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Abstract

Background: Among patients with diabetes mellitus (diabetes) and chronic coronary disease 

(CCD), it is unclear if invasive management improves outcomes when added to medical therapy.

Methods: The ISCHEMIA Trials (ISCHEMIA and ISCHEMIA CKD) randomized CCD patients 

to an invasive (medical therapy + angiography and revascularization if feasible) or a conservative 

approach (medical therapy alone with revascularization if medical therapy failed). Cohorts were 

combined after no trial-specific effects were observed. Diabetes was defined by history, HbA1c 

≥6.5%, or use of glucose-lowering medication. The primary outcome was all-cause death or 

myocardial infarction (MI). Heterogeneity of effect of invasive management on death or MI was 

evaluated using a Bayesian approach to protect against random high or low estimates of treatment 

effect for patients with vs. without diabetes and for diabetes subgroups of clinical (female sex 

and insulin use) and anatomic features (coronary artery disease [CAD] severity or left ventricular 

function).

Results: Of 5,900 participants with complete baseline data, the median age was 64 years 

interquartile range (IQR) [57–70], 24% were female, and the median estimated glomerular 

filtration was 80 ml/min/1.732 IQR [64–95]. Among the 2,553 (43%) of participants with diabetes, 

median percent hemoglobin A1c was 7% IQR [7–8%], and 30% were insulin treated. Participants 

with diabetes had a 49% increased hazard of death or MI (HR 1.49; 95% CI: 1.31–1.70, P<0.001). 

At median 3.1-year follow-up the adjusted event-free survival was 0.54 (95% bootstrapped CI: 

0.48, 0.60) and 0.66 (95% bootstrapped CI: 0.61, 0.71) for patients with vs. without diabetes – a 

12% (95% bootstrapped CI: 4%, 20%) absolute decrease in event-free survival among participants 

with diabetes. Female and male patients with insulin-treated diabetes had an adjusted event-free 

survival of 0.52 (95% bootstrapped CI: 0.42, 0.56) and 0.49 (95% bootstrapped CI: 0.42, 0.56), 

respectively. There was no difference in death or MI between strategies for patients with vs. 

without diabetes, or for clinical (female sex or insulin use) or anatomic features (CAD severity or 

left ventricular function) of patients with diabetes.

Conclusions: Despite higher risk for death or MI, CCD patients with diabetes did not derive 

incremental benefit from routine invasive management compared with initial medical therapy 

alone.
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Introduction

Diabetes mellitus (diabetes) is a well-established risk factor for atherosclerotic 

cardiovascular disease (ASCVD),1 and is a common comorbidity among patients 

with chronic coronary disease (CCD).2 All patients with diabetes and CCD should 

receive guideline-directed medical therapy, which includes comprehensive lifestyle and 

pharmacologic intervention, and attainment of multiple, specific risk factor goals. A 

common clinical question is whether patients with diabetes or high-risk diabetes subgroups 

and CCD derive incremental benefit from an invasive management strategy (cardiac 

catheterization and revascularization). Data are limited to answer this clinical question. Prior 

strategy trials of CCD management selected patients with and without diabetes, but only 

after diagnostic catheterization, and did not include many higher-risk participants, such as 

those with moderate or severe inducible ischemia.3–5

Diabetes mellitus is the leading cause of chronic kidney disease (CKD)6 and both 

diabetes and CKD portend a poor prognosis for patients with CCD.7 Prior CCD trials 

of patients with and without diabetes included relatively few patients with abnormal 

kidney function (estimated glomerular filtration rate (eGFR) <60 ml/min/1.732), and very 

few with advanced CKD (eGFR <30 ml/min/1.73 m2) or receiving dialysis.8 In contrast, 

the International Study of Comparative Health Effectiveness with Medical and Invasive 

Approaches (ISCHEMIA) and ISCHEMIA-Chronic Kidney Disease (CKD) (ISCHEMIA 

Trials) enrolled and randomized patients across the spectrum of kidney function with CCD, 

prior to cardiac catheterization, based on the presence of moderate or severe inducible 

ischemia. Approximately 45% of participants in the ISCHEMIA Trials had diabetes, 

providing an opportunity to test for heterogeneity of treatment effect of a routine invasive 

approach on a background of intensive guideline-directed medical therapy for high-risk 

CCD patients with diabetes compared with no diabetes. The main objective of these pooled 

analyses from the ISCHEMIA Trials was to analyze heterogeneity of treatment effect of a 

routine invasive strategy in addition to guideline-directed medical therapy on the outcome 

of death or myocardial infarction (MI) for patients with diabetes and high-risk diabetes 

subgroups compared with patients without diabetes.

Methods

Deidentified data and a data dictionary will be available starting March 30, 2022. Methods 

of data sharing will be determined based on the National Institutes of Health data sharing 

policy and in discussion with the National Institutes of Health and the National Heart, 

Lung, and Blood Institute program officer. IRB approval was obtained at each site, and all 

participants provided informed consent.
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The design and primary results of the ISCHEMIA Trials have been reported.7,9–11 Patients 

with known or suspected CCD were selected for enrollment based on the finding of 

moderate or severe inducible ischemia on a stress imaging test or severe ischemia on an 

exercise tolerance test, as previously described.7,11 Patients meeting criteria for ischemia 

severity with an eGFR ≥30 ml/kg/1.732 were enrolled in the main ISCHEMIA trial, 

and patients with an eGFR <30 ml/kg/1.732 were enrolled in ISCHEMIA CKD. Blinded 

coronary computed tomography angiography (CCTA) was performed in most ISCHEMIA 

patients (76%) with preserved kidney function (eGFR ≥60 ml/min/1.732) with the goal 

of excluding from randomization patients with ≥50% left main coronary stenosis and 

participants with <50% stenosis of any epicardial artery.10,12 CCTA was not required in 

the main ISCHEMIA trial when estimated glomerular filtration rate was <60 mL/min/1.732 

and was not performed in ISCHEMIA CKD because of the risk of acute kidney injury,9 

or coronary anatomy was known to meet entry criteria based on prior testing.10,13 Key 

exclusion criteria for the ISCHEMIA Trials were acute coronary syndrome within the prior 

2 months, known unprotected left main coronary stenosis >50%, left ventricular ejection 

fraction <35%, PCI in the prior year, unacceptable angina severity despite maximal medical 

therapy, ischemic stroke in the prior 6 months or any intracranial bleed, severe valvular 

heart disease, and heart failure exacerbation within the last 6 months or New York Heart 

Association class III or IV heart failure, or a contraindication to DAPT.7,11 Qualifying 

patients were randomized to an invasive approach ( guideline-directed medical therapy + 

angiography and revascularization if feasible) or a conservative approach (guideline-directed 

medical therapy alone with revascularization reserved for refractory symptoms on an 

endpoint event).

