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Abstract

Aims—While patients with diabetes mellitus (DM) have more extensive coronary disease and 

worse survival after acute myocardial infarction (AMI) than patients without DM, data on whether 

they experience more angina are conflicting.

Methods and Results—We examined angina prevalence over the year following AMI among 

3367 patients, including 1080 (32%) with DM, from 24 US hospitals enrolled in the TRIUMPH 

registry from 2005–08. Patients with vs. without DM were more likely to be treated with 

antianginal medications both at discharge and over follow-up. Despite more aggressive angina 

therapy, patients with vs. without DM had higher prevalence and severity of angina prior to AMI 

(49% vs 43%, p=0.001) and at each follow-up assessment, although rates of angina declined in 

both groups over time. In a hierarchical, multivariable, repeated measures model that adjusted for 

multiple demographic and clinical factors including severity of coronary disease and in-hospital 

revascularization, DM was associated with a greater odds of angina over the 12 months of follow-
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up; this association increased in magnitude over time (12-month OR 1.18, 95% CI 1.01–1.37; 

DM*time pinteraction=0.008).

Conclusion—Contrary to conventional wisdom, angina is more prevalent and more severe 

among patients with DM, both prior to and following AMI. This effect is amplified over time and 

independent of patient and treatment factors, including the presence of multivessel disease and 

coronary revascularization. This increased burden of angina may be due to more diffuse nature of 

coronary disease, more rapid progression of coronary disease over time, or greater myocardial 

demand among DM patients.
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Type 2 diabetes mellitus (DM) is present in approximately one-third of patients hospitalized 

with an acute myocardial infarction (AMI)1 and, despite advances in care, continues to be 

associated with an increased risk of both short- and long-term mortality.2–3 While patients 

with DM have more extensive coronary disease4–5 and worse survival after AMI3, 6 than 

those without DM, the data on whether they experience more angina are conflicting. Several 

older studies suggested that patients with DM are more likely to have asymptomatic (or 

“silent”) ischemia7–9, with diabetic autonomic neuropathy posited as one potential 

explanation.7–8 However, more recent studies have challenged this assumption.10 One 

clinical trial of patients with stable coronary artery disease undergoing ambulatory 

electrocardiographic monitoring showed the proportion of patients with silent ischemia was 

similar among those with and without DM.11 Both an observational study and a large, 

multinational clinical trial suggested a higher burden of angina among patients with DM vs. 

without DM after an AMI.12–13 Collectively, these disparate findings underscore a need for 

greater clarity in regards to the angina burden among those with and without DM.

Angina after an AMI is a highly relevant condition affecting ~20% of patients14. Beyond the 

direct morbidity of each angina episode experienced by the patient, angina is associated with 

worse health-related quality of life and is a major driver of repeat hospitalizations and 

increased healthcare costs.15 As such, it would be valuable to identify patients at highest risk 

for residual angina after AMI as early as possible. These patients can then be targeted for 

early post-discharge follow up and more aggressive medical management with the goal of 

improving health status outcomes and potentially reducing repeat hospitalizations. Because 

patients with DM represent a particularly high-risk cohort, better understanding of the 

prevalence and predictors of angina in this group is warranted. Accordingly, we examined 

the association between DM and angina in a contemporary, population of post-AMI patients.

METHODS

Study Population and Protocol

Between June 2005 and December 2008, 4340 patients from 24 US hospitals were enrolled 

into the Translational Research Investigating Underlying disparities in acute Myocardial 

infarction Patients’ Health status (TRIUMPH) study. The full details of the sites, enrolment 

process, inclusion and exclusion criteria, and data collection protocols has been previously 
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published.16 Briefly, patients were required to have biomarker evidence of myocardial 

necrosis and additional evidence supporting the clinical diagnosis of an AMI (e.g., 

prolonged ischemic signs/symptoms (≥20 minutes) or electrocardiographic ST changes) 

during the initial 24 hours of admission. Patients were enrolled within 24 to 72 hours 

following admission, at which time baseline data were obtained through chart abstraction 

and a structured interview by trained research staff. Prevalent DM was defined by chart 

abstraction based on medical history or the use of glucose-lowering medications at 

admission. Because the purpose of our study was to compare the burden of angina in 

patients with established DM versus those without DM, patients with newly-diagnosed DM 

(i.e., no known diagnosis of DM at admission and HbA1c ≥6.5%; n=245) were excluded 

from the analyses. Detailed follow-up telephone interviews were attempted on all survivors 

at 1, 6, and 12 months after AMI. In addition to an assessment of health status, participants 

were asked to read the names and doses of their medications from their prescription bottles. 

