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Abstract

The aim of this study was to assess neighborhood-based differences in out-
comes of diabetics versus non-diabetics undergoing percutaneous coronary
interventions. Disparities in healthcare access impact long-term outcomes in
safety net populations. Diabetes mellitus (DM) is associated with worse clinical
outcomes in patients with coronary artery disease (CAD) and may dis-
proportionately impact patients with CAD from underserved populations. We
created a geocoded retrospective cohort of patients who underwent percuta-
neous coronary intervention (PCI) at an urban safety net hospital in this single-
center cohort analysis. We evaluated long-term ischemic events in diabetics
versus nondiabetics through review of electronic medical records. Social de-
privation index (SDI) was calculated based on US-census tract level and strati-
fied according to quintiles. Among 1002 patients, 46% (n = 463) were diabetic
and among those 48% (n = 222) were in the highest quintile of SDI. Baseline and
angiographic characteristics were similar among diabetic and nondiabetic sub-
jects. Among diabetic patients, those in the highest SDI quintile had significantly
higher risk of cardiovascular death and myocardial infarction as compared to
those in the remaining quintiles (log rank: p =0.029) (adjusted hazard's ratio:
1.72 [95% CI: 1.01-2.92], p = 0.04). There was no association of the SDI with
outcomes in nondiabetic patients (log rank: p =0.39). In an underserved popu-
lation, patients with diabetes and high SDI demonstrate higher rates of adverse
ischemic events and cardiovascular death during long-term follow up after PCI.
Further research examining the impact of disparities in healthcare access on

outcomes after PCI in patients with diabetes is warranted.
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1 | INTRODUCTION

Disparities in healthcare access and cardiovascular care can impact long-
term outcomes in safety net populations." The American College of
Cardiology and the Henry J. Kaiser Family Foundation have extensively
reviewed this topic,” which has served as a catalyst for federal and state
responses to these disparities, including the Marion county healthcare
system Eskenazi Health serving the population of central Indiana.®> The
reasons behind disparities and the incidence and prevalence of cardio-
vascular disease remain a heavily discussed topic. There is increasing
evidence that social determinants of health, including neighborhood and
environment, can contribute to disparities and cardiovascular outcomes,
particularly in African Americans.” Additionally, early evidence suggests
that neighborhood socioeconomic status may serve as a predictive model
for heart failure admissions>° and in readmissions for patients following
percutaneous coronary intervention (PCl).” Uncertainties remain in de-
termining the extent to which neighborhood healthcare disparities are
causally linked to increased morbidity and mortality in patients with
coronary artery disease (CAD).

Diabetes mellitus (DM) is associated with worse clinical out-
comes in patients with CAD, particularly in patients requiring PCI.
Because DM may disproportionately impact patients with CAD from
underserved populations, we decided to examine long-term event
rates after PCl in an urban safety net hospital system stratified ac-

cording to social deprivation index (SDI) status and DM.

2 | METHODS

2.1 | Study population

In this single-center retrospective cohort analysis, we identified patients
who underwent successful PCl at Eskenazi Health, an urban safety net
hospital, and evaluated survival and ischemic events through review of
electronic medical records and coronary angiograms. Successful PCl was
defined as PCI of at least 1 significant lesion without death or need for
coronary artery bypass grafting (CABG) during the index PCl. Patients
were then stratified according to the presence or absence of diabetes
based on baseline history. All patient baseline characteristics, number of
diseased vessels, and vessels that were intervened upon are reported for
patients with and without diabetes. The study was approved by the In-
diana University Institutional Review Board.

211 |
status

Geocoding and assigning socioeconomic

The SDI summarizes social and demographic measures from the US
Census American Community Survey.® The SDI was derived from the
modified Townsend deprivation index which is a score calculated through
factor analysis using four census variables (household without car, over-
crowded households, households not owner occupied, persons un-

employed).” For this analysis, we used the SDI at the census tract level.

To assign each patient an SDI, patient addresses were geocoded using the
US Census geocoder. Scores range from -20 to 20, with a higher score

indicating greater deprivation.

2.2 | Clinical outcomes

The primary endpoint was defined as a composite of cardiovascular
death (CVD) and myocardial infarction (Ml). Secondary endpoints
included all-cause death, CVD, and Ml (criteria according to Academic
Research Consortium definitions'®). Endpoints were analyzed with
time from the index PCl date to the date of the initial event, and
cases were censored at last follow up.

