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ABSTRACT 

Aims: Patients with diabetes and no obstructive coronary artery disease (CAD) as assessed by 

coronary angiography (CAG) are frequently treated with aspirin and statins. We examined the 

effectiveness of aspirin and statin treatment on cardiovascular and bleeding incidence in patients 

with diabetes and absent obstructive CAD. 

Methods and results: The study included patients with diabetes and absent obstructive CAD as 

assessed by CAG from 2003 to 2016 in Western Denmark. We stratified patients by aspirin and 

statin treatment within 6 months after CAG in two separate analyses. Outcomes were MACE 

(major adverse cardiovascular events, a composite of myocardial infarction, ischemic stroke, and 

death) and bleeding (aspirin only). To account for confounding, we used propensity score-based 

weights to estimate the inverse probability of treatment-weighted hazard ratios (HRIPTW). We 

included 4,124 patients with diabetes but without CAD as assessed by CAG, among whom 2,474 

(60%) received aspirin and 2,916 (71%) received statin treatment within 6 months following 

CAG. Median follow-up was 4.9 years. Aspirin did not reduce 10-year MACE (21.3% vs 21.8%, 

HRIPTW 1.01, 95% confidence interval (CI) 0.82-1.25), all-cause death (HRIPTW 0.96, 95% CI 

0.74-1.23), or bleeding (HRIPTW 0.95, 95% CI 0.73-1.23), compared to those not receiving 

aspirin treatment. Statin treatment reduced MACE (25% versus 37%, HRIPTW 0.58, 95% CI 0.48-

0.70) compared to those not receiving statin treatment.  

Conclusion: Among patients with diabetes and no obstructive CAD, aspirin neither reduced 

MACE nor increased bleeding. In contrast, statin treatment was associated with a major reduction 

in risk of MACE. 

 

Keywords: diabetes, coronary artery disease; statin; aspirin; myocardial infarction; death
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INTRODUCTION 

Individuals with diabetes have a twofold greater risk of cardiovascular disease compared 

to persons without diabetes.[1] Patients with diabetes and coronary artery disease (CAD) are at 

substantially higher risk of cardiovascular outcomes compared to patients with CAD but without 

diabetes.[2] About 40% of patients undergoing elective coronary angiography (CAG) do not have 

obstructive CAD.[2] In the absence of obstructive CAD as assessed by CAG or coronary computed 

tomography angiography, persons with and without diabetes reportedly have a low and comparable 

risk of myocardial infarction (MI).[2-4] Still, patients with diabetes have an increased risk of 

ischemic stroke and death.[5] Current guidelines do not routinely recommend aspirin in patients 

with diabetes without established cardiovascular disease.[6, 7] However, many patients with 

diabetes continue aspirin treatment after CAG despite no sign of obstructive CAD or other 

indications for antiplatelet treatment. In such patients, the effectiveness of aspirin treatment 

remains unclear.  

Statins are the first-choice lipid-lowering drugs. However, lipid-lowering therapy – similar 

to aspirin – is not generally recommended for patients with diabetes considered at low risk of 

cardiovascular events.[6] Since the efficacy of statins or aspirin in patients with diabetes with 

documented angiographic absence of CAD has not been examined in a randomized setting, it 

remains unknown whether aspirin or statins should be initiated, continued, or discontinued, as a 

primary prevention strategy, in such individuals.  

We hypothesized that neither aspirin nor statins would reduce the risk of major adverse 

cardiovascular events (MACE) in patients with diabetes but without obstructive CAD as assessed 

by CAG in a routine clinical care setting in Western Denmark. 
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METHODS 

 Study design and setting: We conducted a cohort study using existing regional and national 

health care registries. Denmark has a free tax supported health care system. The Western Denmark 

Heart Registry has recorded every CAG performed in Western Denmark since 1999.[8] The Civil 

Registration System, which contains information on the vital status of each Danish resident, 

assigns a unique 10-digit number to each resident at birth or immigration. This identifier is used 

in every registry in the country, allowing for linkage of patient-level information among health 

care registries. 