Each participating hospital obtained Institutional Research Board approval, and all patients 

provided written informed consent for baseline and follow-up assessments.

Health Status Assessment

Health status data were assessed by interview using the Seattle Angina Questionnaire 

(SAQ)17 and the Medical Outcomes Study 12-item Short Form (SF-12).18 The SAQ is a 

validated 19-item questionnaire comprised of 5 clinically important dimensions of health in 

patients with coronary artery disease: angina frequency, angina stability, disease-specific 

quality of life, physical limitations, and treatment satisfaction. The scores for all SAQ 

domains range from 0 to 100, with higher scores indicating less disease burden. The SAQ 

has a recall period of 4 weeks, and thus assessment at the time of AMI reflects the angina 

burden over the time period preceding the AMI. For this study, the primary outcome was the 

SAQ angina frequency, which was categorized as absent (score 100) or present (score 

<100). In addition, we categorized angina frequency as monthly (SAQ score=61–99), 

weekly (SAQ score=31–60), and daily (SAQ score=0–30).19 We also investigated the 

physical limitations and quality of life domains. The SF-12 is a reliable and valid measure of 

generic health status20 that provides summary component scales for overall physical and 

mental health using norm-based methods that standardize the scores to a mean of 50 and a 

standard deviation of 10 (higher scores indicate better health status).18

Statistical Analysis

Baseline characteristics of patients with and without DM present on admission for AMI 

were compared using t-tests for continuous variables and chi-square tests for categorical 

variables. Health status scores and mean number of antianginal medications prescribed were 

compared at baseline and 1, 6, and 12 months after AMI using t-tests, and Cohen’s d effect 

sizes were calculated for the differences in health status scores.21 In addition, the proportion 

of patients reporting angina (SAQ angina frequency score <100), the proportion of patients 

reporting different levels of angina (none, monthly, weekly, daily), and the proportions of 

patients taking each category of antianginal medication (beta blockers, calcium channel 

blockers, long-acting nitrates) were compared between patients with and without DM at 

each time point using chi-square tests. Hierarchical, multivariable, repeated measures 

regression models were used to evaluate the independent association of DM with angina 
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over the 12 months of follow-up. Because the frequency of angina was >10%, we estimated 

relative rates (RR) directly using Poisson regression to avoid overestimation of effect sizes. 

The variables included in the multivariable model were selected a priori based on prior 

literature review and clinical judgment of factors that might impact anginal status: age, sex, 

race, hypertension, current smoking, depressive symptoms (as assessed with the 9-item 

Patient Health Questionnaire22[score ≥ 10]), prior bypass graft surgery, prior angioplasty, 

angioplasty during the acute AMI hospitalization, bypass graft surgery during the acute AMI 

hospitalization, presence of multivessel disease (≥70% stenosis in ≥2 major epicardial 

coronary arteries or ≥50% stenosis of the left main coronary artery), left ventricular systolic 

dysfunction (ejection fraction <40%), type of AMI (ST- or non-ST-elevation), and Global 

Registry of Acute Coronary Events (GRACE) score.23 Reference group is patients without 

diabetes. Interactions of DM with the other covariates (including time) were explored and 

were included when significant (defined a priori as pinteraction<0.10),24 and spline terms 

were considered for all continuous variables. Models were hierarchical, with hospital 

included as a random effect to adjust for patient clustering by site.

A second hierarchical, multivariable, repeated measures regression model was used to 

examine factors associated with angina among patients with DM. In addition to the above 

covariates, we examined the association of DM severity (by HbA1c measurement), DM 

duration, and discharge on insulin with angina over the 12 months of follow-up. Missing 

baseline covariate data were imputed using IVEware (Imputation and Variance Estimation 

Software; University of Michigan's Survey Research Center, Institute for Social Research, 

Ann Arbor, MI). All analyses were conducted using SAS v9.2 (SAS Institute, Inc., Cary, 

NC), and statistical significance was determined by a 2-sided p-value of <0.05.