To examine the potential of neighborhood deprivation as a modifier
for social determinants of health in CAD outcomes, we stratified diabetic
versus nondiabetic patients by quintiles of the SDI scores among patients
in the cohort (least deprived Quintile 1 to most deprived Quintile 5).
Patients in Quintiles 1-4 were defined as lower social deprivation and
patients in Quintile 5 were defined as high social deprivation, character-
izing the highest amount of neighborhood deprivation at the census tract
level. Patients that we were unable to match to an SDI were not included

in the clinical outcome analysis.

2.3 | Statistical methods
Continuous variables are reported as mean + standard deviation (SD) and
categorical variables are reported as counts and percentages. Differences
between patient baseline characteristics were tested by Student's t tests
for continuous variables and ¥ tests for categorical variables.
Differences in the time to event analysis were compared between
patients in the highest SDI quintile and those in lower quintiles among
patients with and without diabetes using the log rank test. Cox regression
models were created to estimate the hazard ratio of having the relative
outcome for patients with highest social deprivation versus the remaining
quintile of SDI stratified according to the presence of diabetes. Multi-
variate analysis with forward conditional adjustment was performed with
inclusion of variables with statistically significant associations (p < 0.05)

with the outcome variables in the model.

3 | RESULTS

A total of 463 patients with diabetes and 538 patients without diabetes
who underwent PCl between 2012 and 2017 were identified. Approxi-
mately 86% of patients received a DES (second generation) and 14% of
patients received a bare metal stent. Patients with diabetes were older,
more likely to have hypertension (86% vs. 71%, p <0.001), had higher
body mass index, more likely to have dyslipidemia (50% vs. 39%,
p <0.001), less likely to smoke (63% vs. 71%, p = 0.006), more likely to
have history of CABG (14% vs. 8%, p = 0.004), and more likely to have
end stage renal disease (Table 1). The extent of CAD (single vessel vs.
multivessel) was comparable between the two groups as were the target
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TABLE 1 Baseline demographics and clinical variables

Diabetes No Diabetes: high social Diabetes: low social
Variable (N=463) diabetes (N=538) p value deprivation (N =222) deprivation (N = 208) p value
Age, years 59.2+9.8 57.2+11 0.002 58.3+10 60.1+9.5 0.06
Male 268 (58%) 369 (69%) <0.001 131 (59%) 118 (57%) 0.63
Race 0.36 0.12
Asian 7 (2%) 8 (2%) 2 (1%) 4 (2%)
Black 177 (38%) 185 (34%) 99 (45%) 69 (33%)
White 236 (51%) 296 (55%) 101 (46%) 114 (55%)
More than one race 4 (1%) 2 (0.4%) 1 (0.5%) 3 (1.4%)
Not reported 39 (8%) 45 (8%) 19 (9%) 18 (9%)
Hypertension 399 (86%) 381 (71%) <0.001 200 (90%) 171 (82%) 0.018
History of tobacco use 291 (63%) 382 (71%) 0.006 143 (64%) 134 (64%) 1.0
Body mass index, kg/m?  33.1£7.9 30.0+7.4 <0.001 33+7.6 33.5+84 0.59
Prior Ml 77 (17%) 82 (15%) 0.55 31 (14%) 38 (18%) 0.22
Prior CVA 49 (11%) 50 (9%) 0.496 28 (13%) 18 (9%) 0.18
Prior CABG 65 (14%) 45 (8%) 0.004 37 (17%) 24 (12%) 0.13
ESRD 14 (3%) 3 (1%) 0.003 6 (3%) 7 (3%) 0.69
Dyslipidemia 232 (50%) 210 (39%) <0.001 113 (51%) 101 (49%) 0.63
Peripheral vascular 41 (9%) 33 (6%) 0.1 11 (5%) 24 (12%) 0.013
disease
Extent of coronary artery <0.001 043
disease
One diseased vessel 146 (32%) 213 (40%) 72 (32%) 66 (32%)
Two diseased vessels 156 (34%) 207 (38%) 72 (32%) 73 (35%)
Three diseased vessels 148 (32%) 107 (20%) 75 (34%) 61 (29%)
Four diseased vessels 12 (3%) 10 (2%) 3 (1%) 7 (3%)
STEMI 63 (14%) 122 (23%) <0.001 27 (12%) 32 (15%) 0.33
NSTEMI 234 (50%) 262 (49%) 0.57 118 (53%) 98 (47%) 0.21
Aspirin on discharge 453 (98%) 519 (96%) 0.2 215 (97%) 206 (99%) 0.11
P2Y12 inhibitor on 0.06 0.04
discharge
Clopidogrel 224 (48%) 298 (55%) 106 (48%) 101 (49%)
Prasugrel 145 (31%) 137 (26%) 61 (28%) 74 (36%)
Ticagrelor 95 (21%) 103 (19%) 55 (25%) 33 (16%)
Statin on discharge 447 (97%) 521 (97%) 0.79 214 (96%) 201 (97%) 0.89
Beta-blocker on discharge 463 (100%) 538 (100%) 0.08 212 (95%) 194 (93%) 0.32
ACE inhibitor/ARB on 380 (82%) 409 (76%) 0.019 186 (84%) 164 (79%) 0.19
discharge
PCI target vessel
Left main 6 (1%) 13 (2%) 0.051 3 (1%) 2 (1%) 0.35
Left anterior descending 205 (44%) 224 (42%) 0.038 96 (43%) 100 (48%) 0.65