Study Population

In order to characterize the clinical outcomes of patients with diabetes with CCD across 

the spectrum of kidney function, these analyses combined participants from ISCHEMIA 

and ISCHEMIA-CKD (ISCHEMIA Trials).7,9–11 Analyses were based on participants 

with complete baseline data, and a comparison of included vs. excluded participants was 

performed (Supplemental Table S1).

Definition and Treatment of Diabetes Mellitus and Clinical Features of Diabetes

In the ISCHEMIA Trials, diabetes mellitus (diabetes) was defined by baseline medical 

history, glycated hemoglobin (HbA1c) ≥6.5% by laboratory testing at randomization, 

or recorded use of glucose-lowering medication. Diabetes treatment was categorized as 

none/diet-controlled, non-insulin treatment, or treatment with insulin. Sites were provided 

guidance on glucose control with HbA1c goals but were not provided algorithms on use of 

antihyperglycemic medications.10

Clinical features of diabetes defined by insulin treatment and female sex were selected 

because prior data suggest insulin treatment14,15 and female sex16,17 may be associated 

with higher risk of adverse ASCVD events for patients with CCD, and these variables were 

available on nearly all ISCHEMIA and ISCHEMIA-CKD participants. These subgroups 

were used to examine potential heterogeneity of treatment effect for the invasive or 

conservative treatment strategies.11
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We also explored anatomic features of diabetes defined by multivessel CAD ≥50% 

stenosis, Duke Prognostic Index and left ventricular function, and estimated the cumulative 

incidence of the primary and exploratory outcomes for each of these features. A CCTA 

was performed in 66% (3913/5956) of all ISCHEMIA Trials participants;13 no ISCHEMIA

CKD participants received a CCTA.9 Of participants with a CCTA, 87% (3390/3913) of 

those studies were interpretable for multivessel CAD ≥50% stenosis. Among the 3,913 

ISCHEMIA Trials participants with a CCTA, 64% (2504/3913) were interpretable for extent 

and severity of CAD by Duke prognostic index (“CAD severity”).18 Duke Score 6 severity 

of CAD was selected as a subgroup of interest because a companion ISCHEMIA analyses 

demonstrated potential benefit for the invasive strategy in this subset.19 Analyses of left 

ventricular systolic dysfunction (LVSD, ejection fraction ≥35% and <45%)20 were available 

in 99% (5951/5956) of patients with site-reported ejection fraction.20

Outcomes

The primary outcome was a composite of all-cause death (death) or nonfatal MI.7 The 

primary definition of nonprocedural infarction based on the Third Universal Definition of 

MI for types 1, 2, 4b and 4c in the ISCHEMIA Trials was used,21 with a higher biomarker 

threshold for procedural infarctions (Universal Definition of MI types 4a/5), as previously 

described.11,22 The individual outcomes of death, CV death, non-CV death, and fatal or 

non-fatal MI by the primary definition, including procedural and non-procedural MI, were 

examined for evidence of heterogeneity of treatment effect by diabetes status. Details of the 

clinical-events committee, process for event adjudication, and the definition of myocardial 

infarction have been previously published.7,11

Statistical Methods

Descriptive statistics—Categorical and continuously measured participant baseline 

characteristics were summarized and associations with diabetes were assessed using the chi

square and Kruskal-Wallis tests as appropriate. Kaplan-Meier estimates of the cumulative 

incidence of death or MI by diabetes and by diabetes and treatment strategy were plotted 

with the log rank test used to assess differences in the survival distributions. Corresponding 

event rates were estimated for the anatomic features of diabetes (multivessel CAD ≥50% 

stenosis, Duke Score 6 and LVSD [ejection fraction ≥35% and <45%]). For outcomes with 

competing risks, namely, CV death, non-CV death, and fatal or non-fatal MI, we estimated 

cumulative incidence functions accounting for competing risks, using Gray’s test to assess 

group-based differences. In the analysis of heterogeneity of treatment effect with respect to 

primary clinical features of interest (diabetes, insulin treatment and female sex), we assessed 

covariate balance with descriptive analyses comparing the invasive versus conservative 

randomized treatment strategies within diabetes strata.

Association of Death and Myocardial Infarction with Diabetes—Multivariable 

Cox proportional hazards regression models were fit to estimate the associations of the 

composite incidence of death or MI (the primary outcome for the purposes of this study) 

with diabetes versus no diabetes and with the subgroups defined by the clinical features of 

interest, after adjusting for age, treatment strategy, dialysis status, eGFR among non-dialysis 

patients, and ejection fraction. The model for diabetes versus no diabetes additionally 

Newman et al. Page 6

Circulation. Author manuscript; available in PMC 2022 October 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adjusted for sex. To assess the proportional hazards assumption, the associations of scaled 

Schoenfeld residuals from the fitted model with log time were analyzed, and under a 

violation of proportional hazards associations in Cox models were re-evaluated with time

dependent coefficients.

