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Background: How diabetes mellitus (DM), race/ethnicity, and sex impact ischemic events 

following coronary artery stent procedures is unknown.

Methods: Using the PLATINUM Diversity and PROMUS Element Plus Post-Approval Pooled 

Study (N = 4184), we examined the impact of race/ethnicity, sex, and DM on coronary stent 

outcomes. Primary outcome was 1-year major adverse cardiac events (MACE) (MACE composite: 

death, myocardial infarction [MI], and target vessel revascularization).

Results: The study sample included 1437 diabetic patients (501 White men, 470 White women, 

246 minority men, 220 minority women) and 2641 patients without medically treated DM (561 

minority, 1090 women). Mean age (years) ranged from 61 in minority men to 65 in White 

women. Diabetic patients had a higher prevalence of atherosclerotic risk factors and comorbidities. 

Diabetic minority women (DMW; 70% Black, 27% Hispanic) had similar atherosclerotic risk 

factors to other diabetics, but experienced higher 1-year MACE (14.4% vs 7.5%, P <.01) and MI 

(4.3% vs 1.6%, P <.01) rates compared with patients without medically treated DM. No other 

diabetic cohort (White men, White women, minority men) showed an increased risk of MACE vs 

patients without medically treated DM. The incremental risk of MACE in DMW was associated 

with insulin use and persisted after risk adjustment (adjusted odds ratio 1.6 vs patients without 

medically treated DM; 95% CI, 1.0–2.5). Independent predictors of 1-year MACE included insulin 

use, hyperlipidemia, renal disease, and prior MI.

Conclusions: DMW face the highest risk of ischemic events following coronary stenting, 

driven, in part, by insulin use. Aggressive secondary prevention and strict glycemic control are 

imperative in this cohort, and further research is warranted to elucidate the biologic mechanisms 

underpinning these observations.

Clinical Trial Registration: NCT02240810 (http://clinicaltrials.gov/)
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Introduction

Approximately 10% of adults in the United States suffer from diabetes mellitus (DM), 

and this prevalence is estimated to increase to 1 in 3 by 2050.1,2 DM is an important 

risk factor, not only for the development of coronary artery disease (CAD) but also for 

prognostication in patients with established CAD.3–5 DM confers a higher risk of ischemic 

events after myocardial infarction (MI), percutaneous coronary intervention (PCI), and 

coronary artery bypass graft surgery (CABG)4–7 and increases the risk of fatal coronary 

events to a greater degree in women compared with men.8 Minority groups in the United 

States are disproportionately affected by DM, with its prevalence being 2-fold higher in 

African Americans and Hispanics than in Whites.9,10 Although race/ethnicity and sex have 

been shown to influence outcomes in patients undergoing PCI,11–19 the interplay between 

these factors and DM in determining ischemic events following PCI is unknown because 

prior studies have enrolled inadequate numbers of women and/or minorities. The purpose of 

this study was to evaluate the influence of race/ethnicity and sex on 1-year outcomes in a 
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diverse cohort of patients with DM undergoing PCI, focusing on the comparative outcomes 

of diabetic minority women (DMW).

Methods

Study design, setting, and participants

The PLATINUM Diversity Study (PD)12 was a prospective, multicenter, observational 

study that enrolled patients who received ≥1 Promus PREMIER stent (Boston Scientific) 

and self-identified as having at least 1 of the following characteristics: female sex, Black 

(of African heritage), Hispanic/Latino, or American Indian/Alaskan Native. There were 

no exclusion criteria. Patients were enrolled at 52 US sites beginning in October 2014 

and followed for 12 months. The primary results of this study have been previously 

published.12 The PROMUS Element Plus Post-Approval Study (PE Plus) was a prospective, 

multicenter, open label observational study completed in August 2014 that enrolled an 

“all-comers” cohort of patients also across 52 US sites who were treated with the 

PROMUS Element Plus everolimus-eluting stent (Boston Scientific).17 Both the PD and 

PE Plus studies complied with the Declaration of Helsinki and were approved by each 

site’s locally appointed ethics committee or institutional review board. Informed consent 

was required within 24 hours of stent implantation within both studies. The PD and 

