We estimated individual ASCVD risk using the published PCE covariate parameters. !> a 2
S z
23 = g
24 9  The following factors were used to estimate ASCVD risk according to the PCE: age, gender, § r3n§
25 S8
26 10 race (Black or other), levels of total cholesterol, levels of high-density lipoprotein cholesterol %‘:SD o
27 23R
;g 11 (HDL-C), systolic blood pressure, evidence of treatment for high blood pressure, diabetes status, S 3 g
3w
X E
30 . . . . =1
31 12 and current smoker status. We used laboratory measures collected at Visit 4 to estimate risk 8 ?{g
o
32 %E E
33 13 using the PCE. We partitioned the ARIC study population into four categories of 10-year PCE 5B
34 ERE
. . ERY)
22 14 predicted ASCVD risk: 0%-5%, >5%-10%, >10%-15%, and >15%. Eg=}
- O
37 = §
gg 15 Ascertainment of Myocardial Infarction and Stroke Outcomes %; S
40 3 i
41 . o L o 5 2
42 16 Hospital records were abstracted to identify hospitalizations for myocardial infarction and o 9
43 3 3
44 17  stroke. CHD and stroke events were classified algorithmically and following physician review 2 S
45 T <
o c
j? 18  and adjudication, as previously published.?’-*! Criteria for the incidence of definite or probable :gT i
48 AP o . 8 8
49 19  myocardial infarction for the ARIC cohort were based on combinations of chest pain, 2 N
50 -8
51 20  electrocardiographic changes, and cardiac enzyme levels during hospitalization. Classification %
52 3
;31 21  of events as fatal myocardial infarction was based on the following factors: cause of death on the %
(o}
55 . o . . . o
56 22 death certificate for both hospitalized or out of hospital deaths; and diagnoses at the time of E
57 E
58 S
59 . 4 . o
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hospitalization 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 etiology.?’3> We included adjudicated
events that occurred within ten years of participants' Visit 4 date (from January 1, 1996, through

December 31, 2008) in our analysis.
Statistical Analysis

Univariate descriptive statistics examined baseline participant-level characteristics. We
calculated the mean and standard deviation (SD) for continuous variables, percentages for
dichotomous variables, and median with interquartile range (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 #-test for continuous variables.

The 10-year incidence rate for hospitalizations or death for coronary heart disease or
stroke were estimated in subgroups defined by education attainment, ADI categories
(interquartile range), and PCE risk categories (0%-5%, >5%-10%, >10%-15%, >15%).
Incidence rates are presented as per 1,000 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, loss to follow-up, or end of the observation period.

The absolute risk (AR) was calculated as crude cumulative incidence using the pseudo-
values methodology, which accounted for competing risk of death for reasons other than death
due to ASCVD.3? We estimated absolute risk according to participant educational attainment
and ADI, stratified by the PCE 10-year estimated risk category. We calculated risk ratios (RR)

within each PCE predicted risk category comparing absolute risk across educational attainment
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g
1 2
2 @
]
2 1 levels and ADI categories. Absolute risk differences between SES measures were estimated for =
(%]
5 . .

6 2 each PCE 10-year estimated risk category (0%-5%, >5%-10%, >10%-15%, >15%). The g
7 2
8 3 referent group for educational attainment level is a college degree or above, and the referent g
9 7
1(1) 4  group for ADI is residing in the least deprived neighborhoods (lowest ADI quartile). Point 2 é
— =
® w
:g 5  estimates are reported with 95% confidence intervals (CI). é %
14 g 3
15 o . . . . . g g
16 6 Generalized linear estimation models with a log-link function were used to predict the 2 %
17 a B
18 7  probability of ASCVD events. The naive model included only the PCE predicted risk score % §
19 5 @
=
;? 8  category as the predictor. To evaluate the effect of socioeconomic status on model fit statistics, % iy
=]

«Q
22 a 3
23 9 additional models included: 1) education category added as a predictor and interacted with the E C<Z,
24 L
25 10 PCE score, 2) ADI category added as a predictor and interacted with the PCE category, and 3) g 3g
26 25
;é 11 both education and ADI categories as predictors and interacted with the PCE category. %% E
°2u
29 . . . oW
30 12 Generalized linear models compared took the following form: %g g
[SNONGY
31 a=9
32 13 (1) Prob(ASCVD) = By . B1(i.Score) afg
33 EJ’% T

. . ‘ . . . 3
gg 14 (2) Prob(ASCVD) = B¢ + B1(i.Score) + B3(i.Education) + B4(i.Score x i.Education) 5 @i
36 ‘g ' g
37 15 (3) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.ADI) + B5(i.Score x i.ADI) z §
38 g 5
. . . . . 3. T
zg 16 (4) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.Education) + B3(1.ADI) + B4(i.Score x 2 i
41 . . . : 5 2
42 17 i.Education) + Bs(i.Score x i.ADI) o> 3
43 3 2
44 2 S
45 18  The likelihood ratio test, Akaike Information Criterion, and Bayesian Information Criterion T g
46 > 3
5 o
j; 19  evaluations were performed to compare model fit statistics of the different models. All analyses § :
50 20  were performed using STATA, version 13. 8
51 &
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54 z
55 g
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Patients or the public were not involved in this specific research project.
Results

019,728 ARIC study participants, 1,764 (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 corresponded to a higher proportion of

participants without a high school degree or residing in the most deprived neighborhoods.
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2 @ R
3 -
4 Table 1. Participant Characteristics by 10-year ASCVD Predicted Risk Category” 3 2‘0.
3 Variabl All 0%-5% >5%-10% S1®o-3% >15% Poval
6 arlable (n = 9728) (n = 2383) (n =2652) (n3- 1880) (n=2813) -value
7 Demographics g z
8 Age, mean (SD) 62.61 (5.65) 58.09 (3.29) 61.44 (4.76) 64.81 (219) 66.61 (5.10) <0.001
9 Male, No. (%) 5728 (59) 2203 (92) 1656 (62) SWé%) 999 (36) <0.001
10 Race, No. (%) 32 S
N White 7528 (77) 2097 (76) 2027 (76) 140G3(%5) 2004 (71) <0.001
12 Black 2200 (23) 286 (12) 625 (24) 480379) 809 (29)
13 Clinical Co-morbidities § 2o
14 Hypertension, No. (%) 3875 (40) 460 (19) 865 (33) 72092 1770 (63) <0.001
15 Diabetes, No. (%) 1495 (15) 47 (2) 143 (5) 23 B) 1077 (38) <0.001
16 Total Cholesterol, mean (SD), mg/dL 201.81 (36.48) 201.22 (35.14) 200.63 (36.17) 201.823%.91) 203.4 (37.56) 0.034
17 HDL Cholesterol, mean (SD), mg/dL 50.84 (16.69) 60.11 (16.59) 50.88 (15.56) 48. 8 F1873) 44.48 (14.83) <0.001
18 Current Smoker, No. (%) 1431 (15) 147 (6) 332 (13) 3 B) 622 (22) <0.001
19 Medication Use =im3
20 Statin Use, No. (%) 845 (9) 138 (6) 232 (9) gT® 298 (11) <0.001
21 ARIC Field Center > =
22 Forsyth, NC, No. (%) 2343 (24) 603 (25) 642 (24) 481 (B) 637 (23) <0.001
23 Jackson, MS, No. (%) 1955 (20) 256 (11) 570 (22) 484 (B) 705 (25)
24 Minneapolis, MN, No. (%) 2902 (30) 892 (37) 777 (29) 551 (27) 722 (26)
25 Washington County, MD, No. (%) 2529 (26) 632 (27) 663 (25) 434 (%) 749 (27)
26 Social-Risk Factors = =
27 Educational Attainment @ O
28 College or Above, No. (%) 3843 (40) 1063 (45) 1097 (41) 78 (R) 976 (35) <0.001
29 High School/Some College, No. (%) 4110 (42) 1120 (47) 1132 (43) 728 (H) 1080 (39)
30 No High School, No. (%) 1764 (18) 199 (8) 419 (16) 385 (&) 751 (27)
31 ADI, median (IQR)" 102 (96.3-108.8) 100 (93.8-104.9)  101.9(96.1-108.9)  102.5 ®6.%109.6) 103.2 (97.6-111.5)  <0.001
32 1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; HDL, high- dens1ty§1pogrotem
gi 2 "Risk categories estimated using the Pooled Cohort Equations. o
35 3 TArea Deprivation Index measures area-level social deprivation and estimated using the census-tract of partlclpants 5- é;glt zip code; higher values
36 4 represent higher area-level social deprivation. Z
37 5 3
38 6 ;
39 =
40 7 g
41 =
42 E
43 2
44 8 a
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Incidence rates stratified by education level, ADI category and 10-year PCE estimated
risk category are shown in Table 2. A total of 751 incident ASCVD events occurred over ten
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
neighborhoods than less deprived neighborhoods, 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 neighborhood deprivation

for participants at the highest PCE estimated risk category of >15%.
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g Table 2. Event Counts and Incidence Rates Stratified by Predicted ASCVD, Education, and Area Deprivation Index. < ﬁ
i o
t t t
4 ASCVD Events 1,000 Person Rate’ Per 1,000 Events 1,000 Person Rate’ Per 1,000 Events Eﬂﬂ@Person Rate’ Per 1,000
5 . - Years Person Years Years Person Years c Ydars Person Years
Predicted Risk s
6 College or Above High School/Some College g'o I-ﬂgh School Degree
~
; 0%-5% 28 10.39 2.70 25 10.87 2.30 6 §” g94 3.09
9 >5%-10% 45 10.41 4.32 62 10.66 5.72 32 § r3n§91 8.19
10 >10%-15% 35 6.58 5.32 50 7.23 6.91 41 Eé.g48 11.79
1 >15% 145 8.33 17.40 147 9.30 15.81 135 23631 21.38
g Lowest ADI Quartile Middle Two ADI Quartile 8 3¢ ADI Quartile
14 0%-5% 19 9.68 1.96 24 8.29 2.89 16 ;. 3823 3.06
15 >5%-10% 56 8.52 6.57 33 8.27 3.99 49 5% §23 5.96
@
16 >10%-15% 30 5.45 5.51 37 5.45 6.78 59 gg-§39 9.24
17 >15% 119 6.62 17.96 127 7.80 16.29 181 %E &57 18.92
18 1 D>
19 LE
20 2 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease. Su=
. . . . . > =
21 3 "Risk categories were estimated using the Pooled Cohort Equations. Q-5
22 4 TIncidence rate of combined stroke and coronary heart disease was estimated over ten years. % g
23 5  *Area Deprivation Index measures area-level social deprivation and estimated using the census-tract of panicipant%Q-Eigit zip code; higher values
;g 6  represent higher area-level social deprivation, and categories were defined using quartiles of distribution. 2 S
- (o
26 5 32
277 @ 2
28 ERE!
29 5 3
30 8 T g
31 S @
32 o X~
e N
33 9 Q o
34 8 o
35 2
36 @
37 3
38 g
39 >
40 o
«Q
41 o
42 E
43 =
44 1 2
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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 neighborhood deprivation (college-educated and least deprived
neighborhood as the referent) (Table 3). Large risk ratio differences (i.e., more than 10%) within
stratum-specific PCE estimated risk categories by SES indicates risk modification. We found
that the risk ratio 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 independent of PCE estimated risk. This relative increase in ASCVD risk
was statistically significant for groups with >5%-10% and >10%-15% PCE estimated risk; risk
ratio 1.78 (95% CI; 1.16-2.76) and 2.15 (95% CI; 1.39-3.34) respectively. The risk of ASCVD
in the most deprived neighborhoods (referent least deprived neighborhoods) was significantly
higher only for the 10-year PCE estimated risk category >10%-15%, risk ratio 1.65 (95% CI;

1.05-2.59).

1
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Table 3. Risk ratios comparing observed ASCVD incidence rates across education and ADI categories within each predicted risk cteg®ry
(@] ~
c 3
Education Area Degrivion Index
Q
~
High 3 z
School/Some College” or Top ADI Middie Two ADI Lowest" ADI
10-Year ASCVD No High School College RR (95% Above Quartile Quarsile RR Quartile
Predicted Risk! RR (95% CI) ch RR (95% CI) RR (95% CI) (95% &) RR (95% CI)
RN
HERN
0%-5% 1.16 (0.48-1.53) 0.84 (0.46-1.53) 1.00 1.61 (0.76-3.38) 1.51 @%%3.04) 1.00
gz
~53
>5%-10% 1.78 (1.16-2.76) 1.29 (0.86-1.93) 1.00 0.92 (0.65-1.32) 0.6120%80.97) 1.00
3
B2
>10%-15% 2.15(1.39-3.34) 1.30 (0.82-2.05) 1.00 1.65 (1.05-2.59) 1.22 °§o%§203) 1.00
EX
a =
>15% 1.22 (0.99-1.49) 0.92 (0.99-1.49) 1.00 1.07 (0.87-1.32) 0.9340.7%1.17) 1.00
1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; RR, risk ratio. = _5
2 "College or Above as referent. %; -§
3 TLowest ADI as the referent. @ 2
4 IRisk categories were estimated using the Pooled Cohort Equations. ga’ 3
w o
5 3 =
2 3
8 (=
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In analyses stratified by educational attainment and neighborhood deprivation,
participants without a high school degree who resided in the most deprived neighborhoods had a
higher risk of ASCVD for all 10-year PCE estimated risk categories than other SES groups
(Supplement Table 1). At 10-year PCE estimated risk categories of 0%-5% and >10%-15%,
having both individual and neighborhood measures of low-SES (without high school education
and residing in the most deprived neighborhood) meant a substantially higher risk of ASCVD
than either measure alone; risk ratio 3.64 (95% CI, 1.46-9.07) and 4.78 (95% CI, 1.62-14.09)

respectively.