Bayesian Modeling of Heterogeneity of Treatment Effect—In a Bayesian 

framework, the objective of heterogeneity of treatment effect analyses are to estimate and 

characterize subgroup-specific treatment effects and their associated uncertainty as opposed 

to hypothesis testing in a frequentist setting.23,24 As recently recommended by the Food and 

Drug Administration,25 a Bayesian approach may be preferred to assess heterogeneity of 

treatment effect in clinical trials.23,26,27

To inform the Bayesian modeling of heterogeneity of treatment effect, the proportional 

hazards assumption for the effect of the invasive versus conservative strategy on the primary 

outcome of death or MI first was examined in these combined trial analyses. In ISCHEMIA, 

the proportional hazards assumption was violated for the effect of randomization to the 

invasive vs. conservative strategy on the primary 5-component composite endpoint.11 In 

contrast, in ISCHEMIA-CKD the proportional hazards assumption was met in analyses of 

the endpoint of death or nonfatal MI.7 A Cox proportional hazards regression model of death 

or MI was fit to include covariates of treatment strategy, sex, age, diabetes status, dialysis 

status, eGFR, and ejection fraction. The score test of the null hypothesis of no association 

between the scaled Schoenfeld residuals for treatment strategy and log time was rejected 

(P<0.001) (Supplement A), thus indicating proportional hazards were violated for analyses 

of death or nonfatal MI in the combined ISCHEMIA Trials. Therefore, proportional hazards 

were not assumed in the ensuing examination of heterogeneity of treatment effect.

The Bayesian Dixon Simon28 model was adapted to a piecewise exponential non

proportional hazards setting in which the effect of randomization to invasive versus the 

conservative strategy in each clinical feature-based subgroup was allowed to vary over 

follow-up. To assess heterogeneity of treatment effect the Dixon Simon model specification 

included covariates for treatment strategy, the clinical features (sex, diabetes, and insulin 

treatment), and the interaction terms between treatment strategy and each of these clinical 

features. Age at randomization, dialysis status at baseline, eGFR among non-dialysis 

participants, and ejection fraction were included for adjustment. An exchangeable prior 

distribution for the interaction terms was specified that does not make assumptions about 

the magnitude or direction of effect for any of the prespecified clinical features. Explication 

of the model specification, assignment of prior distributions, computation, and convergence 

are available in Supplement B. As a summary of heterogeneity of treatment effect over 

follow-up, we estimated clinical feature-specific hazard ratios for an invasive versus 

conservative strategy based on the assumption of proportional hazards. This hazard ratio 

can be interpreted as an average over observed event times.29 In exploratory analyses, we 

also conducted the corresponding Bayesian heterogeneity of treatment effect analysis with 

respect to diabetes status and the anatomic features of multivessel CAD ≥50% stenosis, 

LVSD and Duke Score 6.

All analyses were conducted in R statistical software,30 with Bayesian models fit in JAGS.31
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Results

Baseline characteristics

Among 5,956 participants randomized from the ISCHEMIA (N=5,179) and ISCHEMIA

CKD (N=777) trials, 56 participants were excluded for missing baseline data on diabetes 

treatment (n=54) or dialysis status (n=2), leaving a final analysis cohort of N=5,900 patients. 

(See Supplemental Table S1 for characteristics of the 56 excluded participants). Overall, 

2,553 (43%) of participants had diabetes and 3,347 (57%) did not. Baseline characteristics 

of participants with and without diabetes are shown in Table 1. Compared with participants 

without diabetes, a larger proportion of those with diabetes were female, of Asian or White 

race, or of Hispanic or Latino ethnicity. The median (Q1, Q3) HbA1c at baseline for 

patients with diabetes was 7% (7, 8). The eGFR was significantly lower for participants with 

versus without diabetes, and approximately 17% of patients with diabetes had an eGFR <30 

ml/min/1.73 m2 or required dialysis, compared with approximately 10% of patients without 

diabetes (Table 1). The proportion of patients requiring dialysis at baseline was greater for 

patients with diabetes (9%) versus without diabetes (6%) (Table 1). Patients with diabetes 

were also more likely to have undergone prior revascularization (percutaneous coronary 

intervention, PCI; coronary artery bypass graft surgery, CABG) and to have prior non

cardiac vascular disease. The burden of anginal symptoms by Seattle Angina Questionnaire 

was lower for participants with versus without diabetes, but patients with diabetes were 

more likely to have left ventricular systolic dysfunction (Table 1). In comparison to patients 

without diabetes, those with diabetes at baseline were significantly more likely to have an 

LDL-C <70 mg/dL and to be non-smokers but were less likely to have a baseline systolic 

blood pressure <140 mmHg (Table 1).

Stress testing and CCTA findings overall and by diabetes status are shown in Table 2. 

ISCHEMIA participants with diabetes were more likely to have stress nuclear imaging and 

less often stress echocardiography versus those without diabetes, but no difference was 

observed in the severity of inducible ischemia by diabetes status across these modalities 

(Table 2). In contrast, participants with diabetes were more likely to have multivessel or 

triple-vessel disease by CCTA. A larger proportion of patients with diabetes had a Duke 

prognostic index score of 5 or 6 compared with patients without diabetes (Table 2).

Overall, 20.8% (615/2955) of ISCHEMIA Trials participants randomized to the conservative 

strategy underwent revascularization. A greater proportion of participants assigned to the 

conservative strategy with diabetes (22.4%, 288/1287) compared with patients without 

diabetes (19.6%, 327/1668) underwent revascularization (no statistical evidence of a 

difference, P=0.07) and was driven by the greater proportion of revascularization following a 

primary event in patients with diabetes (5.6%, 72/1287) compared with patients without 

diabetes (3.4%, 57/1668), P=0.005. In contrast, there was no difference by diabetes 

status for revascularization in the conservative strategy not following a primary event 

(Supplemental Table S2).