PE Plus studies are registered at www.clinicaltrials.gov under identifiers NCT02240810 

and NCT01589978, respectively. The principal investigators had direct access to the 

primary data from the study. The data and study protocol for these stent registries will 

be made available to other researchers in accordance with the Boston Scientific Data 

Sharing Policy (http://www.bostonscientific.com/en-US/data-sharing-requests.html). Both 

studies were sponsored and funded by Boston Scientific Corporation, who assisted with 

the study designs, data management, safety monitoring and biostatical analyses of both 

studies. End point definitions and all clinical end points were adjudicated by an independent 

clinical events committee. The statistical rationale for pooling these 2 studies has been 

previously reported.12 During the design of the pooled PD/PE Plus cohort study, there was 

a prespecified plan to evaluate outcomes in diabetic patients according to race/ethnicity and 

sex.

Study sample, design, and clinical end points

Patients were categorized into 1 of 4 demographic groups: White men, White women, 

minority men, and minority women. Medically treated patients with DM were defined 

as those actively taking either an oral hypoglycemic agent and/or parenteral insulin. 

For comparison purposes, all other patients, including nondiabetic patients and those self-

identifying as diabetics but not taking insulin or oral agents were included in the nondiabetic 

control group. Diabetic patients were further categorized into those taking parenteral 

insulin vs those taking only oral hypoglycemic agents. Baseline clinical and angiographic 

characteristics and 1-year clinical event rates were compared between each diabetic cohort 

and patients without medically treated DM. The primary end point of this study was the rate 

of 1-year major adverse cardiac events (MACE): all-cause death, MI, and/or target vessel 

revascularization (TVR). Additional secondary end points included 1-year death (cardiac 

and noncardiac), death/MI, MI (stent-related and not stent-related), Academic Research 
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Consortium definite/probable stent thrombosis, and target vessel failure. Angiographic 

characteristics were reported as described by site investigators. All clinical end points were 

adjudicated by an independent clinical events committee using the established definitions 

derived from the PD and PE Plus studies.17,20,21 Multivariate regression was used to risk 

adjust the primary outcome (MACE) and define independent predictors within the diabetic 

cohort.

Statistical methods

Two-sided t tests were used to compare continuous variables and χ2 or Fisher exact tests for 

discrete variables. A χ2 test compared the unadjusted outcomes between groups. Statistical 

significance was declared if the 2-sided lower 95% CI boundary on the difference between 

groups was less than 0 and the χ2 P value <.05. Kaplan–Meier curves were used with a 

log rank test to compare the occurrence of events over time. Odds ratios (ORs) and 95% 

CIs were generated for 1-year clinical events and risk-adjusted using multivariate logistic 

regression. Significant baseline clinical, angiographic, and procedural covariates with P 
value <.1 from the univariate model were used in the multivariate model. The stepwise 

method was used for selection of covariates in the multivariate model. A variable that was 

significant at the. 1 level was entered and stayed in the multivariate model. To risk adjust, 

a ‘group’ variable was forced into the model and the OR determined. Candidate variables 

included: age, sex, body mass index (BMI), ethnicity, race, insulin use, oral hypoglycemic 

agent, current smoker, hyperlipidemia, hypertension, prior MI, congestive heart failure, 

history of PCI, history of CABG, renal disease, history of peripheral vascular disease, 

angina status, left ventricular ejection fraction, left main disease, multivessel disease, lesion 

length, reference vessel diameter, bifurcation lesion, chronic total occlusion, calcification, 

and thrombus. All statistical analyses were performed using SAS System software, version 

9.2 or later (SAS Institute Inc).

Results

Study sample

The study sample was drawn from a total of 4184 patients (1501 PD Study and 2683 PE 

Plus Study patients). Of these, 106 (2.5%) were excluded due to unclear diabetic status 

or race/ethnicity, leaving 4078 patients, of whom 1437 self-reported as having medically 

treated DM (501 White men, 470 White women, 246 minority men, 220 minority women) 

and 2641 who self-reported as not having medically treated DM (1160 White men, 899 

White women, 391 minority men, 191 minority women). Twelve-month follow-up was 

robust (87% to 93%) in all groups. The study flowchart is shown in Figure 1.