RESULTS

Patient population

Of the 4340 patients enrolled into the TRIUMPH registry, 292 patients were excluded as 

they were newly-diagnosed as having DM during the AMI hospitalization and an additional 

63 patients did not survive to 1 month after the AMI and thus had no opportunity for follow-

up. Of the remaining 3985 patients who were eligible for analysis, 618 (15.5%) were 

excluded due to missing SAQ angina frequency data , yielding an analytic cohort of 3367, 

including 1080 (32%) with prevalent DM. While patients who were alive but missing 

follow-up health status assessments were more likely to report angina at baseline (missing 

vs. not: 49.1% vs. 44.4%, p=0.034; Supplemental Table 1), angina was not associated with 

missing follow-up in a multivariable logistic model (p=0.27).

There were several demographic and clinical differences between patients with and without 

DM (Table 1). Patients with DM were older, more frequently non-White, female, non-

smokers, and had higher rates of prior coronary revascularization than patients without DM. 

During the acute AMI hospitalization, patients with DM (vs. without DM) were less likely 

to present with ST-elevations (33% vs. 49%, p<0.001), and more likely to have multivessel 

coronary disease (60% vs. 44%, p<0.001). Patients with DM were less likely to be 

invasively managed for their AMI (90% vs. 95%, p<0.001) and less likely to be treated with 

coronary revascularization (69% vs. 79%, p<0.001).
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Angina management

Patients with DM required treatment with more antianginal medications (Table 2). As all 

patients were post-AMI, the use of beta blockers was high in both groups (~91% at 

discharge, 75–86% over follow-up). However, at discharge and at each follow-up time 

point, more patients with DM were taking calcium channel blockers (17–18%) and long-

acting nitrates (14–19%) compared with those without DM (calcium channel blockers: 8–

10%; long-acting nitrates: 6–8%; p<0.001 for comparisons between DM and non-DM for 

both medication groups and at all time points). Compared with patients without DM, nearly 

twice as many patients with DM required 2 or more antianginals at each time point.

Angina and health status

In unadjusted comparisons, despite receiving more antianginal medications, patients with 

DM had more angina both preceding their AMI (4 week period prior to AMI, assessed with 

SAQ during hospitalization; 49% vs. 43%, p=0.001) and at every follow-up point after 

discharge through 12 months, compared with patients without DM (Figure 1). At 12 months 

after AMI, 28% of patients with DM reported having angina vs. 21% of patients without 

DM (p<0.001). In addition to an increased prevalence of angina, patients with DM reported 

more frequent angina compared with those without DM at each time point (p<0.01 for all 

time points; Figure 2). All other disease-specific and health status scores were lower (i.e., 

worse health status) for patients with DM than for those without DM at both baseline and 12 

months, except for the SF-12 mental components summary scores, which were similar 

between groups at 12 months (Table 3). The largest differences between groups (according 

to effect sizes) were in the SAQ physical limitations scale and the SF-12 physical 

component summary score, whereas the differences between groups among the other 

measures were statistically significant but modest.

In the repeated measures model that adjusted for multiple factors (demographics, clinical 

characteristics, acute AMI presentation, severity of coronary disease, in-hospital treatments 

[including coronary revascularization] and hospital site), DM was associated with a greater 

likelihood of angina over the 12 months of follow-up; and the magnitude of this association 

increased over time (interaction of DM*time p=0.008; Figure 3). At 1 month after AMI, 

after multivariable adjustment, there was no significant difference in the prevalence of 

angina based on DM status. However, at 12 months after AMI, patients with DM had 18% 

greater risk of having angina compared with patients without DM (RR 1.18, 95% CI 1.01–

1.37; full model results in Supplemental Table 2).

Predictors of angina among DM patients

In a second multivariable model that included only patients with DM, neither duration of 

DM nor long-term glucose control (estimated with HbA1c) were significantly associated 

with angina over the 12 months after AMI (p=0.31 and 0.52, respectively). However, 

compared with patients treated with oral hypoglycaemics or controlled with diet only, 

patients treated with insulin had a greater risk of angina over time (RR 1.18, 95% CI 1.04–

1.34).
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DISCUSSION

In a large, multicenter registry of AMI patients, we found that approximately 1 in 4 patients 

report angina at 12 months after an AMI, despite treatment with modern medical and 

interventional therapies. Contrary to conventional wisdom, patients with DM experienced 

greater angina burden than those without DM, both prior to and following AMI—an effect 

that was amplified over time. Patients with DM also had more physical limitations due to 

angina and worse quality of life. Of note, patients with DM received more antianginal 

medications, indicating that this association would likely be even stronger with similar 

intensity of medical treatment. Given the impact of angina on quality of life, repeat 

hospitalizations and resource utilization,15 continued efforts to reduce angina after an AMI 

are needed, particularly among patients with DM who have a higher burden of both coronary 

disease and angina.