Among the 2,224 participants in these pooled ISCHEMIA Trials analyses assigned to the 

invasive strategy who underwent revascularization, 554 (25%) underwent CABG surgery 

and 1,670 (75%) underwent PCI. An additional 721 participants assigned to invasive 
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were not revascularized, including 306/1266 (24%) and 415/1679 (25%), with and without 

diabetes, respectively (P=0.76). Of all patients in the invasive strategy those with diabetes 

were more likely to be revascularized by CABG (28%, 266/960) as compared with 

participants without diabetes (23%, 288/1,264), P=0.009. Among the subset of 1,266 

patients with diabetes in the invasive strategy, 771 had available CCTA data. Of these 

patients, 71% (550/771) had multivessel CAD ≥50%, 29% (160/550) of whom underwent 

CABG. The remaining patients with diabetes and multivessel CAD by CCTA in the invasive 

strategy received PCI (53%, 293/550) or were not revascularized (18%, 97/550). The 

decision to perform PCI or CABG was determined at the site level using a heart team 

approach, and data were not collected on reasons for selecting a particular revascularization 

strategy. Among patients in the invasive strategy revascularized by CABG there was no 

difference in the use of internal mammary artery grafting for patients with diabetes (91.7%, 

243/265) compared with those without diabetes (91.7%, 264/288).

Event-free survival by Diabetes status and Clinical Features of Diabetes

The cumulative incidence of death or MI of unadjusted Kaplan-Meier estimates 

demonstrated significantly lower event-free survival for patients with versus without 

diabetes (log rank p-value <0.0001), and by sex and insulin use among patients with 

diabetes (log rank p-value <0.0001) (Supplemental Figure S1a-b). Participants with diabetes 

exhibited higher rates of death or MI over follow-up compared with participants without 

diabetes, and males and females with insulin-treated diabetes showed higher rates of death 

or MI relative to other subgroups. The risk of nonprocedural MI was significantly greater 

for participants with versus without diabetes (Supplemental Figure S1c), while the risk of 

procedural MI did not differ regardless of diabetes status (Supplemental Figure S1d).

Death or MI occurred in 19% (485/2,553) of diabetes participants versus 12% (402/3,347) 

of non-diabetes participants (Figure 1). In multivariable Cox proportional hazard models, 

males and females with insulin-treated diabetes showed an increased hazard of death or 

MI compared with the referent group of males without diabetes (Figure 1). At median 

3.1-year follow-up, event-free survival was 0.54 (95% bootstrapped CI: 0.48, 0.60) and 

0.66 (95% bootstrapped CI: 0.61, 0.71) for patients with vs. without diabetes – with a 

12% (95% bootstrapped CI: 4%, 20%) absolute decrease in survival free from death or MI 

among participants with diabetes (Figure 2a). The hazard of death or MI differed among 

diabetes-based subgroups (likelihood ratio P <0.001), with the lowest adjusted event-free 

survival among participants with insulin-treated diabetes (Figure 2b). At median follow-up, 

female and male patients with insulin-treated diabetes had an adjusted event-free survival 

of 0.52 (95% bootstrapped CI: 0.42, 0.56) and 0.49 (95% bootstrapped CI: 0.42, 0.56), 

respectively.

In assessing the proportional hazards assumption (Supplement C), there was no evidence 

of a time-varying association with diabetes versus no diabetes. For clinical features of 

diabetes, specifically males and females with insulin treated diabetes, the proportional 

hazards assumption was violated. A Cox model with time-varying coefficients indicated 

hazard ratios of greater magnitude later versus earlier in follow-up (Supplement C, 

Supplemental Table SC1). Sensitivity analyses of ISCHEMIA and ISCHEMIA-CKD 
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separately demonstrated that the associations of death or MI with diabetes and 

diabetes clinical features were consistent between both ISCHEMIA and ISCHEMIA-CKD 

(Supplemental Figure S2a-b).

Heterogeneity of treatment effect by Diabetes status and Clinical Features of Diabetes

Supplemental Tables 3 and 4a-c present participant baseline characteristics by treatment 

strategy and diabetes status, and within each clinical feature-based subgroup. In Figure 

3, unadjusted Kaplan-Meier estimators of the cumulative incidence of death or MI by 

the invasive versus conservative strategy are shown separately for participants with and 

without diabetes. Over a median 3.1-year follow-up, there was no evidence of heterogeneity 

of treatment effect for the invasive vs. conservative strategy on the outcome of death or 

MI for patients with diabetes (log rank p=0.75) or without diabetes (log rank p=0.76). 

There was no evidence of heterogeneity of treatment effect among the clinical features of 

diabetes, although violation of proportional hazards was observed for some clinical features 

(Supplemental Figures 3a-f).

Figure 4 shows the estimated hazard ratios for the clinical feature-specific treatment effects 

over follow-up according to yearly time intervals. Over all intervals of follow-up time 

there was no evidence of heterogeneity of treatment effect for the invasive vs. conservative 

strategy by diabetes status, or among the clinical features of diabetes: The hazard ratios 

of individual diabetes clinical features closely align with the hazard ratio for the overall 

treatment effect – with the 95% credible intervals for the clinical feature-specific estimates 

overlapping the overall treatment effect. At less than 1 year of follow-up, the overall 

treatment effect favored the conservative strategy: invasive was associated with 1.34 times 

the hazard of death or MI (95% CrI: 1.09, 1.62). Between year 1 and year 2, the overall 

treatment effect favored the invasive strategy, with a 30% reduction in the hazard of 

death or MI (HR=0.70; 95% CrI: 0.52, 0.90). After 2 years, there was no evidence of a 

treatment effect of an invasive vs. conservative strategy on death or MI. Consistent findings 

were observed when participants were limited to the ISCHEMIA trial alone (excluding 

ISCHEMIA-CKD, Supplemental Figure S4a).11 Heterogeneity of treatment effect was not 

observed in ISCHEMIA-CKD, and in no time interval was there a treatment effect of an 

invasive vs. conservative strategy on death or MI (Supplemental Figure S4b).