Baseline characteristics

The baseline characteristics of diabetic patients and patients without medically treated 

DM are shown in Table 1. The mean age of patients ranged from 61 ± 9.6 years in 

diabetic minority men to 65 ± 11 years in diabetic White women. Blacks comprised 

approximately two-thirds of all minority patients, Hispanic/Latinos approximately one-third, 

with very few American Indian/Alaskan Natives. Approximately three-quarters of diabetic 
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patients were taking an oral agent, and insulin use ranged from a low of 37% in diabetic 

White men to a high of 53% in DMW. Diabetic patients had higher BMIs than patients 

without medically treated DM and were more likely to present with other comorbidities, 

including hyperlipidemia, hypertension, congestive heart failure, prior PCI, prior CABG, 

prior cerebrovascular accidents, renal disease, peripheral vascular disease, and multivessel 

CAD. Among diabetic patients, women were more likely to have a history of congestive 

heart failure but less likely to have a history of MI. Minorities were more likely to have a 

history of cerebrovascular accidents but less likely to have atrial fibrillation. Coronary lesion 

length, number of stents implanted, reference vessel diameter, and left ventricular ejection 

fraction were similar across all groups.

Use and adherence to antiplatelet therapy

Self-reported use of antiplatelet medications in White and minority men and women 

enrolled in the PD and PE Plus Post-Approval Pooled Study have been previously 

reported.12 Clopidogrel was the most prescribed P2Y12 inhibitor (65%), followed by 

prasugrel (18%) and ticagrelor (15%), with rare use of other medications and no differences 

in use between diabetic cohorts and patients without medically treated DM at discharge. Use 

of antiplatelet medications in diabetic patients is shown in Supplemental Figure S1. Aspirin 

and dual antiplatelet therapy (DAPT) use at discharge was high in all diabetic cohorts (93% 

to 97%). At 1 and 6 months, aspirin and DAPT use remained high and comparable between 

diabetic cohorts. At 1 year, DAPT use was lower in diabetic White women (82% vs 88%, P 
=.004) and diabetic minority men (81% vs 88%, P =.01) compared with diabetic White men. 

DMW showed no difference in DAPT use at 1 year (85% vs 88%, P =.21) compared with 

diabetic White men.

Unadjusted outcomes according to race/ethnicity and sex

The unadjusted clinical outcomes for each of the 4 diabetic cohorts compared with patients 

without medically treated DM are shown in Figure 2. DMW experienced higher rates of 

MACE (14.4 % vs 7.5%, P <.01), MI (4.3% vs 1.6%, P <.01), and TVR (8.5% vs 4.4%, P 
=.02) than patients without medically treated DM (Figure 2A and B and Central Illustration). 

The highest risk of MACE (19%) was observed in DMW treated with insulin and ischemic 

events most pronounced at 90 to 120 days post PCI, driven by a combination of numerically 

higher rates of death, MI, and TVR (Figure 2D). Although DMW treated with insulin 

also experienced the highest rate of death numerically, this was not statistically significant 

compared with patients without medically treated DM (6.6% vs 2.7%, P >.05). In contrast, 

diabetic White men, diabetic White women, and diabetic minority men all showed similar 

rates of MACE compared with patients without medically treated DM (9.4%, 9.2%, 8.2%, 

respectively vs 7.5%; P >.05 for all; Figure 2A and B). However, diabetic White women and 

White men treated with insulin also experienced higher rates of MACE vs patients without 

medically treated DM (13.3% and 11.9% vs 7.5%, P <.01, P =.03, respectively; Figure 2C 

and D). The risk of stent thrombosis was highest in diabetic White women (2.0% vs 0.8%, 

P =.02 vs patients without medically treated DM). Among diabetic patients taking only oral 

agents, no diabetic cohort experienced a higher rate of MACE or other secondary outcome 

compared with patients without medically treated DM (Figure 2E and F). Within the DMW 

Epps et al. Page 5

J Soc Cardiovasc Angiogr Interv. Author manuscript; available in PMC 2024 March 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



cohort, Black and Hispanic women showed comparable baseline characteristics and similar 

1-year outcomes. Although not statistically significant, the rate of MI was numerically 

higher in Black vs Hispanic diabetic women (medically treated DM: 5.7% vs 1.7%, P =.24; 

insulin treated DM: 6.9% vs 0%, P =.12).