artery

(Continues)
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TABLE 1 (Continued)
Diabetes No Diabetes: high social Diabetes: low social
Variable (N =463) diabetes (N=538) p value deprivation (N =222) deprivation (N = 208) p value
Right coronary artery 156 (33%) 192 (36%) 0.228 75 (34%) 66 (32%) 0.08
Left circumflex artery 143 (31%) 156 (29%) 0.28 73 (33%) 58 (28%) 0.013
SDI (mean) 29+43 234 0.047
Highest SDI quintile 222 (52%) 247 (52%) 0.96
Remaining SDI quintiles 208 (48%) 231 (48%) 0.96

Abbreviations: ACE, angiotensin converter enzyme inhibitor; ARB, angiotensin Il receptor blockers; CABG, coronary artery bypass grafting; CVA, cerebral
vascular accident; ESRD, end stage renal disease; MI, myocardial infarction; PCIl, percutaneous coronary intervention; SDI, social deprivation index.
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FIGURE 1 Social deprivation index by quintiles and diabetes
status. Quintile O indicates individuals which were not matched to a
social deprivation index. Patients in Quintiles 1-4 were defined as
lower social deprivation index and patients in Quintile 5 were defined
as high social deprivation index [Color figure can be viewed at
wileyonlinelibrary.com]

vessels. Both groups had comparable guideline-directed medication re-
gimens on discharge. Neighborhood associated SDI scores for each group
are identified (Table 1, Figure 1). Almost half of the study population was
found to have SDI scores in the highest quintile (Table 1, Figure 1).
Diabetic patients within the highest quintile were comparable to the low
quintile group, including indications for PCI, but were more likely to have
hypertension (90% vs. 82%, p = 0.018; Table 1). No significant race-based
differences in the distribution of SDI were observed (Table 1).

Patients with DM had significantly higher risk of recurrent CV
events as compared to nondiabetics (Table 2, Figure S1.)

During subsequent median 5-year follow up, high social depri-
vation with diabetes as defined by highest quintile SDI was asso-
ciated with an increased risk of all-cause death (hazard's ratio [HR]:
1.82; 95% ClI: 1.04-3.19; p = 0.036), and combined CVD and Ml (HR:
1.77; 95% Cl: 1.05-2.99; p = 0.03) (Figure 2). After adjusting for age,
gender, smoking history, hypertension, hyperlipidemia, prior MI, prior
CABG, number of diseased vessels, and medications on discharge,
high SDI with diabetes was independently associated with all-cause
mortality, as well as CV death and MI (Table 3). No significant

association with clinical outcomes was observed between highest
quintile SDI and lower quintiles of SDI among nondiabetic patients
(Table 4, Figure S2). All-cause death after PCl was not increased in
black patients compared to nonblack patients (HR: 1.08; 95% CI:
0.7-1.7; p = 0.72). Event-free survival from all cause death and CVD
was not significantly different in black diabetic patients compared to
nonblack diabetic patients (log-rank: p =0.15 and p = 0.65).