Prior Studies

Whether patients with DM experience more angina than those without diabetes has been a 

subject of debate. Some older studies7–9 implied that patients with DM have more silent 

ischemia and experienced less angina. However, more recent investigations do not support 

this notion. A 2-center observational study of 1199 patients hospitalized with an acute 

coronary syndrome from 2001–02 showed that patients with DM had a higher angina burden 

1 year after hospital discharge as compared with those without DM, with higher unadjusted 

rates of 1-year angina in both groups (37% and 27%, respectively) and the adjusted odds of 

angina were even higher than what we observed (Odds Ratio 1.36; 95% CI 1.01–1.38).12 

Importantly, 43% of the patients in that study presented with unstable angina and 40% were 

medically managed, which could explain the greater difference in angina burden observed in 

that study. In a more recent study—the MERLIN-TIMI 36 multinational clinical trial of 

ranolazine after non-ST-elevation acute coronary syndrome—patients with DM had a 

greater incidence of recurrent ischemia over 1 year after hospitalization than those without 

DM.13 By demonstrating the greater burden of angina in patients with DM than those 

without DM using contemporary, multicenter, prospective real-world data and by finding 

this effect is amplified over time (as opposed to examining only 2 time points), our study 

substantially expands on these prior findings.

Potential Mechanisms

While more investigation is needed to determine the underlying reasons for this association, 

there is evidence to suggest that patients with DM have a more diffuse nature of coronary 

disease25 and greater progression of their coronary disease26 than those without DM. In 

addition, mechanisms unrelated to coronary anatomy, such as microvascular impairment27 

and endothelial dysfunction28 or different metabolic demands29, may also play a role. Our 

finding of a significant association between DM and angina, independent of multivessel 

disease, suggests that it may be more than just an increased prevalence of epicardial disease 

that accounts for this increased burden of angina among patients with DM. Ultimately, 

recognizing the multiple macrovascular, microvascular, and metabolic differences between 

patients with and without DM, the reasons for increased angina burden among patients with 

DM are likely multifactorial.
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In addition to the anatomic and physiological differences between patients with and without 

DM, differences in treatment and also differential responses to treatments may also play a 

role in the frequency and severity of angina after AMI. For example, revascularization was 

not only less common among patients with DM (likely resulting from coronary disease 

anatomy that does not lend itself well to feasible revascularization) but revascularization 

techniques also differed. Patients with DM were slightly more likely to undergo bypass graft 

surgery (11% vs. 9%), which has been shown in DM patients to be associated with small 

improvements in angina (SAQ angina frequency difference of 1.3 points at 2 years) 

compared with drug-eluting stents.30 While we did adjust for revascularization type in our 

multivariable analysis, this may be one potential target to narrow the gap in angina burden 

between patients with and without DM. In addition, antianginal therapies differed between 

groups, and it is unknown whether particular antianginal medications are more or less 

effective in patients with DM, although there is some data to support additional benefit of 

both nitrates31 and ranolazine13 in patients with DM. Further investigations as to the 

mechanisms underlying the observed association of DM with increased angina are necessary 

as they could provide important information both about potential targets for intervention as 

well as potential treatments to target angina among patients with DM.

Limitations

Our findings should be interpreted in the context of several potential limitations. First, 

within the DM patients, our assessments of the severity of DM or DM treatments were 

somewhat limited as we did not have detailed information about complications of DM, serial 

HbA1c measurements prior to AMI, or other measures of chronic severity of DM. More 

dedicated study among patients with DM with sensitive assessments of long-term DM 

control and complications could identify additional potential mediators of our findings. 

Second, the severity of anatomic coronary disease during the AMI hospitalization was 

defined based on chart review of the coronary angiogram and not by an angiographic core 

laboratory. As such, more sensitive definitions of coronary disease severity, such as 

SYNTAX score, could not be determined, which may have influenced our ability to fully 

adjust for the differences between patients based on DM status. However, given the number 

of clinical and treatment factors that we were able to adjust for, it is unlikely that this 

additional adjustment would have substantially altered our findings. Finally, patients with 

DM were less likely to undergo revascularization during the AMI compared with non-DM 

patients. While there was slightly less invasive management in the DM patients, this 

difference is more likely driven by anatomic differences (i.e., the ability to revascularize) 

between groups. While this could have impacted our unadjusted analyses, we did adjust for 

revascularization strategy in our multivariable model and, thus, this should not have affected 

our adjusted results.