Supplemental Figure 5 displays the summary estimated hazard ratios for diabetes and 

clinical feature-specific treatment effects assuming proportional hazards over the complete 

study follow-up period. The overall treatment effect was nearly identical for the invasive 

as compared with the conservative strategy for patients with diabetes (hazard ratio (HR) 

1.00, 95% Credible Interval (CrI) 0.87–1.17) versus without diabetes (HR 1.01, 95% CrI 

0.86–1.17). There was no evidence of heterogeneity of treatment effect of the invasive versus 

the conservative strategy over study follow-up by clinical features of diabetes. Summary 

estimated hazard ratios were similar for all participants in the ISCHEMIA Trials, and when 

ISCHEMIA and ISCHEMIA-CKD were considered separately.

Corresponding cumulative incidence of death, CV death, non-CV death and fatal and non

fatal MI by treatment strategy stratified by diabetes status was consistent with the primary 

outcome of death or MI (Supplemental Figures 6a-d). The incidence of non-CV death was 
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increased among patients without diabetes assigned to the invasive versus the conservative 

strategy (P=0.04), (Supplemental Figure 6c).

Exploratory Analysis of Anatomic Features of Diabetes

There was an increased risk of death or MI for participants with multivessel CAD ≥50% 

stenosis (no statistical evidence of a difference, P=0.07) and without diabetes (P<0.001) 

(Supplemental Figure S7a). Duke Score 6 severity of CAD and LVSD conferred a 

significantly increased risk of death or MI regardless of diabetes status (Supplemental Figure 

S7b-c).

There was no evidence of heterogeneity of treatment effect for the invasive compared with 

the conservative strategy for death or MI among patients with multivessel CAD ≥50% 

stenosis, CAD severity by Duke Score 6, or LVSD stratified by diabetes, among patient 

subsets defined by receipt of CCTA, a CCTA interpretable for Duke Prognostic Index, or site 

reported ejection fraction, respectively (Supplemental Figures 8a-c).

Supplemental Figure 9 shows the estimated hazard ratios for anatomic features of diabetes 

including multivessel CAD ≥50%, Duke Score 6 and LVSD stratified by DM over yearly 

intervals of follow-up time. At less than 1 year, the overall treatment did not differ between 

an invasive and conservative strategy. Between year 1 and year 2, the overall treatment 

effect favored the invasive strategy, with a nearly 50% reduction in the hazard of death or 

MI (HR 0.51, 95% CrI 0.28–0.81). After 2 years, there was no evidence of a treatment 

effect of an invasive vs. conservative strategy on death or MI for any anatomic features 

of diabetes. There was also no heterogeneity of treatment effect observed for death or 

MI when proportional hazards were assumed for anatomic features of diabetes over the 

complete study follow-up period (Supplemental Figure 10): The overall hazard ratio of 

the invasive versus the conservative strategy was 0.93 (95% CrI 0.74–1.17). The anatomic 

feature-specific hazard ratios align with that of the overall treatment effect for these features 

– with the 95% credible intervals overlapping the overall treatment effect.

Additional exploratory analyses of the cumulative incidence of death, CV death, non-CV 

death and fatal and non-fatal MI by treatment strategy for anatomic features of multivessel 

CAD ≥50% stenosis, Duke Score 6 and LVSD stratified by diabetes status were also 

consistent with the primary outcome of death or MI (Supplemental Figures 11-14). Patients 

with diabetes and Duke Score 6 CAD randomized to invasive had an increased incidence of 

non-CV death (P=0.02) compared to the conservative strategy (Supplemental Figure 13b), 

and a decrease in fatal or non-fatal MI (no statistical evidence of a difference, P=0.07) 

(Supplemental Figure 14b).

Discussion

In these pooled analyses of the ISCHEMIA and ISCHEMIA-CKD trials, baseline diabetes 

was present in 43% of participants with CCD and site-assessed moderate or severe ischemia. 

Patients with diabetes had higher rates of death or MI than those without diabetes, with 

the highest rates observed among patients with insulin-treated diabetes. However, Bayesian 

assessment of heterogeneity of treatment effect showed no difference in death or MI 
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between the invasive or conservative strategies for patients with or without diabetes or in 

high-risk subgroups of patients with diabetes, during a median 3.1 year follow-up; study 

results were consistent across both the ISCHEMIA and ISCHEMIA-CKD trials. The current 

study confirms the higher risk of death or MI for CCD patients with diabetes, extends this to 

those with moderate or severe ischemia, and provides important new insights about the use 

of a routine invasive approach for CCD patients with diabetes across the spectrum of kidney 

function.

Over the last 15 years several major trials have investigated whether an invasive or a 

conservative strategy is the preferred approach for management of patients with CCD and 

diabetes who receive guideline-directed medical therapy.3,4,32 Approximately 20–30% of 

patients in prior CCD trials had diabetes.33 In the COURAGE (Clinical Outcomes Utilizing 

Revascularization and Aggressive Drug Evaluation) trial, patients with diabetes comprised 

33% (766/2,287) of those randomized.3 Those patients derived no additional benefit from 

PCI in addition to guideline-directed medical therapy compared with guideline-directed 

medical therapy alone on the primary outcome of death or nonfatal MI (HR=0.99; 95% CI 

0.73, 1.32). There were two CCD strategy trials that enrolled only patients with diabetes. In 

BARI 2D (Bypass Angioplasty Revascularization Investigation 2 Diabetes), among patients 

assigned to the PCI stratum, the rate of death or a composite of death, MI or stroke over 

5 years did not differ between patients randomized to PCI and guideline-directed medical 

therapy compared with those randomized to guideline-directed medical therapy alone (23% 

vs. 21%, P>0.1).4 In a separate but higher risk stratum, patients in BARI 2D treated 

with CABG had significantly fewer major ASCVD events than those receiving guideline

directed medical therapy alone, driven by a reduction in non-fatal MI (7.4% vs. 14.6%, 

P<0.05).4,34 A recent patient-level pooled-analysis including these trials and the Future 

Revascularization Evaluation in Patients With Diabetes Mellitus: Optimal Management of 