 Study population: The study population included adult patients examined by CAG between 

January 1, 2003 and December 31, 2016 in Western Denmark (Figure 1). In case of multiple 

examinations of the same patient, the first CAG was considered the index procedure. Exclusions 

were a previous history of MI, percutaneous coronary intervention (PCI) or coronary artery bypass 

grafting (CABG) prior to CAG, missing CAD registration, obstructive CAD (≥50% coronary 

stenosis in ≥1 coronary vessel), diffuse CAD (non-obstructive CAD in ≥2 coronary vessels), an 

indication for anti-platelet therapy (ischemic stroke, peripheral artery disease, or coronary 

revascularization <6 months after CAG), treatment with adenosine diphosphate inhibitors or oral 

anti-coagulant treatment, atrial fibrillation, or death/emigration <6 months after CAG. Inclusion 

criteria were a diabetes diagnosis recorded in the Danish National Patient Registry, a record of 

diabetes in the Western Denmark Heart Registry, or active treatment with anti-diabetes 

medications [≥1 redeemed prescription(s) 6 months after CAG as recorded in the Danish 

Prescription Registry].  
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 Aspirin and statin treatment: Active drug treatment with aspirin or statins at the start of 

follow-up was defined as redemption of ≥1 prescription(s) within 6 months after the CAG date 

(Supplemental material, Table S1).  

 Outcomes: The main outcome was MACE, defined as MI, ischemic stroke, or all-cause 

death (Supplemental material, Table S1). We separately examined cardiovascular death, all-

cause death, as well as any hospitalization for bleeding for aspirin.  

 Statistical analysis: We performed two separate analyses for aspirin treatment and statin 

treatment. Start of follow-up was postponed for 6 months after the CAG date to ensure that patients 

were classified according to aspirin and statin treatment after CAG examination. Follow-up 

continued for up to 10 years, until occurrence of an outcome, death, emigration, or end of follow-

up (December 31, 2018). For aspirin treatment, patient follow-up was censored upon occurrence 

of an indication for aspirin therapy (coronary revascularization, peripheral artery disease, or atrial 

fibrillation) or initiation of other anti-thrombotic treatment (ADP-inhibitor or oral anti-coagulant 

treatment). Follow-up also was censored when non-treated patients initiated aspirin treatment. We 

used propensity score-based weights to account for confounding.[9] The propensity score was 

estimated using a logistic regression model including variables associated with both treatment 

exposure and outcome, or outcome alone (sex, age, hypertension, heart failure, duration of 

diabetes, referral to evaluate acute coronary syndrome, procedural urgency, active smoking, 

previous hospitalization for bleeding, statin treatment within six months following CAG, other-

lipid lowering treatment, and year of examination).[10] A total of 9.8% of patients had missing 

values for smoking. Missing values were handled through multiple imputation using chained 

equations, generating 10 imputations.[11]  
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 We used stabilized inverse-probability of treatment weighting (IPTW) to estimate the 

average treatment effect, and standardized mortality ratio weighting (SMRW) to estimate the 

average treatment effect among treated patients.[9, 12] We estimated baseline characteristics in 

IPTW and SMRW pseudo-populations to assess the balance among treated and non-treated 

patients after weighting. We used Cox regression to compute crude and weighted hazard ratios 

(HRs) with a robust variance-covariance estimator using non-treated patients as reference.[9, 13] 

The proportional hazards assumption was evaluated using log -log plots and found to be satisfied. 

We also computed 10-year cumulative incidence and cumulative incidence curves weighted by 

IPTW. We performed sex-stratified analyses, considering that previous results suggest potential 

sex-dependent effects of aspirin.[14] We performed a similar analysis using post-procedural statin 

treatment as the exposure. Follow-up started 6 months after the CAG examination date and 

continued until occurrence of an outcome, emigration, or 10 years after start of follow-up. Follow-

up of patients not treated with statins was censored if statin treatment was initiated. The propensity 

for statin treatment at start of follow-up was estimated using a multivariable logistic regression 

model similar to that previously described, also including aspirin treatment. We tested for 

interaction between aspirin treatment and statin treatment and the risk of MACE. A p-value <0.05 

was considered statistically significant. We used Stata/MP version 16 and R version 4 with R 

package ‘tableone’.  

 Subgroup analyses: We performed subgroup analyses limited to (1) patients with stable 

angina pectoris as the indication for an elective procedure, and (2) patients with type 2 diabetes, 

i.e., excluding patients who had redeemed a prescription only for insulin prior to the start of follow-

up. We also compared patients in high-intensity statin treatment (atorvastatin ≥40 mg or 

rosuvastatin ≥20 mg) to patients in moderate-intensity statin (any other statin treatment).[7] 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvab040/6275751 by guest on 05 June 2021



7 

 

 Sensitivity analyses: We performed a sensitivity analysis in which follow-up of aspirin-

treated patients was censored if aspirin was discontinued. We first counted the number of days that 

each prescription redemption would cover assuming consistent daily intake, i.e., one pill per day. 