Observed 10-year absolute risk is presented for each education category, and ADI
category across PCE estimated risk categories (Figure 1). We found heterogeneous differences
in absolute risk (i.e., risk modification) by SES within stratum-specific PCE estimated risk
categories. For example, the difference in absolute risk for participants without a high school
degree (referent college-educated) rose by 6 percentage points for PCE estimated risk of >10%-
15%; absolute risk difference decreased to 3.4 percentage points for PCE estimated risk >15%
(Supplement Figure 1). Heterogenous differences in absolute risk for ADI categories were also
noted, albeit smaller differences than educational attainment categories. Differences in absolute
risk for participants living in the most deprived neighborhoods (referent least deprived
neighborhoods) were 1.2 percentage points higher for PCE estimated risk of >5%-15%, and 1.6

percentage points higher for PCE estimated risk 10%-15%.
Socioeconomic Status Interaction with PCE Model Analysis

The coefficient for each SES risk factor's interactions with estimated risk categories was

statistically significant, and model fit measures to estimate ASCVD risk improved (Table 4). For

1
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2 1 example, the likelihood ratio test comparing models 1 and 4, which included education and ADI =
(%]

5 . .. . . . . . =
6 2 categories, and their interaction with the PCE 10-year predicted ASCVD risk categories [Model &
7 2
8 3 4: Prob(ASCVD) = By + Bi(i.Score) + B,(i.Education) + B3(i.ADI) + B4(i.Score x i.Education) + 8
9 7
[y

1(1) 4 Bs(i.Score x 1.ADI)] demonstrated a statistically significant model improvement when measures é-? E
12 & &
13 5  of SES was added as an interaction term with PCE estimated risk category (p-value <0.0001). g 5
14 S 3
15 6  Additionally, the Akaike information criterion was smaller, suggesting that educational § g
16 S N
=, o

1; 7  attainment measures and area deprivation improved model fit for predicting 10-year ASCVD S E
—. o

19 . . 2 3
20 8  outcomes compared to the PCE predicted risk category alone. c X
21 El=
22 s =
23 9 c 2
24 833
25 3 g
26 10 S o
o220

27 a3l
28 530
29 dwe
30 11 22z
31 529
32 %E E
33 12 5D
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35 =2z
3613 o
37 z 5
38 g 5
39 S o
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42 o 8
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Table 4. Comparison of models predicting ASCVD 10-year Incident events with and without measures of Socioeconomic Sgtus:f
5 S
< ~
S z
Akaike” Information Bayesian® Information 2| Likelihood Ratio Tests
Model Number Criterion Criterion 9 M2 P-Value
nwn
PCE! 9728 2371 2386 322 -
i.PCE + i.Education® 9717 2366 2395 = § S 0.004
(i.PCE)x(i.Education) 9717 2331 2374 gg ; <0.0001
i.PCE + i.ADI! 9728 2371 2400 § % g 0.14
(i.PCE) x (.ADI) 9728 2346 2389 5 <0.0001
=
i.PCE + i.Education + i.ADI 9717 2366 2409 2 2o 0.002
~ o
(i.PCE) x (i.Education)x(i.ADI) 9717 2328 2458 55 = <0.0001
Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, Pooled Cohog. Ecglations.
. . . .. ERY) T
Akaike Information Criterion measures goodness-of-fit between observed values and expected values; lower scorg‘c‘cﬁlpared to referent indicate
. . .. " T
an improvement in prediction. > §
"Bayesian Information Criterion measures goodness-of-fit between observed values and expected values; lower scaes Bompared to a referent
. . . . . . =. o
model indicate an improvement in prediction. 2 3
Pooled Cohort Equations predicted risk was stratified into 4 categories of risk: 0-5%; >5-10%; >10-15%; >15%. € 2.
. . . . . . m
SEducation was stratified into three categories: no high school; high school/some college; college or above (refereng) %
"Higher Area Deprivation Index indicates higher neighborhood deprivation and was stratified into three categories gccgding to the interquartile
range: top ADI quartile; middle two ADI; lowest ADI quartile (referent) 5 §
#All models that added in the social deprivation factor as a risk factor was compared to the Pooled Cohort Equationg without a social deprivation
[¢]
factor. S @
**All models that added in social deprivation as an interaction term was compared to the Pooled Cohort Equations &od@ with social deprivation
. «Q
added as a risk factor. D
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1 Discussion

2 In the current study, we investigated whether SES's individual and neighborhood

oNOYTULT D WN =

9 3 measures modify the association between the PCE risk score and actual 10-year ASCVD

11 4  observed outcomes. We also described the excess burden of ASCVD events among low-SES

5  populations relative to high-SES populations conditional on PCE estimated risk. The PCE

16 6  estimated risk underestimated incidence of ASCVD events experienced among low-SES groups,
18 7  and absolute differences in risk among SES measures became most pronounced at higher PCE
predicted risk categories, indicating risk modification by measures of SES. Our results also

23 9  suggest that SES factors' value in predicting incident ASCVD events may vary by PCE predicted

25 10  risk levels.

28 11 A potential reason for the inconsistent evidence for SES's prognostic value to predict 10-

31 12 year ASCVD outcomes could be the different outcome modeling strategies used in prior studies.

33 13 Prior studies have historically modeled SES as an independent risk factor or confounder.!%-22-24
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35 14  Classical social epidemiological frameworks such as the “fundamentals causes of health

15 inequalities theory” suggest that despite any 10-year estimated risk of ASCVD for an individual
40 16  ata given time, the clinical trajectory and outcomes are both influenced and dependent on the
42 17  individual’s SES.263437  According to the fundamental cause theory, high-SES individuals,

44 18

possess a variety of flexible resources (i.e., knowledge, money, prestige, and power) to protect

47 19  their health in a way that low-SES individuals cannot. As such, the effects of the non-SES

N
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49 20  traditional ASCVD risk factors used in the PCE (i.e., hypertension and total cholesterol) on
31 21  ASCVD incidence will likely be modified by whether the individual is of lower or higher SES.
54 22 Our results show that having at least a college-education was protective against ASCVD relative

56 23 to not having a high school degree across all risk levels, with greater protective effects at higher
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PCE estimated risk levels. Living in the least deprived neighborhood 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.

The substantial model fit improvement by interacting SES factors with the PCE risk score
suggests that this modeling 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 modeling 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 for which research
has shown is less likely to receive appropriate preventive measures.>3#! However, our findings
show that the PCE model may inadvertently lead to the inverse care law.*>* That is, high-SES
individuals, when compared to low-SES individuals, will receive ASCVD prevention measures

out of proportion of their actual need.

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 epidemiologic phenomena of excess ASCVD events experienced among lower

1
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2 1 SES individuals and possible ways to model future risk, but our analysis does not permit us to =
(%]
5 . . . . . . . °
6 2 identify underlying mechanisms. Many unknown factors exist along the socio-ecological §
7 S
8 3 paradigm that works in concert with individual behavioral and physiologic factors to lead to a g
9 7
10 4 higher burden of ASCVD among low-SES populations. 3 é
12 s &
13 . . L . _ 8 g
14 5 These findings have clinical and policy implications, with current guideline g 35
©
15 g @
16 6  recommendations for using the PCE model to guide primary prevention ASCVD strategies in 2 g
17 & R
18 7  cholesterol management, hypertension management, and aspirin use.!%!34445 For example, at an T g
19 5 @
=
;? 8  estimated 10-year PCE risk of 7.5%, statin therapy is recommended for primary prevention of % >
=]

«Q
22 a 3
23 9  ASCVD.!'® We show that a higher SES is a risk-protecting factor, and the absolute risk of S g
24 E rjné
25 10 ASCVD does not cross the 7.5% threshold until a PCE 10-year risk of >15% (Figure 1). The use g 3g
26 25
S0 O
;é 11 of SES in estimating an individual's risk can potentially improve the efficiency of resource use %?D N
°2u
29 . . . f . .. cwns
30 12 and more precisely target interventions to achieve population-level objectives to decrease the %g g
® o
31 a=9
32 13 ASCVD burden globally and in the United States. However, without a validated ASCVD %E E
33 8P
- . . . wo
gg 14  prediction model that incorporates SES in the US, we don’t advocate for the use of SES in the S m3
=< -
37 15  clinical decision of ASCVD preventive therapies for US patients. > 3
38 5 2
39 2 3
40 16  Limitations a >
41 g 3
42 a 8
43 17 The study has several limitations. The ARIC study is restricted to 4 communities in the 3 2
44 2 S
22 18  United States and is not nationally or internationally representative. The measurement of g §
47 5 :‘
48 19  outcomes based on ARIC abstraction of hospitalization data is a strength since it avoids reliance e N
49 8 o
50 20  on self-report of events. However, some hospitalizations may be missing since comparing i
51 Q
0]
gg 21 Medicare claims to ARIC records showed that between 10% to 20% of hospitalizations are §
©
54 . . . . . .. =
55 22 missed if only one source is used.*® Internal exploration of this issue suggested that the additional %
56 S
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58 S
59 . SR AR . o
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hospitalizations 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
movement to other neighborhoods for our sample over 10-years of follow up. A potential
misclassification bias of area-level deprivation exposure may exist. We expect that this
misclassification bias is likely small and non-differential, and our results are conservative
estimates because bias from random measurement error is towards the null. Last, we didn’t
control for the ARIC study site in our area-level deprivation analyses. Without controlling for
the ARIC study site, homogeneity in participant characteristics (i.e., a predominantly African-
American/Black population versus 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 ADI.

Conclusions

The current study extends our understanding of the relationship 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 prognostic measure into ASCVD prediction models. Given the potentially

important clinical and policy implications of our results, we suggest further refinement of the
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1 PCE model is needed to improve the estimation of risk among historically vulnerable and less

2 vulnerable populations.
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Supplement Figure 1. Difference in 10-year absolute risk of ASCVD events between levels of socioeconomic status, conditional on
predicted risk category.

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease

“Predicted risk categories were estimated using the Pooled Cohort Equations.
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Supplement Table 1. Risk Ratios comparing 10-year incident ASCVD event rate across Socioeconomic Status (Education and Area Deprivation Irgex) ithin category of
predicted risk =
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529
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School* 9.07) - - 2.76) 2.72) 3.48) 14.09) 5.15) 12.50) 174 @9 1.77) 2.02)
Su=
=]
Q -
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Above 3.87) 5.75) 1.00 1.53) 1.36) 1.00 6.70) 6.36) 1.00 1.68, 1.40) 1.00