Conclusion

In a large, multicenter AMI registry, angina prior to and after AMI was more prevalent and 

more severe among patients with DM than those without. This effect was present despite 

more aggressive angina treatment among patients with DM, was amplified over time, and 

was independent of patient and treatment factors, including the presence of multivessel 
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disease. More attention to recognizing and treating angina after AMI, particularly among 

patients with DM, may improve the quality of life of these high-risk patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Percentage of Patients Reporting Angina Prior to and after Myocardial Infarction
The red line indicates the percentage of patients with DM who reported any angina (SAQ 

angina frequency score <100), and the blue line represents the percentage of patients without 

DM who reported angina at each time point.
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Figure 2. Percentage of Patients Reporting Different Levels of Angina Four weeks Prior to, and 
1, 6, and 12 months after Myocardial Infarction
As assessed with the Seattle Angina Questionnaire angina frequency domain. Scores 0–30 

indicate daily angina; 31–60 indicate weekly angina; 61–99 indicate monthly angina; 100 

indicates no angina. p<0.01 for comparisons between groups at all time points.
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Figure 3. Relative Risk of Angina among Patients with Diabetes over the Year Following 
Myocardial Infarction
Reference group is patients without diabetes. Adjusted for age, sex, race, hypertension, 

smoking status, depressive symptoms, prior angioplasty, prior bypass graft surgery, in-

hospital angioplasty, in-hospital bypass graft surgery, presence of multivessel disease, left 

ventricular dysfunction, ST-elevations on presentation, and GRACE discharge score
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Table 1

Baseline Characteristics

Diabetes n=1080 No Diabetes n=2287 P-Value

Age (y) 60.8 ± 11.3 58.6 ± 12.4 <0.001

White race 60.6% 75.6% <0.001

Male 59.4% 70.6% <0.001

High school or greater education 75.3% 82.4% <0.001

Insurance coverage for meds 73.4% 75.0% 0.323

Hypertension 83.2% 57.8% <0.001

Current smoking 28.9% 41.6% <0.001

Depressive symptoms 20.8% 13.6% <0.001

HbA1c (%) 8.1 ± 2.0 5.6 ± 0.4 <0.001

History of angioplasty 25.4% 17.4% <0.001

History of bypass graft surgery 18.5% 7.9% <0.001

ST-elevations on arrival 33.4% 49.3% <0.001

Multivessel disease 59.8% 44.1% <0.001

Left ventricular dysfunction 20.1% 16.3% 0.007

GRACE discharge score 106.8 ± 29.5 96.9 ± 28.6 <0.001

In-hospital angiogram 90.0% 95.0% <0.001

In-hospital revascularization 68.7% 78.9% <0.001

 In-hospital angioplasty 58.1% 71.3% <0.001

 In-hospital bypass graft surgery 11.3% 8.7% 0.019

GRACE, Global Registry of Acute Coronary Events23
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Table 2

Use of Antianginal Medications

Diabetes n=1080 No Diabetes n=2287 P-Value

Discharge

 Mean number of antianginals 1.29 ± 0.69 1.08 ± 0.49 <0.001

 2 or more antianginals 27.5% 12.9% <0.001

 Beta-blocker 90.7% 91.2% 0.655

 Calcium channel blocker 17.5% 8.1% <0.001

 Long-acting nitrate 18.5% 8.0% <0.001

1 Month

 Mean number of antianginals 1.23 ± 0.77 1.03 ± 0.55 <0.001

 2 or more antianginals 27.8% 12.4% <0.001

 Beta-blocker 84.0% 85.8% 0.264

 Calcium channel blocker 18.4% 8.2% <0.001

 Long-acting nitrate 16.2% 6.4% <0.001

6 Month

 Mean number of antianginals 1.20 ± 0.80 1.02 ± 0.60 <0.001

 2 or more antianginals 28.2% 14.1% <0.001

 Beta-blocker 79.5% 82.5% 0.089

 Calcium channel blocker 18.0% 10.2% <0.001

 Long-acting nitrate 18.8% 7.5% <0.001

12 Months

 Mean number of antianginals 1.09 ± 0.78 0.96 ± 0.60 <0.001

 2 or more antianginals 24.8% 12.4% <0.001

 Beta-blocker 75.0% 79.5% 0.02

 Calcium channel blocker 16.8% 9.4% <0.001

 Long-acting nitrate 14.3% 6.0% <0.001

Use of ranolazine was <1% in both groups at all time points, with no differences between groups
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