4 | DISCUSSION

The findings of our study illustrate the impact of social deprivation as
defined by US census tract index data on event-free survival after
PCI. Higher SDI was associated with higher risk of all-cause death
(15.8% vs. 9.1%), as well as specifically CV death and recurrent Ml
among patients with a diagnosis of DM (17.6% vs. 11.6%). Among
patients without diabetes, no significant association could be de-
monstrated between high SDI and outcomes after PCI. Overall risk of
recurrent ischemic events was significantly higher among patients
with diabetes than nondiabetic patients.

Our findings are in line with prior analyses, which indicate that
diabetes persists as an independent long-term risk factor after PCl in
the modern era despite the use of newer generation drug eluting
stents (DES)."* ** We used a neighborhood-based index to examine
the relative risk of clinical outcomes in CAD. After adjustment for
confounding variables, diabetic patients exhibited a higher risk of
adverse events, specifically among the top quintile of the SDI, with
increased risk observed in patients located in neighborhoods that
were most deprived. These findings emphasize the importance of
identifying social determinants of health in patients undergoing PCI,
as well as the particularly high risk for poor health outcomes among
patients with DM.

There are several hypotheses that may account for the
neighborhood-based differences in CAD outcomes. In a scientific
statement from the American Heart Association, inactivity and less
healthy diets are thought to be more prevalent in patients with lower

socioeconomic status.’®'® Patients living in lower socioeconomic
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TABLE 2 Major adverse events at median 5 years follow up according to diabetes status

Events Diabetics b (N = 463) Nondiabetics (N = 538) HR (95% Cl) p value  Adjusted HR (95% Cl) Adjusted p value
All-cause death 60 (13%) 37 (6.9%) 1.9 (1.29-2.9) 0.002 1.8 (1.2-2.9) 0.004

MI 56 (12.1%) 43 (8%) 1.58 (1.06-2.4) 0.024 1.56 (1.05-2.3) 0.029

Stent thrombosis 11 (2.4%) 4 (0.7%) 3.26 (1.04-10.2) 0.043 3.36 (1.07-10.6) 0.039

CV death 17 (3.7%) 11 (2%) 1.8 (0.85-3.9) 0.12 1.6 (0.71-3.5) 0.27

Note: Adjusted for age, gender, smoking history, body mass index, peripheral vascular disease, hypertension, hyperlipidemia, prior Ml, prior CABG, prior
PCI, medications on discharge.

Abbreviations: CABG, coronary artery bypass grafting; CV, cardiovascular; PCl: percutaneous coronary intervention; HR, hazard's ratio; Ml, myocardial
infarction.
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FIGURE 2 Kaplan-Meier survival curves according to social deprivation index in patients with diabetes mellitus. (A) All-cause death. (B)
Cardiovascular death (CVD). (C) Myocardial infarction (MI). (D) CVD and MI [Color figure can be viewed at wileyonlinelibrary.com]

TABLE 3 Clinical outcomes stratified by social deprivation index in patients with diabetes

Events (median 5-year) High social deprivation Low social deprivation HR (95% Cl) p value Adjusted HR (95% ClI) Adjusted p value

All-cause death 35/222 (15.8%) 19/208 (9.1%) 1.82 (1.04-3.2) 0.036 2.27 (1.27-4.1) 0.006
CV death 12/222 (5.4%) 4/208 (1.9%) 2.95(0.95-9.2) 0.61 4.2 (1.3-13.9) 0.019
Mi 32/222 (14.4%) 20/208 (9.6%) 1.6 (0.91-2.8) 0.1 1.46 (0.83-2.6) 0.19

MACE (CVD and M) 39/222 (17.6%) 22/208 (11.6%) 1.77 (1.05-3) 0.033 1.72 (1.01-2.9) 0.044

Note: Adjusted for age, gender, smoking history, hypertension, hyperlipidemia, prior Ml, prior CABG, number of diseased vessels, medications on
discharge.