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; RR, relative risi®

“Risk ratio cannot be estimated for social deprivation category at a predicted risk of 0-5% due to lack of ASCVD incidence for categgry.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salbo|o

| @p anbiydeiboijqig aouaby 1e gzog ‘2 aung uol/woo [wqg uadolwagy:dn


http://bmjopen.bmj.com/

]
o =
Page 37 of 38 BMJ Open < 3
o 3
s 8
1 S B
=)
2 STROBE 2007 (v4) Statement—Checklist of items that should be included in reports of cofiort studies
3 % 3
4 =3
Z Section/Topic ::em Recommendation g ; Reported on page #
; Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract § m§ 1
>
(2 7)
9 (b) Provide in the abstract an informative and balanced summary of what was done and whata/@si und 2-3
1 . N
1(1) Introduction o 2 E
12 Background/rationale 2 Explain the scientific background and rationale for the investigation being reported 5] % o 4-5
— Q
U 2]
13 Objectives 3 State specific objectives, including any prespecified hypotheses =5 § 5-6
o (3 [e)
15 Methods a 28
1? Study design Present key elements of study design early in the paper %’:»:-‘; 9; 5-9
18 Setting Describe the setting, locations, and relevant dates, including periods of recruitment, exposure. ﬁlg)w up, and data 5-9
=x%)
19 collection 2"" =
®]
20 Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of participants. Describe gethods of follow-up 6-7
21 = 3
=
22 (b) For matched studies, give matching criteria and number of exposed and unexposed 5 3 na
23 S ©
24 Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect mOdIer?_% G@_e diagnostic criteria, if 7-9
25 applicable % §
(2]
26 Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (meéggur%nent). Describe 9
27 measurement comparability of assessment methods if there is more than one group )
28 &=
29 Bias 9 Describe any efforts to address potential sources of bias @ < 10-11
30 Study size 10 | Explain how the study size was arrived at 3 o 11-12
uantitative variables xplain how quantitative variables were handled in the analyses. If applicable, describe whichrowpings were chosen an -
31 Qi itati iabl 11 | Explainh itati iabl handled in th | If applicable, describe whi by h d 9-11
32 =
33 why 3 o
QD
34 Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding ; 9-11
=3
gg (b) Describe any methods used to examine subgroups and interactions g 9-11
37 (c) Explain how missing data were addressed % 9-11
38 (d) If applicable, explain how loss to follow-up was addressed =3 Na (only used
o
39 Q participants without
40 3 missing)
41 = 8.
42 c
(0]
22 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
45



http://bmjopen.bmj.com/

oNOYTULT D WN =

— >
BMJ Open ‘g ;‘:. Page 38 of 38
g g
S O
g B
| (e) Describe any sensitivity analyses % g 11
Results E N
Participants 13* | (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, exa?minég for eligibility, confirmed | 11-12
eligible, included in the study, completing follow-up, and analysed 2 Z
(b) Give reasons for non-participation at each stage § r:n§ 11-12
(c) Consider use of a flow diagram %é. g No (discussed in
22D text)
Descriptive data 14* | (a) Give characteristics of study participants (eg demographic, clinical, social) and informatlorgogé;i’(posures and potential 11-12
confounders o ® e
(b) Indicate number of participants with missing data for each variable of interest g}% % na
(c) Summarise follow-up time (eg, average and total amount) g @% 8, 25
Outcome data 15* | Report numbers of outcome events or summary measures over time g’% g 25-26
Main results 16 | (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their préigﬁz (eg, 95% confidence 8-10; 22-23
interval). Make clear which confounders were adjusted for and why they were included a \._,_E
(b) Report category boundaries when continuous variables were categorized 3‘_> § 8-11
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meanmgf@ n% period 21,23
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analy ?e -‘E 8-10
Discussion é §_
Key results 18 | Summarise key results with reference to study objectives ; 8 11
Limitations ? §
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multipliat%of ajnalyses, results from 11-14
similar studies, and other relevant evidence _% %
Generalisability 21 | Discuss the generalisability (external validity) of the study results u% : 11-14
Other information 2 §
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for gﬁ\e original study on 15
which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in c

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ort and cross-sectional studies.

| ap anb!udmﬁou(g_g 2oUiab


http://bmjopen.bmj.com/

]
o =
Page 39 of 38 BMJ Open < 3
c S
< 5
1 5 E
2 Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published @ar@les of transparent reporting. The STROBE
\‘
z checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.pIosmed%ine@rg/, Annals of Internal Medicine at
5 http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at W\gw.s?robe—statement.org.
~
6 5] z
: 5o
(2] o
o 352
10 235
1 23N
12 °2 9
13 22z
14 %‘3 o
15 2o 8
16 g;g
>
17 ; 5o
18 VE
:
> =
- o
21 s 3
22 S °
23 g 3
24 - T
25 5 3
a
26 @ g
27 3 =
28 =3
29 § 5
i & %
31 S N
«Q
32 5 o
(6]
33 @ ®
34 Eg
35 o)
36 §
37 ®
38 g
39 8
40 B
>
41 E
42 o
Zi For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml %
45


http://bmjopen.bmj.com/

BMJ Open

BM) Open

Socioeconomic Status and Modification of Atherosclerotic
Cardiovascular Disease Risk Prediction: epidemiological
analysis using data from the Atherosclerosis Risk in

Communities Study

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-058777.R1

Article Type:

Original research

Date Submitted by the
Author:

20-Jun-2022

Complete List of Authors:

Henderson, Kamal; Rocky Mountain Regional VA Medical Center;
University of Colorado Denver School of Medicine, Department of
Population Health Sciences

Kaufman, Brystana ; Duke Clinical Research Institute

Rotter, Jason S.; Mathematica Policy Research Inc Washington DC
Stearns, Sally; University of North Carolina at Chapel Hill Gillings School
of Global Public Health, Health Policy & Management

Sueta, Carla A.; University of North Carolina at Chapel Hill School of
Medicine

Foraker, Randi ; Washington University in St Louis School of Medicine
Ho, P. Michael; University of Colorado, Division of Cardiology and Data
Science to Patient Value Program

Chang, Patricia ; University of North Carolina at Chapel Hill School of
Medicine

<b>Primary Subject
Heading</b>:

Cardiovascular medicine

Secondary Subject Heading:

Epidemiology, Health services research, Public health

Keywords:

PREVENTIVE MEDICINE, Cardiac Epidemiology < CARDIOLOGY, SOCIAL
MEDICINE, Coronary heart disease < CARDIOLOGY, EPIDEMIOLOGY,
Public health < INFECTIOUS DISEASES

ONE™

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiuresy | ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdoo Aq paloaloid

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/

Page 1 of 39

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublosug

e


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Socioeconomic Status and Modification of Atherosclerotic Cardiovascular Disease Risk
Prediction: epidemiological analysis using data from the Atherosclerosis Risk in

Communities Study

First Author: Henderson
Short Title: Socioeconomic Status and Cardiovascular Disease Risk Prediction

Authors: Kamal H. Henderson, MD MSc!?; Brystana G. Kaufman, Ph.D. MSPH?; Jason S.
Rotter, Ph.D. MHS?#; Sally C. Stearns, Ph.D.%; Carla A. Sueta, MD, Ph.D.%; Randi E. Foraker,
Ph.D.”#; Michael Ho, MD, Ph.D.!?; Patricia P. Chang, MD, MHS?

Author Affiliations: Rocky Mountain Regional Veteran Affairs Medical Center'; University of
Colorado School of Medicine?; Department of Population Health Sciences, Duke University?;
Mathematica Policy Research, Washington D.C.4; Department of Health Policy and
Management, University of North Carolina at Chapel Hill (UNC-CH) Gillings School of Global
Public Health’; UNC School of Medicine’; Division of General Medical Sciences, Washington
University School of Medicine’; Brown School of Public Health®; UNC School of Medicine®.

Corresponding Author:

Kamal H Henderson

Rocky Mountain Regional VA Medical Center
1700 N Wheeling St

Aurora, CO 80045

Fax: 303-393-2826

Telephone: 720-723-6072

Email: kamal.henderson@cuanschutz.edu

Total Word Count: 3,882

1
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 39

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/

Page 3 of 39 BMJ Open

Abstract

Objective: Examine whether the relationship between the Pooled Cohort Equations (PCE)

oNOYTULT D WN =

9 predicted 10-year risk for atherosclerotic cardiovascular disease (ASCVD) and absolute risk for
11 ASCVD is modified by socioeconomic status (SES).

Design: Population-based longitudinal cohort study —Atherosclerosis Risk in Communities

16 (ARIC) — investigating the development of cardiovascular disease across demographic

18 subgroups.

Setting: Four communities in the United States— Forsyth County, North Carolina, Jackson,

23 Mississippi, suburbs of Minneapolis, Minnesota, and Washington County, Maryland.

25 Participants: We identified 9,782 ARIC men and women aged 54-73 without ASCVD at study
27 visit 4 (1996-1998).

30 Primary outcome measures: Risk ratio (RR) differences in 10-year incident hospitalizations or
32 death for ASCVD by SES and PCE predicted 10-year ASCVD risk categories to assess for risk

34 modification. SES measures included educational attainment and census-tract neighborhood
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deprivation using the Area Deprivation Index. PCE risk categories were 0%-5%, >5%-10%,

39 >10%-15%, and >15%. SES as a prognostic factor to estimate ASCVD absolute risk categories
41 was further investigated as an interaction term with the PCE.

Results: ASCVD risk ratios for participants without a high school education (referent college-
46 educated) increased at higher PCE estimated risk categories and was consistently >1. Results

48 indicate education is both a risk modifier and delineates populations at higher ASCVD risk

N
O
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independent of PCE. Neighborhood deprivation did modify association but was less consistent
53 in direction of effect. However, for participants residing in the most deprived neighborhoods

55 (referent least deprived neighborhoods) with a PCE estimated risk >10%-15%, risk was

2
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significantly elevated (RR 1.65 [95% CI; 1.05-2.59]). Education and neighborhood 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 ASCVD risk prediction models as an interaction term may improve

our ability to predict absolute ASCVD risk among socially disadvantaged populations.

Strengths and limitations of the study:
e Population-based prospective cohort with over three decades of follow-up data to

investigate the development of cardiovascular disease across demographic subgroups are
major strengths of this study.

e Hospitalizations for coronary heart disease and stroke hospitalizations — an outcome
measured — was based on the Atherosclerosis Risk in Communities abstraction of hospital
data, and some hospitalizations may be missing.

e A potential misclassification bias of area-level deprivation exposure possibly exists due
to not accounting for Atherosclerosis Risk in Communities participants moving to

different neighborhoods with a different degree of area-level deprivation exposure.
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1 Introduction

2 Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death and

oNOYTULT D WN =

9 3 morbidity in the United States (US) and globally.[[!}: 24 A substantially higher burden of

11 4 ASCVD is experienced among those with lower socioeconomic status (SES).I5-14 The Pooled
5  Cohort Equations (PCE) are currently recommended in the US to estimate the 10-year risk of
16 6  ASCVD and guide primary prevention treatment decisions.!'>-181 The PCE does not currently
18 7  account for SES factors such as educational attainment or neighborhood deprivation. However,
SES measures may have prognostic value in predicting ASCVD outcomes and identifying

23 9  populations in greatest need of primary ASCVD prevention.

26 10 Existing evidence regarding the prognostic value of controlling for SES in ASCVD
28 11 prediction models is mixed. A recent analysis showed that PCE overestimated ASCVD risk

31 12 among low SES populations, but including SES measures such as household income or

33 13 educational attainment in the PCE model did not improve model calibration.['”] Conversely, prior
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35 14 research evaluating the use of SES measures, such as household income or neighborhood

15  deprivation, with the Framingham Risk Score that estimates coronary heart disease risk only,

40 16  showed that such measures improved model fit statistics.[?0-22] The latter findings eventually led
42 17  to ASCVD risk models, such as QRISK?2, primarily used in the United Kingdom that incorporate
44 18

the Townsend deprivation score, a neighborhood measure of deprivation.[>3-2] Such

47 19  discrepancies have important implications globally and for the US, creating uncertainty

N
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49 20  regarding the importance of incorporating SES into ASCVD risk prediction models and the value
31 21  of SES as a marker to identify individuals in need of additional ASCVD primary prevention

54 22 interventions and services.
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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 modeled as an independent risk factor or confounder.!1%-22:
241 However, SES's prognostic value in predicting ASCVD risk is likely identifying populations
most impacted by proximate 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 versus an individual residing in an affluent neighborhood.

SES likely modifies the association between risk estimated from algorithms that use proximate

causes of ASCVD (i.e., hypertension and smoking) and actual ASCVD incidence.

This study explored whether SES modifies the association 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
utilized in social epidemiology research: educational attainment and neighborhood
deprivation.[?%] Educational attainment as a measure of individual SES was selected over other
measures — e.g., income level — due to being a stable measure of SES that remain relatively
stable over an adult life course when compared to other measures. We hypothesize that the long-
term effects of proximate causes of ASCVD measured in the PCE (e.g., hypertension and

smoking) impact on actual ASCVD incidence are dependent on SES (i.e., risk modification).
Methods

Data Source

1
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©
<
[
1 <
2 g
2 1 Data obtained for our analyses came from the Atherosclerosis Risk in Communities =
(%]
5 . . . . . =
6 2 (ARIC) study. In brief, the ARIC study is an ongoing prospective observational cohort study of §
7 S
8 3 15,792 men and women age 45-64 years, recruited from population-based sampling from four g
9 7
1(1) 4  communities in the United States—Forsyth County, North Carolina, Jackson, Mississippi, suburbs 2 é
— =
® w
12 . . . . .
13 5  of Minneapolis, Minnesota, and Washington County, Maryland.?”] The study was designed to é %
14 N . . : < 3
15 6 investigate the development of cardiovascular disease across demographic subgroups. Follow-up 3 °
16 CR
17 7  has included seven in-person study visits to-date from the baseline visit in 1987-1989; s R
18 =2
.
;g 8  surveillance of the cohort continues with annual telephone interviews and active surveillance of § 3
o
21 S5 S
22 9  discharges from local hospitals. Institutional review boards at all ARIC centers approved study e <
o
23 - &
24 10 procedures, and participants give written informed consent at each visit. ‘é e
25 =28
26 53
S0 O
27 11 Study Population 23R
28 530
0 2o
31 12 We restricted our analysis to 11,374 ARIC participants who attended Visit 4 (1996-1998) 529
o
32 %E E
33 13 to maintain an observational cohort that reflected similar temporal trends in ASCVD outcomes e 3
34 ERE
. .. . . ERY)
22 14  as the cohorts used to derive the PCE. We excluded Visit 4 participants with prevalent coronary Eg=}
- O
> =
7 . . .. .. . . . =
28 15  heart disease (CHD) (N=1210), prior stroke (N=231), participants missing clinical variables for = _%
39 = 3
40 16  ASCVD risk assessment (N=155), and participants missing educational attainment information a =
41 g 3
42 17  collected at study Visit 1 (N=12). Prevalent CHD was defined as self-reported or physician ; %
43 3 =
. . . . . . . . . 5 o
jg 18  diagnoses of myocardial infarction at baseline and incident CHD occurring between baseline and 2 >
® c
46 > 3
47 19  Visit4. We defined prevalent stroke as self-reported or physician diagnoses of stroke, transient 3 2
48 S S
49 20  ischemic attack, and stroke-like symptoms at baseline or hospitalization for a definite or probable & o
50 =
>
g; 21  stroke between baseline and Visit 4. Due to small numbers, we excluded Blacks in Minneapolis ‘§
o
53 . . _ hd
54 22 and Washington County (N=35). Three participants were excluded due to unclear incident ©
=2
55 g
56 23 ASCVD dates for a final sample of 9,728. 3
57 E
58 S
59 . o2 . o
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Individual-Level Covariate Measures

Trained staff administered in-home interviews that collected information on
demographics, socioeconomic factors, lifestyle, and medical co-morbidities. Race, gender, and
educational attainment were self-reported. We used the information on race, gender, and
educational attainment collected at ARIC Visit 1; we used data on age and medical co-

morbidities collected during Visit 4 for our analyses.