Discontinuation was defined as not redeeming a new aspirin prescription >90 days, >60 days, >30 

days, or >15 days, respectively, since the last day that the previous prescription would cover. We 

did not perform a similar sensitivity analysis of statin treatment. Contrary to aspirin, the effect of 

statins on atherosclerosis is not immediate. In addition, the effect of statin would offer some lasting 

protection after discontinuation if preceded by long-term treatment. We performed sensitivity 

analysis using asymmetrical trimming of propensity scores with a 5th percentile to 95th percentile 

range to reduce residual confounding.[15] Finally, we performed a new-user analysis of statin 

treatment, excluding patients who had received statin treatment (i.e., redeemed a statin 

prescription) within 6 months prior to CAG. 

 Ethical considerations: This study was approved by the Danish Data Protection Agency 

(record no. 1-16-02-193-18). Observational registry-based studies do not require approval from 

ethics committees or informed consent from patients according to Danish regulations. 

 

RESULTS  

 A total of 4,124 patients with diabetes but with no CAD or non-obstructive CAD, as 

assessed by CAG, and no indication for aspirin were included in the study. Among participants, 

2,474 (60%) were receiving aspirin treatment and 2,916 (71%) were receiving statin treatment 

(Figure 1). Median follow-up was 4.9 years (interquartile range 2.2-8.1 years). 

 Baseline characteristics: Patients receiving aspirin treatment 6 months after CAG were 

older and more often female than patients not treated with aspirin (Table 1). Aspirin-treated 
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patients were also more likely to have hypertension and heart failure, and were more frequently 

treated with statins, non-insulin diabetes medication, and anti-hypertensive drugs than non-treated 

patients. After weighting aspirin users and nonusers, treatment groups were well-balanced, with 

absolute standardized differences for all covariates <0.10 after weighting (Supplemental material, 

Table S2). Two year after start of follow-up, 87.2% of aspirin-treated patients remained in 

treatment. 

 Patients receiving statin treatment were older and more often female than non-treated 

patients. Statin treatment was more frequently associated with hypertension, but less frequently 

associated with heart failure and renal disease. Aspirin, non-insulin diabetes medications, and anti-

hypertensive drugs were more frequently used by statin-treated patients. After weighting statin 

users and nonusers, treatment groups were well-balanced, with absolute standardized differences 

for all covariates <0.10 after weighting (Supplemental material, Table S3). Among statin-treated 

patients, 90.0% were still in treatment 2 years after inclusion.  Simvastatin was the most frequently 

used type of statin, followed by atorvastatin. Median statin treatment duration prior to start of 

follow-up prior was 4.8 years (interquartile range: 2.1-7.9 years) among statin-treated patients.  

Aspirin treatment: The weighted 10-year cumulative incidence of MACE was similar in 

aspirin-treated and non-treated patients (21.3% versus 21.8%, Table 2, Figure 2).  When estimating 

the average treatment effect of aspirin, we found no difference in 10-year MACE (HRIPTW 1.01, 

95% CI 0.82-1.25). Results were similar when estimating the average treatment effect among 

treated patients [HRSMRW 1.01, 95% confidence interval (CI) 0.80-1.28, Table 2]. We found similar 

results for cardiovascular death and all-cause death. Hospitalizations for bleeding were not 

increased in patients treated with aspirin. When applying increasingly strict censoring criteria for 

treatment discontinuation among aspirin-treated patients, results were similar (Supplemental 
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material, Tables S4-S6, Figure S1). However, with stricter censoring criteria point estimates 

showed a reduced MACE rate and an increased bleeding rate associated with aspirin treatment, 

corresponding to an assumption of greater compliance. We found similar results using 

asymmetrical trimming (Supplemental material, Table S7). We found no sex differences in MACE 

(Supplemental material, Table S8). 

Statin treatment: Treatment with statin after CAG was associated with reduced 10-year 

risk of MACE compared to non-treated patients (24.6% versus 37.2%, HRIPTW 0.58, 95% CI 0.48-

0.70, Table 2, Figure 2). This was driven by lower risk of MI and death, but not ischemic stroke. 

Similar results were seen after asymmetrical trimming and among new users (Supplemental 

material, Tables S9-S10). We found no interaction between aspirin and statin treatment (p=0.58). 

We found no significant effect of high-intensity statin treatment compared to moderate-

intensity statin treatment (Supplemental material, Tables S11). 