Abbreviations: CABG, coronary artery bypass grafting; CV, cardiovascular; HR, hazard's ratio; MACE, major adverse cardiac events; MI, myocardial
infarction.
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TABLE 4 Clinical outcomes stratified by social deprivation index in patients without diabetes

Events (median 5-year) High social deprivation

All-cause death 18/247 (7.3%) 13/233 (5.6%)

CV death 5/247 (2%) 4/233 (1.7%)

Mi 17/247 (6.9%) 24/233 (10.3%)

MACE (CVD and M) 33/247 (13.4%) 33/233 (14.2%)

Low social deprivation

HR (95% Cl) p value Adjusted HR (95% Cl) Adjusted p value

1.38 (0.67-2.8) 0.38 1.43 (0.69-3) 0.34
1.22 (0.33-4.5) 0.77 1.7 (0.44-6.5) 0.44
0.68 (0.37-1.27) 0.23 0.63 (0.33-1.19) 0.15
0.78 (0.45-14) 04 0.72 (0.4-0.6) 0.25

Note: Adjusted for age, gender, smoking history, hypertension, hyperlipidemia, prior Ml, prior CABG, number of diseased vessels, medications on

discharge.

Abbreviations: CABG, coronary artery bypass grafting; CV, cardiovascular; HR, hazard's ratio; MACE, major adverse cardiac events; MI, myocardial

infarction.

neighborhoods may have a more sedentary lifestyle due to barriers in
transportation,’® however, some suggest that this may not necessa-
rily be the case.’” The relationship between diet and lower socio-
economic status is complex and poorly understood but may also be in
part related to the accessibility of healthy food sources.'®,'” There
also likely are differences in health insurance which may influence
primary or specialty care follow-up or adherence to prescribed
medications. It is also noteworthy that we only observed differences
in cardiovascular outcomes between high and low SDI among the
diabetic population, which may suggest that the level of diabetic
control could account for some of these differences.

Disparities in healthcare access can influence long-term care
for diabetes and nondiabetes-related outcomes, yet how this may
influence outcomes specifically after PCl is less studied.?® In an
observational single-center cohort study of 13,770 patients,
long-term mortality and recurrent MI after PCl increased pro-
gressively with higher levels of social deprivation over the span of
6 vyears follow up.?’ Among possible links between socio-
economic variables and outcomes that have been studied, em-
ployment, income, education, and neighborhood, have been
found to be associated with cardiovascular outcomes in several
studies.”> %% This raises the need to better understand differ-
ences in health equity and the mechanisms associated with ex-
cess cardiovascular disease risk in at-risk populations. There are
also differences in cardiovascular health by race, and in the Heart
Disease and Stroke Statistics 2015 Update, African American
men were found to have the highest mortality rate from Ml or
CAD.?” Black diabetic patients in our cohort did not have worse
outcomes which suggests that the differences in outcomes in our
study are more driven by socioeconomic factors than racial dif-
ferences. This reinforces the importance of focusing efforts in
studying racial disparities when assessing cardiovascular out-
comes in minority groups and the need for publishing “real-world”
outcomes to supplement registry data.”¢?’

We chose to focus on diabetics in this cohort because of the
poor cardiovascular outcomes seen in this high-risk group. Athero-
sclerosis in diabetes is accelerated leading to more cardiovascular
events?® and it was our hypothesis that worse outcomes in diabetes

may disproportionately impact patients with CAD from underserved

populations, which we demonstrated by the use of SDI to identify
subjects at higher risk of CVD and M.

There are several limitations to this study. We lacked access to
social determinants of health at the individual level, such as level of
education, health insurance, income level, and patients were pooled
at the US census tract level. Variables that are not accounted for in
the SDI but may also affect CAD outcomes were not assessed. Such
factors may include postdischarge orders like referral to cardiac re-
habilitation, tobacco cessation counseling, or measures of quality of
diabetes control. As a single-center study, we may have lacked the
power to assess differences across all levels of social deprivation or
to assess smaller differences in outcomes among patients without
diabetes.

5 | CONCLUSION

In conclusion, in this study examining long-term outcomes among
patients treated at an urban safety net hospital, high social depriva-
tion among patients with diabetes was associated with a significant
increased risk of death, and major adverse cardiac events. The in-
creased risk seen in patients with diabetes is likely at least partially
exacerbated by socioeconomic determinants. Further studies are
needed to examine the effects of social deprivation and healthcare
access on long-term outcomes after coronary revascularization to

better understand these differences.
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