We categorized smoking status as current or not current smokers. Hypertension was
defined as having a systolic blood pressure of 140 mmHg or greater (mean of two measurements
recorded at study visit), diastolic blood pressure 90 mmHg or greater (mean of two
measurements recorded at study visit) or were taking antihypertensive medications. We
classified diabetes as having a fasting blood glucose level >126 mg/dL, non-fasting blood
glucose >200 mg/dL, use of anti-diabetic medications, or self-reported history of physician-
diagnosed diabetes. We used total cholesterol and high-density lipoprotein (HDL) levels
collected at Visit 4 to assess ASCVD risk. Pill bottle review, when available, was performed at
every ARIC Visit to confirm medication use. Statin medication use at Visit 4 was self-reported

or based on medications brought to the visit.
Socioeconomic Status Measures

We examined one individual and one neighborhood exposure of SES. We classified
educational level attainment into three categories: no high school degree, high school/some
college, or college graduate and above. The Area Deprivation Index (ADI) was used to analyze
neighborhood deprivation.[?8-301 The ADI is a validated measure of neighborhood deprivation that

utilizes 17 different markers to measure area-level deprivation from 2000 census block group-
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©
<
[
1 2
2 g
2 1  level data. We used the participants' census tract according to the 9-digit zip code to assign ADI. =
(%]
5 . . . . . =
6 2 The ADI measures neighborhood deprivation along a continuum; higher values represent higher &
7 2
8 3 levels of neighborhood deprivation. We stratified ADI into three categories according to g
9 7
1(1) 4  interquartile range. Levels chosen to represent lowest (residing in the least deprived 2 é
— =
® w
12 . . g . . . .
13 5 neighborhoods), top (residing in the most deprived neighborhoods), and middle two ADI é %
14 . S 3
15 6  quartiles. 3 °
16 ERe
17 a R
18 7  Estimation of ASCVD Risk - §
19 5 @
20 SN
= o
;; 8 We estimated individual ASCVD risk using the published PCE covariate parameters.!3] a 2
S z
23 = g
24 9  The following factors were used to estimate ASCVD risk according to the PCE: age, gender, § r3n§
25 S8
26 10 race (Black or other), levels of total cholesterol, levels of high-density lipoprotein cholesterol %‘:SD o
27 23R
;g 11 (HDL-C), systolic blood pressure, evidence of treatment for high blood pressure, diabetes status, S 3 g
3w
X E
30 . . . . =1
31 12 and current smoker status. We used laboratory measures collected at Visit 4 to estimate risk 8 ?{g
o
32 %E E
33 13 using the PCE. We partitioned the ARIC study population into four categories of 10-year PCE 5B
34 ERE
. . ERY)
22 14 predicted ASCVD risk: 0%-5%, >5%-10%, >10%-15%, and >15%. Eg=}
- O
37 = §
gg 15 Ascertainment of Myocardial Infarction and Stroke Outcomes %; S
40 3 i
41 . o L o 5 2
42 16 Hospital records were abstracted to identify hospitalizations for myocardial infarction and o 9
43 3 3
44 17  stroke. CHD and stroke events were classified algorithmically and following physician review 2 S
45 T <
o c
j? 18  and adjudication, as previously published.[?”-3!] Criteria for the incidence of definite or probable :gT i
48 AP o . 8 8
49 19  myocardial infarction for the ARIC cohort were based on combinations of chest pain, 2 N
50 -8
51 20  electrocardiographic changes, and cardiac enzyme levels during hospitalization. Classification %
52 3
;31 21  of events as fatal myocardial infarction was based on the following factors: cause of death on the %
(o}
55 . o . . . o
56 22 death certificate for both hospitalized or out of hospital deaths; and diagnoses at the time of E
57 E
58 S
59 . 4 . o
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
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hospitalization 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 etiology.[?”- 32 We included adjudicated
events that occurred within ten years of participants' Visit 4 date (from January 1, 1996, through

December 31, 2008) in our analysis.
Statistical Analysis

Univariate descriptive statistics examined baseline participant-level characteristics. We
calculated the mean and standard deviation (SD) for continuous variables, percentages for
dichotomous variables, and median with interquartile range (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 #-test for continuous variables.

The 10-year incidence rate for hospitalizations or death for coronary heart disease or
stroke were estimated in subgroups defined by education attainment, ADI categories
(interquartile range), and PCE risk categories (0%-5%, >5%-10%, >10%-15%, >15%).
Incidence rates are presented as per 1,000 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, loss to follow-up, or end of the observation period.

The absolute risk (AR) was calculated as crude cumulative incidence using the pseudo-
values methodology, which accounted for competing risk of death for reasons other than death
due to ASCVD.[33] We estimated absolute risk according to participant educational attainment
and ADI, stratified by the PCE 10-year estimated risk category. We calculated risk ratios (RR)

within each PCE predicted risk category comparing absolute risk across educational attainment
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g
1 2
2 @
]
2 1 levels and ADI categories. Absolute risk differences between SES measures were estimated for =
(%]
5 . .

6 2 each PCE 10-year estimated risk category (0%-5%, >5%-10%, >10%-15%, >15%). The g
7 2
8 3 referent group for educational attainment level is a college degree or above, and the referent g
9 7
1(1) 4  group for ADI is residing in the least deprived neighborhoods (lowest ADI quartile). Point 2 é
— =
® w
:g 5  estimates are reported with 95% confidence intervals (CI). é %
14 g 3
15 o . . . . . g g
16 6 Generalized linear estimation models with a log-link function were used to predict the 2 %
17 a B
18 7  probability of ASCVD events. The naive model included only the PCE predicted risk score % §
19 5 @
=
;? 8  category as the predictor. To evaluate the effect of socioeconomic status on model fit statistics, % iy
=]

«Q
22 a 3
23 9 additional models included: 1) education category added as a predictor and interacted with the E C<Z,
24 L
25 10 PCE score, 2) ADI category added as a predictor and interacted with the PCE category, and 3) g 3g
26 25
;é 11 both education and ADI categories as predictors and interacted with the PCE category. %% E
°2u
29 . . . oW
30 12 Generalized linear models compared took the following form: %g g
[SNONGY
31 a=9
32 13 (1) Prob(ASCVD) = By . B1(i.Score) afg
33 EJ’% T

. . ‘ . . . 3
gg 14 (2) Prob(ASCVD) = B¢ + B1(i.Score) + B3(i.Education) + B4(i.Score x i.Education) 5 @i
36 ‘g ' g
37 15 (3) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.ADI) + B5(i.Score x i.ADI) z §
38 g 5
. . . . . 3. T
zg 16 (4) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.Education) + B3(1.ADI) + B4(i.Score x 2 i
41 . . . : 5 2
42 17 i.Education) + Bs(i.Score x i.ADI) o> 3
43 3 2
44 2 S
45 18  The likelihood ratio test, Akaike Information Criterion, and Bayesian Information Criterion T g
46 > 3
5 o
j; 19  evaluations were performed to compare model fit statistics of the different models. All analyses § :
50 20  were performed using STATA, version 13. 8
51 &
52 S
53 21  Patient and Public Involvement o
54 z
55 g
56 S
57 E
58 S
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Patients or the public were not involved in this specific research project.
Results

019,728 ARIC study participants, 1,764 (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 corresponded to a higher proportion of

participants without a high school degree or residing in the most deprived neighborhoods.
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2 @ R
3 -
4 Table 1. Participant Characteristics by 10-year ASCVD Predicted Risk Category” 3 2‘0.
3 Variabl All 0%-5% >5%-10% S1®o-3% >15% Poval
6 arlable (n = 9728) (n = 2383) (n =2652) (n3- 1880) (n=2813) -value
7 Demographics g z
8 Age, mean (SD) 62.61 (5.65) 58.09 (3.29) 61.44 (4.76) 64.81 (219) 66.61 (5.10) <0.001
9 Male, No. (%) 5728 (59) 2203 (92) 1656 (62) SWé%) 999 (36) <0.001
10 Race, No. (%) 32 S
N White 7528 (77) 2097 (76) 2027 (76) 140G3(%5) 2004 (71) <0.001
12 Black 2200 (23) 286 (12) 625 (24) 480379) 809 (29)
13 Clinical Co-morbidities § 2o
14 Hypertension, No. (%) 3875 (40) 460 (19) 865 (33) 72092 1770 (63) <0.001
15 Diabetes, No. (%) 1495 (15) 47 (2) 143 (5) 23 B) 1077 (38) <0.001
16 Total Cholesterol, mean (SD), mg/dL 201.81 (36.48) 201.22 (35.14) 200.63 (36.17) 201.823%.91) 203.4 (37.56) 0.034
17 HDL Cholesterol, mean (SD), mg/dL 50.84 (16.69) 60.11 (16.59) 50.88 (15.56) 48. 8 F1873) 44.48 (14.83) <0.001
18 Current Smoker, No. (%) 1431 (15) 147 (6) 332 (13) 3 B) 622 (22) <0.001
19 Medication Use =im3
20 Statin Use, No. (%) 845 (9) 138 (6) 232 (9) gT® 298 (11) <0.001
21 ARIC Field Center > =
22 Forsyth, NC, No. (%) 2343 (24) 603 (25) 642 (24) 481 (B) 637 (23) <0.001
23 Jackson, MS, No. (%) 1955 (20) 256 (11) 570 (22) 484 (B) 705 (25)
24 Minneapolis, MN, No. (%) 2902 (30) 892 (37) 777 (29) 551 (27) 722 (26)
25 Washington County, MD, No. (%) 2529 (26) 632 (27) 663 (25) 434 (%) 749 (27)
26 Social-Risk Factors = =
27 Educational Attainment @ O
28 College or Above, No. (%) 3843 (40) 1063 (45) 1097 (41) 78 (R) 976 (35) <0.001
29 High School/Some College, No. (%) 4110 (42) 1120 (47) 1132 (43) 728 (H) 1080 (39)
30 No High School, No. (%) 1764 (18) 199 (8) 419 (16) 385 (&) 751 (27)
31 ADI, median (IQR)" 102 (96.3-108.8) 100 (93.8-104.9)  101.9(96.1-108.9)  102.5 ®6.%109.6) 103.2 (97.6-111.5)  <0.001
32 1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; HDL, high- dens1ty§1pogrotem
gi 2 "Risk categories estimated using the Pooled Cohort Equations. o
35 3 TArea Deprivation Index measures area-level social deprivation and estimated using the census-tract of partlclpants 5- é;glt zip code; higher values
36 4 represent higher area-level social deprivation. Z
37 5 3
38 6 ;
39 =
40 7 g
41 =
42 E
43 2
44 8 a
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml ®
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Incidence rates stratified by education level, ADI category and 10-year PCE estimated
risk category are shown in Table 2. A total of 751 incident ASCVD events occurred over ten
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
neighborhoods than less deprived neighborhoods, 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 neighborhood deprivation

for participants at the highest PCE estimated risk category of >15%.
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g Table 2. Event Counts and Incidence Rates Stratified by Predicted ASCVD, Education, and Area Deprivation Index. < ﬁ
i o
t t t
4 ASCVD Events 1,000 Person Rate’ Per 1,000 Events 1,000 Person Rate’ Per 1,000 Events Eﬂﬂ@Person Rate’ Per 1,000
5 . - Years Person Years Years Person Years c Ydars Person Years
Predicted Risk s
6 College or Above High School/Some College g'o I-ﬂgh School Degree
~
; 0%-5% 28 10.39 2.70 25 10.87 2.30 6 §” g94 3.09
9 >5%-10% 45 10.41 4.32 62 10.66 5.72 32 § r3n§91 8.19
10 >10%-15% 35 6.58 5.32 50 7.23 6.91 41 §§_§48 11.79
1 >15% 145 8.33 17.40 147 9.30 15.81 135 23631 21.38
g Lowest ADI Quartile Middle Two ADI Quartile 8 3¢ ADI Quartile
14 0%-5% 19 9.68 1.96 24 8.29 2.89 16 ;. 3823 3.06
15 >5%-10% 56 8.52 6.57 33 8.27 3.99 49 5% §23 5.96
@
16 >10%-15% 30 5.45 5.51 37 5.45 6.78 59 ag-§:39 9.24
17 >15% 119 6.62 17.96 127 7.80 16.29 181 89‘ &57 18.92
18 1 D>
19 LE
20 2 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease. Su=
. . . . . > =
21 3 "Risk categories were estimated using the Pooled Cohort Equations. Q-5
22 4 TIncidence rate of combined stroke and coronary heart disease was estimated over ten years. % g
23 5  *Area Deprivation Index measures area-level social deprivation and estimated using the census-tract of panicipant%Q-Eigit zip code; higher values
;g 6  represent higher area-level social deprivation, and categories were defined using quartiles of distribution. 2 S
- (o
26 5 32
277 @ 2
28 ERE!
29 5 3
30 8 T g
31 S @
32 o X~
e N
33 9 Q o
34 8 o
35 2
36 @
37 3
38 g
39 >
40 o
«Q
41 o
42 E
43 =
44 1 2
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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 neighborhood deprivation (college-educated and least deprived
neighborhood as the referent) (Table 3). Large risk ratio differences (i.e., more than 10%) within
stratum-specific PCE estimated risk categories by SES indicates risk modification. We found
that the risk ratio 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 independent of PCE estimated risk. This relative increase in ASCVD risk
was statistically significant for groups with >5%-10% and >10%-15% PCE estimated risk; risk
ratio 1.78 (95% CI; 1.16-2.76) and 2.15 (95% CI; 1.39-3.34) respectively. The risk of ASCVD
in the most deprived neighborhoods (referent least deprived neighborhoods) was significantly
higher only for the 10-year PCE estimated risk category >10%-15%, risk ratio 1.65 (95% CI;

1.05-2.59).