 Among patients undergoing an elective procedure due to stable angina pectoris, aspirin did 

not reduce MACE. We also observed a more modest MACE reduction associated with statin 

treatment than in the main analysis (Supplemental material, Table S12). Subgroup analysis of 

patients with type 2 diabetes yielded results similar to the main analysis (Supplemental material, 

Table S13). 

 

DISCUSSION 

The major findings of this study, performed in a cohort of patients with diabetes and 

without obstructive CAD, were that statin treatment reduced MACE and all-cause death, while 

aspirin did not affect these outcomes.  
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 Our group and others have shown previously that patients with diabetes have a low risk of 

MI and an intermediate risk of ischemic stroke in the absence of obstructive CAD.[2, 4, 5] In the 

current study, we examined the effect of aspirin and statins, hypothesizing that neither aspirin nor 

statins would improve outcomes in this population. We found no effect of aspirin treatment for 

patients with diabetes and without obstructive CAD. These results align with the ASCEND (A 

Study of Cardiovascular Events in Diabetes) trial, which examined the effect of aspirin as primary 

prophylaxis in patients with diabetes but no clinical history of cardiovascular disease 

(n=15,480).[16] Aspirin reduced the risk of serious vascular events by 1.1%. This was offset by a 

absolute increase in major bleeding of 0.9%. Aspirin failed to reduce serious cardiovascular events 

and mortality in a meta-analysis of 11,618 patients with diabetes.[14] In both the ASCEND trial and 

the meta-analysis, eligible patients had no clinical history of cardiovascular disease and unknown 

coronary status. The latter characteristic suggests that our cohort, with documented absence of 

obstructive CAD, may have been at lower risk of cardiac events than the ASCEND cohort. 

However, our results are consistent with those of the ASCEND trial.  

 In contrast to aspirin, we found that statin treatment of patients with diabetes but without 

obstructive CAD was associated with a 12.6% absolute risk reduction in MACE over ten years. 

Primary prophylactic treatment with statins significantly reduces cardiovascular risk in 

diabetes patients.[17] However, randomized studies have primarily included patients with 

unknown coronary status.[18] The use of statins for primary prevention among patients 

without angiographically-documented absence of obstructive CAD has not yet been 

examined in a randomized setting. Treating asymptomatic patients with an intermediate risk of 

cardiovascular disease with statins – independent of cholesterol levels – reduced a composite end-

point of cardiac death, MI, stroke, cardiac arrest, heart failure, or revascularization by 24% and 
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yielded a 35% relative reduction in MI.[19] After 5.6 years of follow-up of statin-treated patients, 

0.7% had experienced MI, 1.1% had experienced stroke, and 5.6% had died. After median follow-

up of 4.9 years, we observed a 2.4% MI risk, 3.0% ischemic stroke risk, and 13.5% mortality. We 

included symptomatic patients with diabetes, a high prevalence of hypertension and heart failure, 

and a high body mass index, with an indication for CAG. This may explain the increased event 

rates compared to the randomized trials. A 1 mmol/L reduction in LDL cholesterol among patients 

prescribed statins as primary prevention was associated with a 43% relative reduction in major 

coronary events among patients with low risk of vascular disease and no history of CAD.[20] In a 

pooled cohort of 11,730 randomized patients with diabetes and without known atherosclerotic 

cardiovascular disease, statin treatment significantly reduced major vascular events (MI, coronary 

death, stroke, or revascularization) by 27% per mmol/L reduction in LDL cholesterol.[18] A Danish 

study found that new statin users on average reduced their LDL cholesterol levels by 1.7 mmol/L, 

and that 82% of high-risk patients (including patients with diabetes without previous 

cardiovascular disease) reached the recommended 2.5 mmol/L treatment target.[21] Assuming a 

similar reduction in our cohort, we would expect a 34% relative reduction in MACE with statin 

use, but actually observed a 42% reduction.[22] Current guidelines recommend exceedingly low 

LDL cholesterol target levels depending on cardiovascular risk status.[6] American guidelines 

recommend statin treatment as primary prevention for all patients with type 2 diabetes aged 40-

70.[23] In the absence of randomized trial evidence, our findings support statin treatment of patients 

with diabetes and without obstructive CAD, since statin treatment is inexpensive and has few side 

effects.[24] However, statin treatment did not lower the risk of ischemic stroke in our cohort. A 

possible explanation is that increased risk of subclinical episodes of atrial fibrillation in patients 

with diabetes causing embolic strokes that cannot be prevented by statin.[25] The Danish Steno-2 
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study found that an intensive, target-driven, multifactorial intervention, including medication 

(lipid-lowering medication and aspirin) and lifestyle changes in patients with diabetes, led to a 

20% absolute decrease in mortality over 13 years of follow-up, as well as a decrease in 

cardiovascular events.[26] These results led to the implementation of an intensive risk management 

strategy for Danish patients with diabetes, as observed in our patient cohort. However, this 

intervention may not be uniformly implemented in other countries. 