Multivessel Disease (FREEDOM) trial compared guideline-directed medical therapy to 

revascularization and demonstrated an incremental benefit of guideline-directed medical 

therapy and revascularization by CABG but not PCI on the occurrence of death, MI and 

stroke in CCD patients with diabetes, driven by a reduction in MI.33 Our exploratory 

findings of a potential reduction in MI with an invasive approach in addition to guideline

directed medical therapy in patients with diabetes and Duke Score 6 severity of CAD align 

with these prior observations, and recent findings from ISCHEMIA.19

In ISCHEMIA and ISCHEMIA-CKD, 26% and 15% of participants revascularized in the 

invasive treatment arm received CABG, respectively.7,11 Among patients with diabetes and 

multivessel CAD ≥50% stenosis in ISCHEMIA (CCTA data on CAD severity was not 

available in ISCHEMIA-CKD), 29% underwent surgical revascularization, a proportion 

comparable to the 32% of participants in BARI 2D thought suitable for CABG.4 The 

selection for CABG compared with PCI in ISCHEMIA (as in BARI 2D) was non

randomized, limiting the ability to make comparisons of revascularization strategies on 

cardiovascular outcomes for patients with diabetes and multivessel CAD. Additional 

comparisons between participants with diabetes in ISCHEMIA and those of BARI 2D are 

limited in part by differences in the populations of these trials, in particular the inclusion 

of patients with kidney disease in ISCHEMIA-CKD,9 and exclusion of patients with a 

creatinine >2 mg/dL in BARI 2D.4
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A strength of the current report is the inclusion of CCD patients with diabetes across the 

spectrum of kidney function, including 13% with severe CKD (eGFR <30 ml/min/1.73m2) 

or on hemodialysis from ISCHEMIA-CKD. While CCD patients with comorbid diabetes 

and CKD were at highest risk of death or MI, there was no evidence of heterogeneity of 

treatment effect for an invasive vs. conservative strategy in this patient subgroup. A recent 

analysis highlighted the increased risk of adverse ASCVD events for CCD patients with 

comorbid diabetes and CKD from major CCD trials.8 However, prior trials included few 

participants with severe CKD or patients on dialysis. The consistency of these results for 

both the ISCHEMIA and ISCHEMIA-CKD trials contributes important data to guide the 

management of high-risk CCD patients with comorbid diabetes and CKD.

In addition to CCD patients with diabetes and CKD, there was no heterogeneity of treatment 

effect for an invasive vs. conservative approach for other potential high-risk subgroups 

of CCD patients with diabetes, including those patients requiring insulin, and for female 

CCD patients with diabetes. Consistent with prior studies,14,15 CCD patients with diabetes 

requiring insulin were at greater risk of adverse ASCVD outcomes than patients with 

non-insulin treated diabetes. At baseline, patients with diabetes were more likely to be at 

trial goal for LDL-C (LDL <70 mg/dL and on any statin) but less likely to have systolic 

blood pressure <140 mmHg. At 1 year, as previously shown, participants with diabetes 

remained less likely to attain systolic blood pressure <140 mmHg but attainment of of 

LDL-C goals did not differ compared with patients without diabetes.35 These findings 

suggest that the increased risk of adverse CV events in insulin-treated CCD patients with 

diabetes persists despite risk factor goal attainment and indicates a continued unmet need 

to improve ASCVD outcomes in this high-risk cohort. Exploratory analyses applying a 

Bayesian approach to death or MI for patients with diabetes and anatomic features including 

multivessel CAD ≥50% stenosis, Duke Score 6 CAD severity or LVSD did not show a 

benefit of an initial invasive compared with a conservative approach. Unadjusted analyses 

demonstrating potential increased non-CV death in patients without diabetes, or reduction 

in MI in patients with diabetes and Duke Score 6 CAD severity with an initial invasive 

approach should be viewed as hypothesis generating. The proportion of patients with LVSD 

in the ISCHEMIA Trials was small (≈5%). Patients with LVSD had an increased risk of 

death or MI regardless of diabetes status, without evidence of heterogeneity of treatment 

effect for an initial invasive compared with a conservative approach. Additional data are 

needed for high-risk patients with CCD and comorbid diabetes and LVSD.

Observational studies and meta-analyses have often reported that diabetes is a particularly 

strong risk factor for cardiovascular events among women.36–39 More recent analyses 

suggest this may no longer be the case, perhaps due to more uniform application of 

preventive strategies in both sexes.17 The current analyses are consistent with results from 

BARI-2D, demonstrating that women with diabetes were not at higher risk of events than 

men with diabetes.40 The lack of difference in ASCVD outcomes for female compared 

with male patients with diabetes may be related to the use of management protocols to 

improve risk factor goal attainment for all patients with CCD in these trials; however, in 

both ISCHEMIA and BARI-2D, optimization of medical therapy was less successful for 

women.35,41
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Overall the pattern of non-proportional hazards for death and MI in ISCHEMIA Trials 

patients with and without diabetes was consistent with previously reported results from 

ISCHEMIA11 and ISCHEMIA-CKD.7 In ISCHEMIA, the opposing trends in procedural 

and non-procedural infarctions resulted in the lack of proportionality for the primary 

and key secondary outcomes,11 consistent with observations from these analyses of non

proportionality for patients with and without diabetes for death and MI. The current analyses 

were also consistent for the individual outcomes of death, CV death, or fatal and non-fatal 

MI when considered individually, demonstrating that the primary composite outcome of 

death or MI used herein is consistent with its individual components, and also with CV 

death.42

The present findings should be interpreted considering certain limitations. First, 