1
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Table 3. Risk ratios comparing observed ASCVD incidence rates across education and ADI categories within each predicted risk cteg®ry
(@] ~
c 3
Education Area Degrivion Index
Q
~
High 3 z
School/Some College” or Top ADI Middie Two ADI Lowest" ADI
10-Year ASCVD No High School College RR (95% Above Quartile Quarsile RR Quartile
Predicted Risk! RR (95% CI) ch RR (95% CI) RR (95% CI) (95% &) RR (95% CI)
RN
HERN
0%-5% 1.16 (0.48-1.53) 0.84 (0.46-1.53) 1.00 1.61 (0.76-3.38) 1.51 @%%3.04) 1.00
gz
~53
>5%-10% 1.78 (1.16-2.76) 1.29 (0.86-1.93) 1.00 0.92 (0.65-1.32) 0.6120%80.97) 1.00
3
B2
>10%-15% 2.15(1.39-3.34) 1.30 (0.82-2.05) 1.00 1.65 (1.05-2.59) 1.22 °§o%§203) 1.00
EX
a =
>15% 1.22 (0.99-1.49) 0.92 (0.99-1.49) 1.00 1.07 (0.87-1.32) 0.9340.7%1.17) 1.00
1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; RR, risk ratio. = _5
2 "College or Above as referent. %; -§
3 TLowest ADI as the referent. @ 2
4 IRisk categories were estimated using the Pooled Cohort Equations. ga’ 3
w o
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2 3
8 (=
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In analyses stratified by educational attainment and neighborhood deprivation,
participants without a high school degree who resided in the most deprived neighborhoods had a
higher risk of ASCVD for all 10-year PCE estimated risk categories than other SES groups
(Supplement Table 1). At 10-year PCE estimated risk categories of 0%-5% and >10%-15%,
having both individual and neighborhood measures of low-SES (without high school education
and residing in the most deprived neighborhood) meant a substantially higher risk of ASCVD
than either measure alone; risk ratio 3.64 (95% CI, 1.46-9.07) and 4.78 (95% CI, 1.62-14.09)

respectively.

Observed 10-year absolute risk is presented for each education category, and ADI
category across PCE estimated risk categories (Figure 1). We found heterogeneous differences
in absolute risk (i.e., risk modification) by SES within stratum-specific PCE estimated risk
categories. For example, the difference in absolute risk for participants without a high school
degree (referent college-educated) rose by 6 percentage points for PCE estimated risk of >10%-
15%; absolute risk difference decreased to 3.4 percentage points for PCE estimated risk >15%
(Supplement Figure 1). Heterogenous differences in absolute risk for ADI categories were also
noted, albeit smaller differences than educational attainment categories. Differences in absolute
risk for participants living in the most deprived neighborhoods (referent least deprived
neighborhoods) were 1.2 percentage points higher for PCE estimated risk of >5%-15%, and 1.6

percentage points higher for PCE estimated risk 10%-15%.
Socioeconomic Status Interaction with PCE Model Analysis

The coefficient for each SES risk factor's interactions with estimated risk categories was

statistically significant, and model fit measures to estimate ASCVD risk improved (Table 4). For

1
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2 1 example, the likelihood ratio test comparing models 1 and 4, which included education and ADI =
(%]

5 . .. . . . . . =
6 2 categories, and their interaction with the PCE 10-year predicted ASCVD risk categories [Model &
7 2
8 3 4: Prob(ASCVD) = By + Bi(i.Score) + B,(i.Education) + B3(i.ADI) + B4(i.Score x i.Education) + 8
9 7
[y

1(1) 4 Bs(i.Score x 1.ADI)] demonstrated a statistically significant model improvement when measures é-? E
12 & &
13 5  of SES was added as an interaction term with PCE estimated risk category (p-value <0.0001). g 5
14 S 3
15 6  Additionally, the Akaike information criterion was smaller, suggesting that educational § g
16 S N
=, o

1; 7  attainment measures and area deprivation improved model fit for predicting 10-year ASCVD S E
—. o

19 . . 2 3
20 8  outcomes compared to the PCE predicted risk category alone. c X
21 El=
22 s =
23 9 c 2
24 833
25 3 g
26 10 S o
o220

27 a3l
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29 dwe
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Table 4. Comparison of models predicting ASCVD 10-year Incident events with and without measures of Socioeconomic Sgtus:f
5 S
< ~
S z
Akaike” Information Bayesian® Information 2| Likelihood Ratio Tests
Model Number Criterion Criterion 9 M2 P-Value
nwn
PCE! 9728 2371 2386 322 -
i.PCE + i.Education® 9717 2366 2395 = § S 0.004
(i.PCE)x(i.Education) 9717 2331 2374 gg ; <0.0001
i.PCE + i.ADI! 9728 2371 2400 § % g 0.14
(i.PCE) x (.ADI) 9728 2346 2389 5 <0.0001
=
i.PCE + i.Education + i.ADI 9717 2366 2409 2 2o 0.002
~ o
(i.PCE) x (i.Education)x(i.ADI) 9717 2328 2458 55 = <0.0001
Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, Pooled Cohog. Ecglations.
. . . .. ERY) T
Akaike Information Criterion measures goodness-of-fit between observed values and expected values; lower scorg‘c‘cﬁlpared to referent indicate
. . .. " T
an improvement in prediction. > §
"Bayesian Information Criterion measures goodness-of-fit between observed values and expected values; lower scaes Bompared to a referent
. . . . . . =. o
model indicate an improvement in prediction. 2 3
Pooled Cohort Equations predicted risk was stratified into 4 categories of risk: 0-5%; >5-10%; >10-15%; >15%. € 2.
. . . . . . m
SEducation was stratified into three categories: no high school; high school/some college; college or above (refereng) %
"Higher Area Deprivation Index indicates higher neighborhood deprivation and was stratified into three categories gccgding to the interquartile
range: top ADI quartile; middle two ADI; lowest ADI quartile (referent) 5 §
#All models that added in the social deprivation factor as a risk factor was compared to the Pooled Cohort Equationg without a social deprivation
[¢]
factor. S @
**All models that added in social deprivation as an interaction term was compared to the Pooled Cohort Equations &od@ with social deprivation
. «Q
added as a risk factor. D
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1 Discussion

2 In the current study, we investigated whether SES's individual and neighborhood
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9 3 measures modify the association between the PCE risk score and actual 10-year ASCVD

11 4  observed outcomes. We also described the excess burden of ASCVD events among low-SES

5  populations relative to high-SES populations conditional on PCE estimated risk. The PCE

16 6  estimated risk underestimated incidence of ASCVD events experienced among low-SES groups,
18 7  and absolute differences in risk among SES measures became most pronounced at higher PCE
predicted risk categories, indicating risk modification by measures of SES. Our results also

23 9  suggest that SES factors' value in predicting incident ASCVD events may vary by PCE predicted

25 10  risk levels.

28 11 A potential reason for the inconsistent evidence for SES's prognostic value to predict 10-

31 12 year ASCVD outcomes could be the different outcome modeling strategies used in prior studies.

33 13 Prior studies have historically modeled SES as an independent risk factor or confounder.[!9-22.24]
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35 14  Classical social epidemiological frameworks such as the “fundamentals causes of health

15 inequalities theory” suggest that despite any 10-year estimated risk of ASCVD for an individual
40 16  ata given time, the clinical trajectory and outcomes are both influenced and dependent on the
42 17  individual’s SES.[26:34-37] ~ According to the fundamental cause theory, high-SES individuals,

44 18

possess a variety of flexible resources (i.e., knowledge, money, prestige, and power) to protect

47 19  their health in a way that low-SES individuals cannot. As such, the effects of the non-SES
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O
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49 20  traditional ASCVD risk factors used in the PCE (i.e., hypertension and total cholesterol) on
31 21  ASCVD incidence will likely be modified by whether the individual is of lower or higher SES.
54 22 Our results show that having at least a college-education was protective against ASCVD relative

56 23 to not having a high school degree across all risk levels, with greater protective effects at higher
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PCE estimated risk levels. Living in the least deprived neighborhood 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.

The substantial model fit improvement by interacting SES factors with the PCE risk score

suggests that this modeling 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 modeling 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 appropriate 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.38-41]

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 epidemiologic phenomena of excess ASCVD events experienced among lower

SES individuals and possible ways to model future risk, but our analysis does not permit us to

1
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1 identify underlying mechanisms. Many unknown factors exist along the socio-ecological

2 paradigm that works in concert with individual behavioral and physiologic factors to lead to a

oNOYTULT D WN =

3 higher burden of ASCVD among low-SES populations.

11 4 These findings have clinical and policy implications, with current guideline

5 recommendations for using the PCE model to guide primary prevention ASCVD strategies in

16 6  cholesterol management, hypertension management, and aspirin use.!'% 1842431 For example, at
18 7  an estimated 10-year PCE risk of 7.5%, statin therapy is recommended for primary prevention of
ASCVD.[18] We show that a higher SES is a risk-protecting factor, and the absolute risk of

23 9  ASCVD does not cross the 7.5% threshold until a PCE 10-year risk of >15% (Figure 1). The use
25 10 of SES in estimating an individual's risk can potentially improve the efficiency of resource use
27 11  and more precisely target interventions to achieve population-level objectives to decrease the
30 12 ASCVD burden globally and in the United States. However, without a validated ASCVD

32 13 prediction model that incorporates SES in the US, we don’t advocate for the use of SES in the

34 14 clinical decision of ASCVD preventive therapies for US patients. Our findings do suggest
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15  validation of an ASCVD prediction model that appropriately incorporates SES is warranted.
39 16  Model validation comparison measures such as net risk reclassification —similar to Mosley et al.
41 17  evaluation of PCE risk prediction improvement with adding a polygenic risk score — can help

43 18  guide decisions on the utility of incorporating SES to guide clinical decision making.[44 4]

47 19  Limitations
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50 20 The study has several limitations. The ARIC study is restricted to four communities in
52 21  the United States and is not nationally or internationally representative. Furthermore, some

55 22 communities have limited diversity with respect to race or SES measures. The measurement of
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outcomes based on ARIC abstraction of hospitalization data is a strength since it avoids reliance
on self-report of events. However, some hospitalizations may be missing since comparing
Medicare claims to ARIC records showed that between 10% to 20% of hospitalizations are
missed if only one source is used.[*] Internal exploration of this issue suggested that the
additional hospitalizations 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
movement to other neighborhoods 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 — e.g., 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 didn’t control for the ARIC study site in our area-level deprivation
analyses. Without controlling for the ARIC study site, homogeneity in participant characteristics
(i.e., a predominantly African-American/Black population versus 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 ADI.

Conclusions
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Figure 1. Observed 10-year incidence rate of ASCVD events by socioeconomic status. 10-year incidence rate:

attainment (A) and Area Deprivation Index (B).

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, Pooled Coho

*Area Deprivation Index measures area-level social deprivation and estimated using the census-tract of participant
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Abstract

Objective: Examine whether the relationship between the Pooled Cohort Equations (PCE)

oNOYTULT D WN =

9 predicted 10-year risk for atherosclerotic cardiovascular disease (ASCVD) and absolute risk for
11 ASCVD is modified by socioeconomic status (SES).