Multivariable predictors of MACE and adjusted outcomes

The multivariable predictors of 1-year MACE for medically treated diabetic patients are 

shown in Table 2. Independent predictors of MACE within diabetics included insulin 

therapy, hyperlipidemia, renal disease, and previous MI. Minority race/ethnicity and female 

sex, as individual variables, were not independent predictors of MACE. The risk-adjusted 

OR for MACE in DMW was 1.6 (95% CI, 1.00–2.46; P =.05) vs patients without medically 

treated DM and 2.0 (95% CI, 1.16–3.48; P =.01) for DMW treated with insulin vs patients 

without medically treated DM (Figure 3A). None of the other diabetic cohorts treated with 

insulin or with an oral agent showed an increased risk of MACE after risk adjustment 

(Figure 3).

Discussion

To our knowledge, this is the first study to examine the interplay between race/ethnicity and 

sex in diabetic patients undergoing contemporary PCI. Using the most diverse US coronary 

stent database to date, we observed the following: (1) diabetic patients presented with higher 

BMIs, more comorbidities, and more severe CAD than patients without medically treated 

DM, regardless of race, ethnicity, or sex; (2) minority (ie, Black and Hispanic) women with 

DM experienced a 2-fold higher risk of MACE and 3-fold increased risk of MI compared 

with patients without medically treated DM in the year following PCI; (3) the incremental 

risk in DMW was not attributed to variations in antiplatelet therapy, was most evident in 

patients treated with insulin, and persisted after risk adjustment for baseline characteristics; 

(4) diabetic White women and men treated with insulin also had a higher rate of MACE than 

patients without medically treated DM; (5) the independent predictors of MACE in diabetic 

patients included insulin use, hyperlipidemia, renal disease, and prior MI; and (6) minority 

race/ethnicity and female sex, as individual variables, were not independent predictors of 

MACE.

The glycometabolic abnormalities associated with DM induce vascular dysfunction and 

predispose patients to premature atherosclerosis and adverse thrombotic/ischemic events.1,2 

Although PCI success rates in diabetic patients are comparable to those in patients without 

medically treated DM, several studies have reported that diabetic patients face an increased 

risk of post PCI cardiac ischemic events.3–6 A recent meta-analysis of 139,774 patients 

from 42 coronary stent studies showed that diabetic patients have a 1.5- to 2-fold higher 

risk of death, MACE, and TVR.7 However, these studies did not examine the influence of 

race/ethnicity and sex on PCI outcomes in diabetic patients. We are unaware of other studies 

that have examined these relationships. Our observation that DMW (70% African Americans 

and 27% Hispanic/Latinos) had the highest risk of MACE and MI compared with patients 

without medically treated DM highlights a subset of women who are particularly susceptible 

to ischemic events following PCI.
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Why DMW experienced the highest burden of ischemic events in the year following PCI is 

unclear. The increase in MACE in DMW was most notable after 90 days and driven by TVR 

and MI. Although self-reported DAPT use decreased slightly during the year post PCI in 

DMW, it remained comparable to that noted for White men and patients without medically 

treated DM. Therefore, variations in antiplatelet therapy were unlikely to account for the 

observed differences in outcomes. However, there are limitations to self-reported medication 

adherence, so late-filling or a lack of filling of prescriptions must always be ruled out in 

vulnerable populations. It has also been hypothesized that Black women may be more prone 

to ischemic events due to increased thrombogenicity post PCI.20 Gurbel et al20 reported that 

Black women undergoing coronary arteriography show greater platelet–fibrin clot strength 

compared with other demographic groups, suggesting a more thrombogenic phenotype that 

corresponded with an increased risk of post PCI ischemic events. Although race/ethnicity 

and sex alone were not independent predictors of MACE in our study, the combination of 

Black race or Hispanic ethnicity, female sex, and DM did confer significant incremental 

ischemic risk. Further research is necessary to understand the biologic underpinnings of 

these differences. Due to a lack of enrollment of minority women in clinical research, these 

questions remain heretofore untested and unanswered.