ISCHEMIA-CKD participants and those in ISCHEMIA with an eGFR <60 ml/min/1.73 

m2 were not required to undergo a pre-randomization CCTA,7,11 leading to 57% and 42% of 

the pooled ISCHEMIA Trials (ISCHEMIA and ISCHEMIA-CKD) cohort for these analyses 

with a CCTA interpretable for number of disease coronary arteries and Duke prognostic 

index, respectively. Therefore, power is limited to determinate potential heterogeneity of 

treatment effect for an invasive approach in these subsets of patients with diabetes and 

available anatomic data. We also lack data on reasons PCI versus CABG was selected 

for diabetes patients with multivessel CAD. The decision to perform PCI or CABG was 

determined at the site level using a heart team approach, and data were not collected 

on reasons for selecting a particular revascularization strategy. Other limitations include 

the lack of data on measures of diabetes severity associated with ASCVD outcomes 

including duration of diabetes,43 or presence of microalbuminuria.44 It is also unknown 

if ISCHEMIA participants had type 1 or type 2 diabetes, although data from patients 

with and without ASCVD from the Heart Protection Study45 and Cholesterol Treatment 

Trialists’ Collaborators46 suggest 90–95% of ISCHEMIA patients likely had type 2 diabetes. 

Follow-up for patients in ISCHEMIA CKD was less than ISCHEMIA,7,11 so event rates 

after 3 years reflect ISCHEMIA more than ISCHEMIA CKD. Data are also lacking on 

changes in diabetes control over time or initiation of newer glucose lowering medications 

shown to reduce ASCVD events,47 although use of these newer agents was likely minimal 

over the trial duration. Approximately two-thirds of ISCHEMIA Trials participants were 

of White race, and data on CCD management and outcomes remains more limited for 

participants with and without diabetes who are of Non-White race, including patients of 

Black or African American race, or those of Hispanic or Latino ethnicity. Finally, the results 

of these analyses do not apply to patients excluded from the ISCHEMIA Trials, including 

those with progressive angina, recent acute coronary syndromes, left main disease or left 

ventricular dysfunction with an ejection fraction <35%.

Conclusion

In the ISCHEMIA Trials, CCD patients with diabetes had worse ASCVD outcomes than 

patients without diabetes, especially patients with insulin-treated diabetes. At a median 

of 3.1 years of follow-up, the adjusted absolute difference in survival free from death or 

MI was 12% lower for participants with versus without diabetes. However, there was no 

incremental benefit from an initial invasive strategy for death or MI, or for any clinical 
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(sex or insulin use) or anatomic (CAD severity or LVSD) features of patients with diabetes. 

Future analyses will characterize the effects of a conservative or invasive approach on health 

status outcomes for ISCHEMIA Trials patients with diabetes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

ASCVD Atherosclerotic cardiovascular disease

CABG Coronary artery bypass graft

CCD Chronic coronary disease

CCTA Coronary computed tomography angiography

CI Confidence interval

CrI Credible interval

CV Cardiovascular

EF Ejection fraction

eGFR Estimated glomerular filtration rate

HbA1c Hemoglobin A1c

HF Heart failure

HR Hazard ratio

IQR Interquartile range

LVEF left ventricular ejection fraction

MI myocardial infarction

NYHA New York Heart Association

PCI percutaneous coronary intervention
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UA unstable angina
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Clinical Perspective

What is new?

• Among patients with chronic coronary disease (CCD) from ISCHEMIA and 

ISCHEMIA-CKD, an initial invasive versus conservative approach did not 

reduce death or myocardial infarction (D/MI) for patients with or without 

diabetes.

• Patients with insulin-treated diabetes had reduced event-free survival 

compared with non-insulin treated patients. Despite this elevated risk, an 

initial invasive approach did not reduce D/MI compared with a conservative 

approach.

• Although a greater proportion of patients with versus without diabetes 

had multivessel CAD, severe CAD or left ventricular systolic dysfunction 

(LVSD), an initial invasive vs. a conservative approach for D/MI in these 

subsets was without benefit.

What are the clinical implications?

• Despite their increased risk of cardiovascular events, CCD patients with 

diabetes and moderate or severe ischemia did not experience a lower risk 

of D/MI from an initial invasive approach when added to guideline-directed 

medical therapy.

• These results did not differ by sex or by insulin use.

• Multivessel CAD, severe CAD and LVSD were more common among CCD 

patients with versus without diabetes and were each associated with an 

increased risk of cardiovascular events that was similar between an initial 

invasive compared with a conservative approach.
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Tweet summary:

ISCHEMIA Trials patients with vs. without diabetes had increased risk of CV events 

without benefit of initial invasive compared with conservative management.
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Figure 1. Multivariable Cox proportional hazard ratios for death or myocardial infarction for 
ISCHEMIA Trials participants with diabetes and clinical features of diabetes
Abbreviations: HR, hazard ratio; CI, confidence interval; Ref, referent. DM, diabetes 

mellitus.

P-value for comparison of patients with DM to no DM, and for clinical features of diabetes 

with referent group defined as male patients without DM.
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Figure 2. Multivariable Cox proportional hazard survival curves.
A) Multivariable Cox proportional hazard survival curves by diabetes status. B) 

Multivariable Cox proportional hazard survival curves by clinical features of diabetes. 

Abbreviations: DM, diabetes mellitus.
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Figure 3. Kaplan-Meier estimate of the cumulative incidence of death or MI by the invasive vs. 
conservative strategy, stratified by diabetes status
Abbreviations: INV, invasive; CON, conservative; DM, diabetes mellitus.
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Figure 4. Diabetes and clinical feature-specific treatment effects over each year of study follow
up. Vertical gray bar is the overall treatment effect and the associated gray shading corresponds 
to the 95% credible interval. Vertical dashed red bar is at 1 for the null value.
Abbreviations: CrI, credible interval.
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Table 2.