Design: Population-based longitudinal cohort study —Atherosclerosis Risk in Communities

16 (ARIC) — investigating the development of cardiovascular disease across demographic

18 subgroups.

Setting: Four communities in the United States— Forsyth County, North Carolina, Jackson,

23 Mississippi, suburbs of Minneapolis, Minnesota, and Washington County, Maryland.

25 Participants: We identified 9,782 ARIC men and women aged 54-73 without ASCVD at study
27 visit 4 (1996-1998).

30 Primary outcome measures: Risk ratio (RR) differences in 10-year incident hospitalizations or
32 death for ASCVD by SES and PCE predicted 10-year ASCVD risk categories to assess for risk

34 modification. SES measures included educational attainment and census-tract neighborhood

* (s3gv) Jnauadns juswaublasug
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deprivation using the Area Deprivation Index. PCE risk categories were 0%-5%, >5%-10%,

39 >10%-15%, and >15%. SES as a prognostic factor to estimate ASCVD absolute risk categories
41 was further investigated as an interaction term with the PCE.

Results: ASCVD risk ratios for participants without a high school education (referent college-
46 educated) increased at higher PCE estimated risk categories and was consistently >1. Results

48 indicate education is both a risk modifier and delineates populations at higher ASCVD risk

N
O
'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

independent of PCE. Neighborhood deprivation did modify association but was less consistent
53 in direction of effect. However, for participants residing in the most deprived neighborhoods

55 (referent least deprived neighborhoods) with a PCE estimated risk >10%-15%, risk was

2
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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significantly elevated (RR 1.65 [95% CI; 1.05-2.59]). Education and neighborhood 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 ASCVD risk prediction models as an interaction term may improve

our ability to predict absolute ASCVD risk among socially disadvantaged populations.

Strengths and limitations of the study:
e Population-based prospective cohort with over three decades of follow-up data to

investigate the development of cardiovascular disease across demographic subgroups are
major strengths of this study.

e Hospitalizations for coronary heart disease and stroke hospitalizations — an outcome
measured — was based on the Atherosclerosis Risk in Communities abstraction of hospital
data, and some hospitalizations may be missing.

e A potential misclassification bias of area-level deprivation exposure possibly exists due
to not accounting for Atherosclerosis Risk in Communities participants moving to

different neighborhoods with a different degree of area-level deprivation exposure.
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1 Introduction

2 Atherosclerotic cardiovascular disease (ASCVD) is the leading cause of death and

oNOYTULT D WN =

9 3 morbidity in the United States (US) and globally.[!4] A substantially higher burden of ASCVD
11 4 is experienced among those with lower socioeconomic status (SES).I5-14 The Pooled Cohort

5  Equations (PCE) are currently recommended in the US to estimate the 10-year risk of ASCVD
16 6  and guide primary prevention treatment decisions.[!3-18] The PCE does not currently account for
18 7  SES factors such as educational attainment or neighborhood deprivation. However, SES
measures may have prognostic value in predicting ASCVD outcomes and identifying

23 9  populations in greatest need of primary ASCVD prevention.

26 10 Existing evidence regarding the prognostic value of controlling for SES in ASCVD
28 11 prediction models is mixed. A recent analysis showed that PCE overestimated ASCVD risk

31 12 among low SES populations, but including SES measures such as household income or

33 13 educational attainment in the PCE model did not improve model calibration.['”] Conversely, prior
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35 14 research evaluating the use of SES measures, such as household income or neighborhood

15  deprivation, with the Framingham Risk Score that estimates coronary heart disease risk only,

40 16  showed that such measures improved model fit statistics.[?0-22] The latter findings eventually led
42 17  to ASCVD risk models, such as QRISK?2, primarily used in the United Kingdom that incorporate
44 18

the Townsend deprivation score, a neighborhood measure of deprivation.[>3-2] Such

47 19  discrepancies have important implications globally and for the US, creating uncertainty

N
O
'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

49 20  regarding the importance of incorporating SES into ASCVD risk prediction models and the value
31 21  of SES as a marker to identify individuals in need of additional ASCVD primary prevention

54 22 interventions and services.
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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 modeled as an independent risk factor or confounder.!1%-22:
241 However, SES's prognostic value in predicting ASCVD risk is likely identifying populations
most impacted by proximate 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 versus an individual residing in an affluent neighborhood.

SES likely modifies the association between risk estimated from algorithms that use proximate

causes of ASCVD (i.e., hypertension and smoking) and actual ASCVD incidence.

This study explored whether SES modifies the association 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
utilized in social epidemiology research: educational attainment and neighborhood
deprivation.[?%] Educational attainment as a measure of individual SES was selected over other
measures — e.g., income level — due to being a stable measure of SES that remain relatively
stable over an adult life course when compared to other measures. We hypothesize that the long-
term effects of proximate causes of ASCVD measured in the PCE (e.g., hypertension and

smoking) impact on actual ASCVD incidence are dependent on SES (i.e., risk modification).
Methods

Data Source

1
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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©
<
[
1 <
2 g
2 1 Data obtained for our analyses came from the Atherosclerosis Risk in Communities =
(%]
5 . . . . . =
6 2 (ARIC) study. In brief, the ARIC study is an ongoing prospective observational cohort study of §
7 S
8 3 15,792 men and women age 45-64 years, recruited from population-based sampling from four g
9 7
1(1) 4  communities in the United States—Forsyth County, North Carolina, Jackson, Mississippi, suburbs 2 é
— =
® w
12 . . . . .
13 5  of Minneapolis, Minnesota, and Washington County, Maryland.?”] The study was designed to é %
14 N . . : < 3
15 6 investigate the development of cardiovascular disease across demographic subgroups. Follow-up 3 °
16 CR
17 7  has included seven in-person study visits to-date from the baseline visit in 1987-1989; s R
18 =2
.
;g 8  surveillance of the cohort continues with annual telephone interviews and active surveillance of § 3
o
21 S5 S
22 9  discharges from local hospitals. Institutional review boards at all ARIC centers approved study e <
o
23 - &
24 10 procedures, and participants give written informed consent at each visit. ‘é e
25 =28
26 53
S0 O
27 11 Study Population 23R
28 530
0 2o
31 12 We restricted our analysis to 11,374 ARIC participants who attended Visit 4 (1996-1998) 529
o
32 %E E
33 13 to maintain an observational cohort that reflected similar temporal trends in ASCVD outcomes e 3
34 ERE
. .. . . ERY)
22 14  as the cohorts used to derive the PCE. We excluded Visit 4 participants with prevalent coronary Eg=}
- O
> =
7 . . .. .. . . . =
28 15  heart disease (CHD) (N=1210), prior stroke (N=231), participants missing clinical variables for = _%
39 = 3
40 16  ASCVD risk assessment (N=155), and participants missing educational attainment information a =
41 g 3
42 17  collected at study Visit 1 (N=12). Prevalent CHD was defined as self-reported or physician ; %
43 3 =
. . . . . . . . . 5 o
jg 18  diagnoses of myocardial infarction at baseline and incident CHD occurring between baseline and 2 >
® c
46 > 3
47 19  Visit4. We defined prevalent stroke as self-reported or physician diagnoses of stroke, transient 3 2
48 S S
49 20  ischemic attack, and stroke-like symptoms at baseline or hospitalization for a definite or probable & o
50 =
>
g; 21  stroke between baseline and Visit 4. Due to small numbers, we excluded Blacks in Minneapolis ‘§
o
53 . . _ hd
54 22 and Washington County (N=35). Three participants were excluded due to unclear incident ©
=2
55 g
56 23 ASCVD dates for a final sample of 9,728. 3
57 E
58 S
59 . o2 . o
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Individual-Level Covariate Measures

Trained staff administered in-home interviews that collected information on
demographics, socioeconomic factors, lifestyle, and medical co-morbidities. Race, gender, and
educational attainment were self-reported. We used the information on race, gender, and
educational attainment collected at ARIC Visit 1; we used data on age and medical co-

morbidities collected during Visit 4 for our analyses.

We categorized smoking status as current or not current smokers. Hypertension was
defined as having a systolic blood pressure of 140 mmHg or greater (mean of two measurements
recorded at study visit), diastolic blood pressure 90 mmHg or greater (mean of two
measurements recorded at study visit) or were taking antihypertensive medications. We
classified diabetes as having a fasting blood glucose level >126 mg/dL, non-fasting blood
glucose >200 mg/dL, use of anti-diabetic medications, or self-reported history of physician-
diagnosed diabetes. We used total cholesterol and high-density lipoprotein (HDL) levels
collected at Visit 4 to assess ASCVD risk. Pill bottle review, when available, was performed at
every ARIC Visit to confirm medication use. Statin medication use at Visit 4 was self-reported

or based on medications brought to the visit.
Socioeconomic Status Measures

We examined one individual and one neighborhood exposure of SES. We classified
educational level attainment into three categories: no high school degree, high school/some
college, or college graduate and above. The Area Deprivation Index (ADI) was used to analyze
neighborhood deprivation.[?8-301 The ADI is a validated measure of neighborhood deprivation that

utilizes 17 different markers to measure area-level deprivation from 2000 census block group-
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©
<
[
1 2
2 g
2 1  level data. We used the participants' census tract according to the 9-digit zip code to assign ADI. =
(%]
5 . . . . . =
6 2 The ADI measures neighborhood deprivation along a continuum; higher values represent higher &
7 2
8 3 levels of neighborhood deprivation. We stratified ADI into three categories according to g
9 7
1(1) 4  interquartile range. Levels chosen to represent lowest (residing in the least deprived 2 é
— =
® w
12 . . g . . . .
13 5 neighborhoods), top (residing in the most deprived neighborhoods), and middle two ADI é %
14 . S 3
15 6  quartiles. 3 °
16 ERe
17 a R
18 7  Estimation of ASCVD Risk - §
19 5 @
20 SN
= o
;; 8 We estimated individual ASCVD risk using the published PCE covariate parameters.!3] a 2
S z
23 = g
24 9  The following factors were used to estimate ASCVD risk according to the PCE: age, gender, § r3n§
25 S8
26 10 race (Black or other), levels of total cholesterol, levels of high-density lipoprotein cholesterol %‘:SD o
27 23R
;g 11 (HDL-C), systolic blood pressure, evidence of treatment for high blood pressure, diabetes status, S 3 g
3w
X E
30 . . . . =1
31 12 and current smoker status. We used laboratory measures collected at Visit 4 to estimate risk 8 ?{g
o
32 %E E
33 13 using the PCE. We partitioned the ARIC study population into four categories of 10-year PCE 5B
34 ERE
. . ERY)
22 14 predicted ASCVD risk: 0%-5%, >5%-10%, >10%-15%, and >15%. Eg=}
- O
37 = §
gg 15 Ascertainment of Myocardial Infarction and Stroke Outcomes %; S
40 3 i
41 . o L o 5 2
42 16 Hospital records were abstracted to identify hospitalizations for myocardial infarction and o 9
43 3 3
44 17  stroke. CHD and stroke events were classified algorithmically and following physician review 2 S
45 T <
o c
j? 18  and adjudication, as previously published.[?”-3!] Criteria for the incidence of definite or probable :gT i
48 AP o . 8 8
49 19  myocardial infarction for the ARIC cohort were based on combinations of chest pain, 2 N
50 -8
51 20  electrocardiographic changes, and cardiac enzyme levels during hospitalization. Classification %
52 3
;31 21  of events as fatal myocardial infarction was based on the following factors: cause of death on the %
(o}
55 . o . . . o
56 22 death certificate for both hospitalized or out of hospital deaths; and diagnoses at the time of E
57 E
58 S
59 . 4 . o
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hospitalization 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 etiology.[?”- 32 We included adjudicated
events that occurred within ten years of participants' Visit 4 date (from January 1, 1996, through

December 31, 2008) in our analysis.
Statistical Analysis

Univariate descriptive statistics examined baseline participant-level characteristics. We
calculated the mean and standard deviation (SD) for continuous variables, percentages for
dichotomous variables, and median with interquartile range (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 #-test for continuous variables.

The 10-year incidence rate for hospitalizations or death for coronary heart disease or
stroke were estimated in subgroups defined by education attainment, ADI categories
(interquartile range), and PCE risk categories (0%-5%, >5%-10%, >10%-15%, >15%).
Incidence rates are presented as per 1,000 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, loss to follow-up, or end of the observation period.

The absolute risk (AR) was calculated as crude cumulative incidence using the pseudo-
values methodology, which accounted for competing risk of death for reasons other than death
due to ASCVD.[33] We estimated absolute risk according to participant educational attainment
and ADI, stratified by the PCE 10-year estimated risk category. We calculated risk ratios (RR)

within each PCE predicted risk category comparing absolute risk across educational attainment
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©
g
1 2
2 @
]
2 1 levels and ADI categories. Absolute risk differences between SES measures were estimated for =
(%]
5 . .