Differences in baseline characteristics also potentially contributed to the increased risk 

observed, as DMW had higher rates of comorbidities including hypertension, MI, congestive 

heart failure, and stroke. However, diabetic minority men carried a similar burden of 

comorbidities without the increment ischemic risk observed in DMW. This suggests that 

there may exist a complex interplay between DM, race/ethnicity, and sex in determining 

ischemic events. In our study, DMW had the highest rate of insulin use (53%), which 

may be a marker of DM duration, severity, and/or control. A recent analysis of outcomes 

following coronary stenting in an exclusively female population revealed a graded risk such 

that women taking insulin had the highest risk of events in the 3 years post PCI.21 In 

that study, diabetic women treated with insulin showed a >2.5-fold higher rate of MACE 

within 1 year of coronary stent implantation. A similar trend was noted with our data 

because DMW, diabetic White women, and diabetic men treated with insulin all experienced 

an increased risk of MACE compared with patients without medically treated DM. Our 

study is the first to stratify outcomes in diabetic patients according to not only sex but 

also race/ethnicity. Collectively, these findings suggest that the glycometabolic abnormalities 

associated with insulin treatment may play a role in the progression of atherosclerosis and/or 

restenosis in diabetic patients undergoing PCI. Still, other studies have shown mixed results, 

some revealing an increased risk of adverse cardiovascular events linked to exogenous 

insulin use in a dose dependent manner22,23 and others postulating that this relationship 

is influenced by time-dependent factors such as long-term glycemic control and weight 

gain, as opposed to any direct harm by insulin.24 In the Taxus Element vs Xience Prime 

in a Diabetic Population (TUXEDO) trial, insulin-treated diabetic patients who underwent 

coronary stenting were at increased risk of cardiovascular events compared with patients 

without medically treated DM in unadjusted models; however, this risk was attenuated after 

adjustment for confounders.25 This contrasts with our study, in which insulin treatment 

remained an independent predictor of MACE after accounting for other covariates.
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There were several variables not accounted for in our study that may have also contributed 

to our findings, such as control of cardiovascular risk factors prior to or after coronary 

revascularization. Cardiovascular risk factors have been shown to be less aggressively 

treated and controlled in women and minorities with DM.26,27 Whether these disparities in 

risk factor control are related to social determinants of health (access to care, socioeconomic 

status, education level), gaps in patient awareness, inherent treatment bias, the impact 

of discrimination, or perhaps biological phenomena is unknown. Insulin resistance, 

itself, is associated with a host of cardiovascular and metabolic derangements, including 

dyslipidemia, hypertension, hypercoagulability, atherosclerosis, and heart failure from left 

ventricular hypertrophy, left ventricular diastolic and systolic dysfunction, myocardial 

cell death, and cardiac fibrosis.28,29 These major consequences of insulin resistance may 

have also contributed to our findings. In summary, a better understanding of the genetic, 

biological, social, and health care-related factors that influence outcomes in DMW following 

coronary revascularization is necessary to adequately address the excess risk noted in 

this cohort. In the meantime, practitioners should be aware of DMW as a higher-risk 

cohort (Central Illustration) so that optimal antiplatelet therapy and adherence, aggressive 

secondary prevention, and effective control of DM can be particularly emphasized in these 

patients.