Stress testing and CCTA findings by overall and by diabetes status

Characteristic All Participants
(N=5,900)

No Diabetes at Baseline
(N=3,347)

Diabetes at Baseline
(N=2,553) P-value

Qualifying Stress Test Core Lab Interpretation

Ischemia Severity by Imaging Modality

 Stress Imaging Overall 4,504/5,900 (76.3%) 2,566/3,347 (76.7%) 1,938/2,553 (75.9%) 0.499

 Severity 0.293

  Severe 1,883/4,480 (42.0%) 1,110/2,553 (43.5%) 773/1,927 (40.1%)

  Moderate 2,058/4,480 (45.9%) 1,128/2,553 (44.2%) 930/1,927 (48.3%)

  Mild 317/4,480 (7.1%) 187/2,553 (7.3%) 130/1,927 (6.7%)

  None 222/4,480 (5.0%) 128/2,553 (5.0%) 94/1,927 (4.9%)

 Nuclear 3,020/5,898 (51.2%) 1,653/3,347 (49.4%) 1,367/2,551 (53.6%) <.001

 Severity 0.943

  Severe 1,085/3,003 (36.1%) 605/1,644 (36.8%) 480/1,359 (35.3%)

  Moderate 1,538/3,003 (51.2%) 819/1,644 (49.8%) 719/1,359 (52.9%)

  Mild 213/3,003 (7.1%) 128/1,644 (7.8%) 85/1,359 (6.3%)

  None 167/3,003 (5.6%) 92/1,644 (5.6%) 75/1,359 (5.5%)

 Echocardiogram 1,229/5,898 (20.8%) 767/3,347 (22.9%) 462/2,551 (18.1%) <.001

 Severity 0.288

  Severe 647/1,222 (52.9%) 417/763 (54.7%) 230/459 (50.1%)

  Moderate 438/1,222 (35.8%) 263/763 (34.5%) 175/459 (38.1%)

  Mild 88/1,222 (7.2%) 51/763 (6.7%) 37/459 (8.1%)

  None 49/1,222 (4.0%) 32/763 (4.2%) 17/459 (3.7%)

 CMR 255/5,898 (4.3%) 146/3,347 (4.4%) 109/2,551 (4.3%) <.001

 Severity 0.781

  Severe 151/255 (59.2%) 88/146 (60.3%) 63/109 (57.8%)

  Moderate 82/255 (32.2%) 46/146 (31.5%) 36/109 (33.0%)

  Mild 16/255 (6.3%) 8/146 (5.5%) 8/109 (7.3%)

  None 6/255 (2.4%) 4/146 (2.7%) 2/109 (1.8%)

 Exercise Tolerance Test (ETT) 1,394/5,898 (23.6%) 781/3,347 (23.3%) 613/2,551 (24.0%) <.001

 Severity 0.200

  Severe 1,176/1,338 (87.9%) 647/748 (86.5%) 529/590 (89.7%)

  Moderate 101/1,338 (7.5%) 64/748 (8.6%) 37/590 (6.3%)

  Mild 34/1,338 (2.5%) 22/748 (2.9%) 12/590 (2.0%)

  None 27/1,338 (2.0%) 15/748 (2.0%) 12/590 (2.0%)

CCTA Findings <.001

CCTA performed
* 3,867/5,900 (65.5%) 2,310/3,347 (69.0%) 1,557/2,553 (61.0%)

Any Obstructive Disease ≥50% Stenosis by CCTA 3,791/3,795 (99.9%) 2,259/2,260 (100.0%) 1,532/1,535 (99.8%) 0.310

Multi-vessel Disease ≥50% Stenosis by CCTA 2,651/3,356 (79.0%) 1,533/1,999 (76.7%) 1,118/1,357 (82.4%) <.001

Vessels ≥50% Stenosis by CCTA <.001

 0 4/2,956 (0.1%) 1/1,788 (0.1%) 3/1,168 (0.3%)
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Characteristic All Participants
(N=5,900)

No Diabetes at Baseline
(N=3,347)

Diabetes at Baseline
(N=2,553) P-value

 1 691/2,956 (23.4%) 458/1,788 (25.6%) 233/1,168 (19.9%)

 2 928/2,956 (31.4%) 577/1,788 (32.3%) 351/1,168 (30.1%)

 ≥3 1,333/2,956 (45.1%) 752/1,788 (42.1%) 581/1,168 (49.7%)

Anatomic Severity of CAD (modified Duke Prognostic 
Index)

0.003

6: 3-vessel severe stenosis (≥70%) or 2-vessel severe 
stenosis with proximal LAD

658/2,476 (26.6%) 369/1,505 (24.5%) 289/971 (29.8%)

5: 2-vessel severe stenosis, 1-vessel severe proximal 
LAD, or 3-vessel moderate stenosis (≥50%)

896/2,476 (36.2%) 537/1,505 (35.7%) 359/971 (37.0%)

4: 2-vessel moderate stenosis or 1-vessel severe 
stenosis other than proximal LAD

745/2,476 (30.1%) 480/1,505 (31.9%) 265/971 (27.3%)

3: 1-vessel moderate stenosis (≥50%) 177/2,476 (7.1%) 119/1,505 (7.9%) 58/971 (6.0%)

Specific Native Vessels with ≥50% Stenosis by 
Interpretable CCTA

 Left Main (LM) 40/3,803 (1.1%) 21/2,269 (0.9%) 19/1,534 (1.2%) 0.353

 Left Anterior Descending (LAD) 3,156/3,640 (86.7%) 1,865/2,177 (85.7%) 1,291/1,463 (88.2%) 0.031

 Proximal LAD 1,724/3,701 (46.6%) 1,022/2,210 (46.2%) 702/1,491 (47.1%) 0.616

 Left Circumflex 2,331/3,457 (67.4%) 1,340/2,069 (64.8%) 991/1,388 (71.4%) <.001

 Right Coronary Artery 2,285/3,324 (68.7%) 1,338/2,002 (66.8%) 947/1,322 (71.6%) 0.002

*
All CCTA were from ISCHEMIA patients and none from ISCHEMIA-CKD

Duke categories 1 and 2 (non-obstructive CAD or normal arteries) and 7 (left main stenosis ≥50%) were excluded from analysis because these 
findings were not consistent with eligibility for randomization after CCTA.
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