6 2 each PCE 10-year estimated risk category (0%-5%, >5%-10%, >10%-15%, >15%). The g
7 2
8 3 referent group for educational attainment level is a college degree or above, and the referent g
9 7
1(1) 4  group for ADI is residing in the least deprived neighborhoods (lowest ADI quartile). Point 2 é
— =
® w
:g 5  estimates are reported with 95% confidence intervals (CI). é %
14 g 3
15 o . . . . . g g
16 6 Generalized linear estimation models with a log-link function were used to predict the 2 %
17 a B
18 7  probability of ASCVD events. The naive model included only the PCE predicted risk score % §
19 5 @
=
;? 8  category as the predictor. To evaluate the effect of socioeconomic status on model fit statistics, % iy
=]

«Q
22 a 3
23 9 additional models included: 1) education category added as a predictor and interacted with the E C<Z,
24 L
25 10 PCE score, 2) ADI category added as a predictor and interacted with the PCE category, and 3) g 3g
26 25
;é 11 both education and ADI categories as predictors and interacted with the PCE category. %% E
°2u
29 . . . oW
30 12 Generalized linear models compared took the following form: %g g
[SNONGY
31 a=9
32 13 (1) Prob(ASCVD) = By . B1(i.Score) afg
33 EJ’% T

. . ‘ . . . 3
gg 14 (2) Prob(ASCVD) = B¢ + B1(i.Score) + B3(i.Education) + B4(i.Score x i.Education) 5 @i
36 ‘g ' g
37 15 (3) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.ADI) + B5(i.Score x i.ADI) z §
38 g 5
. . . . . 3. T
zg 16 (4) Prob(ASCVD) = B¢ + B1(i.Score) + B,(i.Education) + B3(1.ADI) + B4(i.Score x 2 i
41 . . . : 5 2
42 17 i.Education) + Bs(i.Score x i.ADI) o> 3
43 3 2
44 2 S
45 18  The likelihood ratio test, Akaike Information Criterion, and Bayesian Information Criterion T g
46 > 3
5 o
j; 19  evaluations were performed to compare model fit statistics of the different models. All analyses § :
50 20  were performed using STATA, version 13. 8
51 &
52 S
53 21  Patient and Public Involvement o
54 z
55 g
56 S
57 E
58 S
59 . 6 . o
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Patients or the public were not involved in this specific research project.
Results

019,728 ARIC study participants, 1,764 (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 corresponded to a higher proportion of

participants without a high school degree or residing in the most deprived neighborhoods.

For peer review only - http://bmjopen?bmj.com/site/about/guidelines.xhtmI

Page 12 of 40

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublasug
| ap anbiydeibollqig sousby 1e Gzoz ‘2 sunr uo /wod fwg usdolwqy/:dny woiy pspeojumod 220z J9qWISAON L Uo ///850-TZ0Z-uadolwag/9eTT 0T se paysiignd 1s.i) :usdo CING


http://bmjopen.bmj.com/

[
[

S o
Page 13 of 40 BMJ Open 8 g
S 3
3 3
i S 8
2 @ R
3 -
4 Table 1. Participant Characteristics by 10-year ASCVD Predicted Risk Category” 3 2‘0.
3 Variabl All 0%-5% >5%-10% S1®o-3% >15% Poval
6 arlable (n = 9728) (n = 2383) (n =2652) (n3- 1880) (n=2813) -value
7 Demographics g z
8 Age, mean (SD) 62.61 (5.65) 58.09 (3.29) 61.44 (4.76) 64.81 (219) 66.61 (5.10) <0.001
9 Male, No. (%) 5728 (59) 2203 (92) 1656 (62) SWé%) 999 (36) <0.001
10 Race, No. (%) 32 S
N White 7528 (77) 2097 (76) 2027 (76) 140G3(%5) 2004 (71) <0.001
12 Black 2200 (23) 286 (12) 625 (24) 480379) 809 (29)
13 Clinical Co-morbidities § 2o
14 Hypertension, No. (%) 3875 (40) 460 (19) 865 (33) 72092 1770 (63) <0.001
15 Diabetes, No. (%) 1495 (15) 47 (2) 143 (5) 23 B) 1077 (38) <0.001
16 Total Cholesterol, mean (SD), mg/dL 201.81 (36.48) 201.22 (35.14) 200.63 (36.17) 201.823%.91) 203.4 (37.56) 0.034
17 HDL Cholesterol, mean (SD), mg/dL 50.84 (16.69) 60.11 (16.59) 50.88 (15.56) 48. 8 F1873) 44.48 (14.83) <0.001
18 Current Smoker, No. (%) 1431 (15) 147 (6) 332 (13) 3 B) 622 (22) <0.001
19 Medication Use =im3
20 Statin Use, No. (%) 845 (9) 138 (6) 232 (9) gT® 298 (11) <0.001
21 ARIC Field Center > =
22 Forsyth, NC, No. (%) 2343 (24) 603 (25) 642 (24) 481 (B) 637 (23) <0.001
23 Jackson, MS, No. (%) 1955 (20) 256 (11) 570 (22) 484 (B) 705 (25)
24 Minneapolis, MN, No. (%) 2902 (30) 892 (37) 777 (29) 551 (27) 722 (26)
25 Washington County, MD, No. (%) 2529 (26) 632 (27) 663 (25) 434 (%) 749 (27)
26 Social-Risk Factors = =
27 Educational Attainment @ O
28 College or Above, No. (%) 3843 (40) 1063 (45) 1097 (41) 78 (R) 976 (35) <0.001
29 High School/Some College, No. (%) 4110 (42) 1120 (47) 1132 (43) 728 (H) 1080 (39)
30 No High School, No. (%) 1764 (18) 199 (8) 419 (16) 385 (&) 751 (27)
31 ADI, median (IQR)" 102 (96.3-108.8) 100 (93.8-104.9)  101.9(96.1-108.9)  102.5 ®6.%109.6) 103.2 (97.6-111.5)  <0.001
32 1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; HDL, high- dens1ty§1pogrotem
gi 2 "Risk categories estimated using the Pooled Cohort Equations. o
35 3 TArea Deprivation Index measures area-level social deprivation and estimated using the census-tract of partlclpants 5- é;glt zip code; higher values
36 4 represent higher area-level social deprivation. Z
37 5 3
38 6 ;
39 =
40 7 g
41 =
42 E
43 2
44 8 a
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Incidence rates stratified by education level, ADI category and 10-year PCE estimated
risk category are shown in Table 2. A total of 751 incident ASCVD events occurred over ten
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
neighborhoods than less deprived neighborhoods, 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 neighborhood deprivation

for participants at the highest PCE estimated risk category of >15%.
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g Table 2. Event Counts and Incidence Rates Stratified by Predicted ASCVD, Education, and Area Deprivation Index. < ﬁ
i o
t t t
4 ASCVD Events 1,000 Person Rate’ Per 1,000 Events 1,000 Person Rate’ Per 1,000 Events Eﬂﬂ@Person Rate’ Per 1,000
5 . - Years Person Years Years Person Years c Ydars Person Years
Predicted Risk s
6 College or Above High School/Some College g'o I-ﬂgh School Degree
~
; 0%-5% 28 10.39 2.70 25 10.87 2.30 6 §” g94 3.09
9 >5%-10% 45 10.41 4.32 62 10.66 5.72 32 § r3n§91 8.19
10 >10%-15% 35 6.58 5.32 50 7.23 6.91 41 §§_§48 11.79
1 >15% 145 8.33 17.40 147 9.30 15.81 135 23631 21.38
g Lowest ADI Quartile Middle Two ADI Quartile 8 3¢ ADI Quartile
14 0%-5% 19 9.68 1.96 24 8.29 2.89 16 ;. 3823 3.06
15 >5%-10% 56 8.52 6.57 33 8.27 3.99 49 5% §23 5.96
@
16 >10%-15% 30 5.45 5.51 37 5.45 6.78 59 ag-§:39 9.24
17 >15% 119 6.62 17.96 127 7.80 16.29 181 89‘ &57 18.92
18 1 D>
19 LE
20 2 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease. Su=
. . . . . > =
21 3 "Risk categories were estimated using the Pooled Cohort Equations. Q-5
22 4 TIncidence rate of combined stroke and coronary heart disease was estimated over ten years. % g
23 5  *Area Deprivation Index measures area-level social deprivation and estimated using the census-tract of panicipant%Q-Eigit zip code; higher values
;g 6  represent higher area-level social deprivation, and categories were defined using quartiles of distribution. 2 S
- (o
26 5 32
277 @ 2
28 ERE!
29 5 3
30 8 T g
31 S @
32 o X~
e N
33 9 Q o
34 8 o
35 2
36 @
37 3
38 g
39 >
40 o
«Q
41 o
42 E
43 =
44 1 2
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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 neighborhood deprivation (college-educated and least deprived
neighborhood as the referent) (Table 3). Large risk ratio differences (i.e., more than 10%) within
stratum-specific PCE estimated risk categories by SES indicates risk modification. We found
that the risk ratio 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 independent of PCE estimated risk. This relative increase in ASCVD risk
was statistically significant for groups with >5%-10% and >10%-15% PCE estimated risk; risk
ratio 1.78 (95% CI; 1.16-2.76) and 2.15 (95% CI; 1.39-3.34) respectively. The risk of ASCVD
in the most deprived neighborhoods (referent least deprived neighborhoods) was significantly
higher only for the 10-year PCE estimated risk category >10%-15%, risk ratio 1.65 (95% CI;

1.05-2.59).

1
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Table 3. Risk ratios comparing observed ASCVD incidence rates across education and ADI categories within each predicted risk cteg®ry
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Education Area Degrivion Index
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~
High 3 z
School/Some College” or Top ADI Middie Two ADI Lowest" ADI
10-Year ASCVD No High School College RR (95% Above Quartile Quarsile RR Quartile
Predicted Risk! RR (95% CI) ch RR (95% CI) RR (95% CI) (95% &) RR (95% CI)
RN
HERN
0%-5% 1.16 (0.48-1.53) 0.84 (0.46-1.53) 1.00 1.61 (0.76-3.38) 1.51 @%%3.04) 1.00
gz
~53
>5%-10% 1.78 (1.16-2.76) 1.29 (0.86-1.93) 1.00 0.92 (0.65-1.32) 0.6120%80.97) 1.00
3
B2
>10%-15% 2.15(1.39-3.34) 1.30 (0.82-2.05) 1.00 1.65 (1.05-2.59) 1.22 °§o%§203) 1.00
EX
a =
>15% 1.22 (0.99-1.49) 0.92 (0.99-1.49) 1.00 1.07 (0.87-1.32) 0.9340.7%1.17) 1.00
1 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; RR, risk ratio. = _5
2 "College or Above as referent. %; -§
3 TLowest ADI as the referent. @ 2
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In analyses stratified by educational attainment and neighborhood deprivation,
participants without a high school degree who resided in the most deprived neighborhoods had a
higher risk of ASCVD for all 10-year PCE estimated risk categories than other SES groups
(Supplement Table 1 and Supplement Figure 1). At 10-year PCE estimated risk categories of
0%-5% and >10%-15%, having both individual and neighborhood measures of low-SES
(without high school education and residing in the most deprived neighborhood) meant a
substantially higher risk of ASCVD than either measure alone; risk ratio 3.64 (95% CI, 1.46-

9.07) and 4.78 (95% CI, 1.62-14.09) respectively.

Observed 10-year absolute risk is presented for each education category, and ADI
category across PCE estimated risk categories (Figure 1). We found heterogeneous differences
in absolute risk (i.e., risk modification) by SES within stratum-specific PCE estimated risk
categories. For example, the difference in absolute risk for participants without a high school
degree (referent college-educated) rose by 6 percentage points for PCE estimated risk of >10%-
15%; absolute risk difference decreased to 3.4 percentage points for PCE estimated risk >15%
(Supplement Figure 2). Heterogenous differences in absolute risk for ADI categories were also
noted, albeit smaller differences than educational attainment categories. Differences in absolute
risk for participants living in the most deprived neighborhoods (referent least deprived
neighborhoods) were 1.2 percentage points higher for PCE estimated risk of >5%-15%, and 1.6

percentage points higher for PCE estimated risk 10%-15%.
Socioeconomic Status Interaction with PCE Model Analysis

The coefficient for each SES risk factor's interactions with estimated risk categories was

statistically significant, and model fit measures to estimate ASCVD risk improved (Table 4). For
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Table 4. Comparison of models predicting ASCVD 10-year Incident events with and without measures of Socioeconomic Sgtus:f
5 S
< ~
S z
Akaike” Information Bayesian® Information 2| Likelihood Ratio Tests
Model Number Criterion Criterion 9 M2 P-Value
nwn
PCE! 9728 2371 2386 322 -
i.PCE + i.Education® 9717 2366 2395 = § S 0.004
(i.PCE)x(i.Education) 9717 2331 2374 gg ; <0.0001
i.PCE + i.ADI! 9728 2371 2400 § % g 0.14
(i.PCE) x (.ADI) 9728 2346 2389 5 <0.0001
=
i.PCE + i.Education + i.ADI 9717 2366 2409 2 2o 0.002
~ o
(i.PCE) x (i.Education)x(i.ADI) 9717 2328 2458 55 = <0.0001
Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; PCE, Pooled Cohog. Ecglations.
. . . .. ERY) T
Akaike Information Criterion measures goodness-of-fit between observed values and expected values; lower scorg‘c‘cﬁlpared to referent indicate
. . .. " T
an improvement in prediction. > §
"Bayesian Information Criterion measures goodness-of-fit between observed values and expected values; lower scaes Bompared to a referent
. . . . . . =. o
model indicate an improvement in prediction. 2 3
Pooled Cohort Equations predicted risk was stratified into 4 categories of risk: 0-5%; >5-10%; >10-15%; >15%. € 2.
. . . . . . m
SEducation was stratified into three categories: no high school; high school/some college; college or above (refereng) %
"Higher Area Deprivation Index indicates higher neighborhood deprivation and was stratified into three categories gccgding to the interquartile
range: top ADI quartile; middle two ADI; lowest ADI quartile (referent) 5 §
#All models that added in the social deprivation factor as a risk factor was compared to the Pooled Cohort Equationg without a social deprivation
[¢]
factor. S @
**All models that added in social deprivation as an interaction term was compared to the Pooled Cohort Equations &od@ with social deprivation
. «Q
added as a risk factor. D
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1 Discussion

2 In the current study, we investigated whether SES's individual and neighborhood

oNOYTULT D WN =

9 3 measures modify the association between the PCE risk score and actual 10-year ASCVD

11 4  observed outcomes. We also described the excess burden of ASCVD events among low-SES

5  populations relative to high-SES populations conditional on PCE estimated risk. The PCE

16 6  estimated risk underestimated incidence of ASCVD events experienced among low-SES groups,
18 7  and absolute differences in risk among SES measures became most pronounced at higher PCE
predicted risk categories, indicating risk modification by measures of SES. Our results also

23 9  suggest that SES factors' value in predicting incident ASCVD events may vary by PCE predicted

25 10  risk levels.