Limitations

There are several limitations to this study. The classification of the DM treatment group 

was based on self-reporting; therefore, the potential for misclassification exists. We could 

not account for differences in the severity of DM, as the duration of DM, categorization 

as type I vs type II DM, indicators of glycemic control (ie, hemoglobin A1C), compliance 

with treatment, and diabetic complications were not captured. The use of and adherence 

to antiplatelet therapy were also self-reported and may have been prone to error. However, 

as previously mentioned, we believe that it is unlikely that this would have influenced 

intergroup comparisons. The study lacked an angiographic core lab, instead relying on site-

determined angiographic lesion characteristics. Completeness of revascularization, which 

may contribute to PCI outcomes, was not evaluated in this study. In addition, the specific 

type of MI (ST-elevation MI vs non–ST-elevation MI) was not captured in the PD study, 

which is a limitation as sex-based differences in treatment are more common in emergent 

clinical presentations. Finally, our study was statistically powered for MACE but not other 

secondary end points.

Conclusions

DMW experience a 2-fold increased risk of MACE and 3-fold increased risk of MI 

following PCI compared with patients without medically treated DM and were the highest-

risk diabetic cohort. The incremental risk of ischemic events in the diabetic patients in our 

study was associated with insulin use and only persisted in DMW after risk adjustment. 

These findings suggest an interplay between DM, race/ethnicity, and sex in determining post 

PCI ischemic events. Until further elucidation of the biologic underpinnings of these clinical 

observations, lifestyle intervention, aggressive secondary prevention, and strict glycemic 

control should be emphasized in DMW to reduce these health disparities.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Study flowchart. DM, diabetes mellitus; PE Plus PAS, PROMUS Element Plus Post-

Approval Study.
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Figure 2. 
Graphs depicting (A) unadjusted clinical outcomes for all medically treated diabetic cohorts 

vs. nondiabetics, (B) Kaplan–Meier curves comparing MACE for all medically treated 

diabetic cohorts vs. nondiabetics, (C) unadjusted clinical outcomes for insulin treated 

diabetic cohorts vs. nondiabetics, (D) Kaplan–Meier curves comparing MACE for insulin 

treated diabetic cohorts vs. nondiabetics, (E) unadjusted clinical outcomes for oral agent 

treated diabetic cohorts vs. nondiabetics and (F) Kaplan–Meier curves comparing MACE for 

oral agent treated diabetic cohorts vs. nondiabetics.

*Non-DM defined as patients without medically treated diabetes.

IT, insulin treated; MACE, major adverse cardiac event (death/myocardial infarction [MI]/

target vessel revascularization [TVR]); OAT, oral agent treated.
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Figure 3. 
Risk-adjusted major adverse cardiac events (MACE) for (A) all medically treated diabetics 

vs nondiabetics and (B) insulin treated diabetics vs nondiabetics.
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Central Illustration. 
Influence of race/ethnicity and sex on 1-year outcomes after percutaneous coronary 

intervention in patients with diabetes mellitus. MACE, major adverse cardiac events.
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Table 2.

Multivariable predictors of MACE in medically treated diabetic patients.

Variable Coefficient Standard error Odds ratio (95% CI) P value

History of hyperlipidemia 0.914 0.379 2.94 (1.19–5.24) .02

History of renal disease 0.735 0.210 2.09 (1.38–3.15) .005

Insulin treatment 0.632 0.201 1.88 (1.27–2.79) .002

Previous MI 0.608 0.192 1.84 (1.26–2.68) .002

History of PVD 0.390 0.232 1.48 (0.94–2.33) .09

Female vs male 0.147 0.192 1.16 (0.80–1.70) .44

Minority vs White 0.101 0.201 1.11 (0.75–1.64) .61

Model derived from patients with medically treated diabetes (N=1437). See methods for description of model. Candidate variables included: 
age, sex, body mass index, race, ethnicity, insulin use, oral hypoglycemic agent, current smoker, hyperlipidemia, hypertension, prior myocardial 
infarction (MI), congestive heart failure, history of percutaneous coronary intervention, history of coronary artery bypass graft surgery, renal 
disease, history of peripheral vascular disease (PVD), angina status, left ventricular ejection fraction, left main disease, multivessel disease, lesion 
length, reference vessel diameter, bifurcation lesion, chronic total occlusion, calcification, and thrombus.
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