28 11 A potential reason for the inconsistent evidence for SES's prognostic value to predict 10-

31 12 year ASCVD outcomes could be the different outcome modeling strategies used in prior studies.

33 13 Prior studies have historically modeled SES as an independent risk factor or confounder.[!9-22.24]
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35 14  Classical social epidemiological frameworks such as the “fundamentals causes of health

15 inequalities theory” suggest that despite any 10-year estimated risk of ASCVD for an individual
40 16  ata given time, the clinical trajectory and outcomes are both influenced and dependent on the
42 17  individual’s SES.[26:34-37] ~ According to the fundamental cause theory, high-SES individuals,

44 18

possess a variety of flexible resources (i.e., knowledge, money, prestige, and power) to protect

47 19  their health in a way that low-SES individuals cannot. As such, the effects of the non-SES
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49 20  traditional ASCVD risk factors used in the PCE (i.e., hypertension and total cholesterol) on
31 21  ASCVD incidence will likely be modified by whether the individual is of lower or higher SES.
54 22 Our results show that having at least a college-education was protective against ASCVD relative

56 23 to not having a high school degree across all risk levels, with greater protective effects at higher
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PCE estimated risk levels. Living in the least deprived neighborhood 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.

The substantial model fit improvement by interacting SES factors with the PCE risk score

suggests that this modeling 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 modeling 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 appropriate 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.38-41]

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 epidemiologic phenomena of excess ASCVD events experienced among lower

SES individuals and possible ways to model future risk, but our analysis does not permit us to
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2 1 identify underlying mechanisms. Many unknown factors exist along the socio-ecological =
(%]
5 . . T . . . =
6 2 paradigm that works in concert with individual behavioral and physiologic factors to lead to a &
7 2
8 3 higher burden of ASCVD among low-SES populations. 3
9 7
10 v 5
:; 4 These findings have clinical and policy implications, with current guideline % é
1 . . . . . .. g g
12 5 recommendations for using the PCE model to guide primary prevention ASCVD strategies in ; %
©
15 8 @
16 6  cholesterol management, hypertension management, and aspirin use.!'% 1842431 For example, at § g
17 & R
18 7  an estimated 10-year PCE risk of 7.5%, statin therapy is recommended for primary prevention of - §
19 5 @
=
;? 8  ASCVD.I'81 We show that a higher SES is a risk-protecting factor, and the absolute risk of % iy
=]

«Q
22 a 3
23 9  ASCVD does not cross the 7.5% threshold until a PCE 10-year risk of >15% (Figure 1). The use s Z
24 E rjné
25 10 of SES in estimating an individual's risk can potentially improve the efficiency of resource use g 3g
26 25
S0 O
;é 11  and more precisely target interventions to achieve population-level objectives to decrease the %?D N
°2u
29 . . . . . oW
30 12 ASCVD burden globally and in the United States. However, drug therapy decisions for primary %g g
® o
31 a=9
32 13 prevention of ASCVD should incorporate other qualifying factors such as patient preference and %E E
33 8P
. . . @O
gg 14 not base decisions solely on ASCVD risk estimates. S m3
=< -
36 & 3
> =

7 . .. . . =
28 15 We don’t advocate for the use of SES in the clinical decision of ASCVD preventive = _%
39 e
40 16  therapies for US patients without a validated ASCVD prediction model that incorporates SES. a =
41 g 3
42 17  Our findings do suggest validation of an ASCVD prediction model that appropriately ; %
43 3 =
. . . . . . . 5 o
jg 18  incorporates SES as an ASCVD risk modifier is warranted. Model validation comparison 2 >
® c
46 > 3
47 19  measures such as net risk reclassification —similar to Mosley et al. evaluation of PCE risk 2 3
48 a B
49 20  prediction improvement with adding a polygenic risk score — can help guide decisions on the & QUN;
50 =
>
g; 21  utility of incorporating SES to guide clinical decision making.[*44] In addition, what and how ‘§
o
53 . : - . 0
54 22 SES measures are incorporated into an ASCVD prediction model — e.g., summation of SES 2
55 =
56 23 factors versus single SES factors — requires further exploration.[46-47] S
57 E
58 S
59 . SR AR . o
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Limitations

The study has several limitations. The ARIC study is restricted to four communities in
the United States and is not nationally or internationally representative. Furthermore, some
communities have limited diversity with respect to race or SES measures. The measurement of
outcomes based on ARIC abstraction of hospitalization data is a strength since it avoids reliance
on self-report of events. However, some hospitalizations may be missing since comparing
Medicare claims to ARIC records showed that between 10% to 20% of hospitalizations are
missed if only one source is used.[*3] Internal exploration of this issue suggested that the
additional hospitalizations 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
movement to other neighborhoods 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 — e.g., 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 didn’t control for the ARIC study site in our area-level deprivation
analyses. Without controlling for the ARIC study site, homogeneity in participant characteristics

(i.e., a predominantly African-American/Black population versus a predominantly white
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g
1 ®)
; 3
2 1 population) by ARIC study site may have resulted in the loss of statistical power to detect a =
(%]
5 . . . .
6 2 meaningful difference in ASCVD outcomes according to ADI. g
7 2
8 g
9 3 Conclusions i
10 5
1 S B
: N : : T @
:g 4 The current study extends our understanding of the relationship between socioeconomic =z 2
o 3
o =
12 5  factors and the risk of heart disease and stroke outcomes. We find that the associations of PCE s 'r%
o =}
16 2 0
17 6  risk score and incident ASCVD are dependent on education level and area deprivation. Our & E
> '
18 - Q
19 7  findings may partially explain the discrepancy in results from earlier studies evaluating the utility a %
20 g
= o
;; 8 of adding SES as a prognostic measure into ASCVD prediction models. Given the potentially a 2
S =z
23 = g
9  important clinical and policy implications of our results, we suggest further refinement of the % ma
24 233
25 =08
26 10 PCE model is needed to improve the estimation of risk for all populations, both historically %‘:SD é
27 838
;g 11 vulnerable and less vulnerable populations. We believe the development of a new ASCVD risk S 3 g
2=
30 .. . N . =1
31 12 prediction model should apply appropriate validation methods and use a more racially and %éé’_
32 oS o
33 13 ethnically diverse observational cohort for validation. %’3 ;
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Supplement Table 1. Risk Ratios comparing 10-year incident ASCVD event rate across Socioeconomic Status (Education and Area Deprivation Ingex) Qithin category of
predicted risk >
—.
5 ®
o ~
10-Year ASCVD Predicted Risk c X
S S
0%-5% >5%-10% >10%-15% Q >15%
=] =z
=)
Area Deprivation Index Area Deprivation Index Area Deprivation Index & Mr8a Deprivation Index
D =S
[21N7))
Middle Lowest Middle Lowest Middle Lowest o g. Middle Lowest
Top ADI Two ADI  ADI Top ADI Two ADI  ADI Top ADI Two ADI  ADI Tom:ADI Two ADI  ADI
Quartile Quartile  Quartile Quartile  Quartile  Quartile Quartile  Quartile  Quartile Quﬁ_t% Quartile  Quartile
RR(95% RR(95% RR (95% RR(95% RR(95% RR (95% RR(95% RR(95% RR (95% RR @@) RR(95%  RR (95%
Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) Cl) C)awn Cl) Cl)
;%
53
3.64 1.59 1.18 1.10 4.78 1.88 4.93 1.2& g 1.22 1.31
No High (1.46- (0.92- (0.51- (0.35- (1.62- (0.69- (1.94- (0.9!;13; (0.84- (0.85-
School* 9.07) - - 2.76) 2.72) 3.48) 14.09) 5.15) 12.50) 174 @3 1.77) 2.02)
S50
>
‘:Q .
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) 134 1.26) 1.54)
=
@
N
1.08 2.33 0.66 0.62 2.59 2.48 1.2(8_ 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 1.68 1.40) 1.00
o

Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease; Cl, confidence interval; RR, relative risk8
*Risk ratio cannot be estimated for social deprivation category at a predicted risk of 0-5% due to lack of ASCVD incidence for categgry.
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3 Absolute Risk % Absolute Risk % Difference
4 PCE Risk Category (95% CI) (College or Above Referent)
> No High School 0%-5% 2.9% (0.9%-6.7%)
6 0= 0 . 0 . '0-0. (+] ] 0.4%
; >5%-10% 7.6% (5.0%-10.2%) 3.3%
9 >10%-15% 11.1% (8.4%-13.8%) 6.0%
10
1 >15% 19.1% (17.1%-21.0%) |3,4%
12
13 ;
14 g:ﬂ:;j:h”" Some 0%-5% 2.1% (0.5%-3.7%) o
12 >5%-10% 5.5% (3.9%-7.1%) 1.2%
17 >10%-15% 6.7% (4.8%-8.6%) 16%
18 '
19 >15% 14.5% (12.9%-16.1%) -1.2%
20 \d
21 College or Above 0%-5% 2.5% (0.9%-4.2%)
22
53 >5%-10% 4.3% (2.6%-5.9%) Referent
24 >10%-15% 5.1% (3.1%-7.2%)
25
2% >15% 15.7% (14.0%-17.4%)
27
28 . .
% Area Deprivation Index
30 Absolute Risk % Absolute Risk % Difference
31 PCE Risk Category (95% CI) L B (Lowest ADI Quartile as Referent)
gg Top ADI Quartile 0%-5% 2.9% (0.6%-5.2%) |
1.1%
34 >5%-10% 5.8% (4.0%-7.6%)
35 -0.5%
36 >10%-15% 8.8% (6.8%-10.8%) 3.5%
;73 >15% 17.2% (15.6%-18.8%) 3 L%
39
40 Middle Two ADI
a7 Quartile 0%-5% 2.7% (0.9%-4.5%) 0%
42 >5%-10% 3.8% (2.0%-5.6%) 2% —
43
44 >10%-15% 6.5% (4.3%-8.7%) 12%
22 >15% 14.8% (13.1%-16.6%) 2%
47 i
48 Lowest ADI Quartile 0%-5% 1.8% (0.1%-3.5%)
4513 >5%-10% 6.3% (4.5%-8.1%) Referent
51 >10%-15% 5.3% (3.1%-7.6%)
gg >15% 16.0% (14.1%-17.9%)
54
55 Supplement Figure 2. Difference in 10-year absolute risk of ASCVD events between levels of socioeconomic status, conditional on
56 predicted risk category.
7 Abbreviations: ADI, Area Deprivation Index; ASCVD, atherosclerotic cardiovascular disease
gg *Predicted risk categories were estimated using the Pooled Cohort Equations.
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(c) If relevant, consider translating estimates of relative risk into absolute risk for a meanmgf@ n% period 21,23
Other analyses 17 | Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analy ?e -‘E 8-10
Discussion é §_
Key results 18 | Summarise key results with reference to study objectives ; 8 11
Limitations ? §
Interpretation 20 | Give a cautious overall interpretation of results considering objectives, limitations, multipliat%of ajnalyses, results from 11-14
similar studies, and other relevant evidence _% %
Generalisability 21 | Discuss the generalisability (external validity) of the study results u% : 11-14
Other information 2 §
Funding 22 | Give the source of funding and the role of the funders for the present study and, if applicable, for gﬁ\e original study on 15
which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in c
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