Limitations: The results of the observational study reported here are in line with those from 

randomized clinical trials. However, several limitations must be mentioned. First, we did not have 

access to LDL cholesterol values. While LDL cholesterol currently guides the decision to initiate 

statins, it is not considered in the decision to initiate aspirin.[6] Second, it is possible that residual 

confounding and confounding by indication may have biased the results of our study. However, 

we employed statistical methods to reduce the possibility of confounding.[9, 12] Third, drug 

exposure was determined by prescription redemption. We cannot attest to whether patients took 

their medication, but that limitation applies to both observational studies and clinical trials. 

However, prescription redemption indicates an active effort to collect and pay for medication. This 

perhaps indicates a higher probability of taking the medication. Fourth, patients included in this 

study may have had mild, non-obstructive CAD in a single vessel. CAD represents a continuum 

rather than a dichotomous condition, with varying extent of affected vessels and stenosis severity. 

We were unable to differentiate between patients with no apparent CAD and mild CAD. However, 

a study of American veterans found no difference in one-year MI incidence and mortality between 

patients with diabetes with no CAD and with mild-single vessel disease.[27]  Subclinical 

atherosclerosis cannot be detected by CAG. Some of the patients may have had subclinical 

coronary plaque burden, which has been found to be stronger predictor of cardiovascular 
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disease than luminal stenosis.[28] Finally, our study cohort represents symptomatic patients with 

diabetes examined by CAG and should not be generalized to all patients with diabetes. 

 In conclusion, statins, but not aspirin, reduced cardiovascular risk as assessed by CAG in 

patients with diabetes and without obstructive CAD. However, aspirin did not increase 

hospitalizations for bleeding. Unless proven otherwise by future randomized trials, our results 

suggest that statin treatment should be recommended to patients with diabetes, even with 

documented absence of CAD. Continued aspirin treatment cannot be discouraged based on our 

results, but should be carefully weighed by patients in consultation with their physicians in the 

context of their individual risk profiles. 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvab040/6275751 by guest on 05 June 2021



14 

 

FUNDING 

This work was supported by the Department of Cardiology, Aarhus University Hospital, Aarhus, 

Denmark. 

 

ACKNOWLEDGMENTS 

None 

 

DATA AVAILABILITY STATEMENT 

The data on which this article is based cannot be shared publicly due to Danish data protection 

regulations. 

 

CONFLICTS OF INTERESTS 

K.K.W.O. has received a speaker’s fee from Bayer. U.H.J., R.W.T., and H.T.S. report that the 

Department of Clinical Epidemiology is involved in studies with funding from various 

companies as research grants to and administered by Aarhus University. None of these studies 

are related to the current study. T.T. and H.E.B. have nothing to disclose. M.M. has received 

advisory board fees from Boehringer-Ingelheim, AstraZeneca, Novo Nordisk, BMS, Boston 

Scientific, and Bayer.

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvab040/6275751 by guest on 05 June 2021



15 

 

REFERENCES 

[1]Folsom AR, Szklo M, Stevens J, Liao F, Smith R, Eckfeldt JH. A prospective study of coronary heart disease in 

relation to fasting insulin, glucose, and diabetes. The Atherosclerosis Risk in Communities (ARIC) Study. Diabetes 

Care. 1997;20(6):935-42. 

[2]Olesen KKW, Madsen M, Egholm G, Thim T, Jensen LO, Raungaard B, Botker HE, Sorensen HT, Maeng M. 

Patients With and Without Diabetes Without Significant Angiographic Coronary Artery Disease Have the Same 

Risk of Myocardial Infarction in a Real-World Population Receiving Appropriate Prophylactic Treatment. Diabetes 

care. 2017. 

[3]Olesen KKW, Riis AH, Nielsen LH, Steffensen FH, Nørgaard BL, Jensen JM, Poulsen PL, Thim T, Bøtker HE, 

Sørensen HT, Maeng M. Risk stratification by assessment of coronary artery disease using coronary computed 

tomography angiography in diabetes and non-diabetes patients: a study from the Western Denmark Cardiac 

Computed Tomography Registry. European Heart Journal - Cardiovascular Imaging. 2019. 

[4]Saely CH, Aczel S, Marte T, Langer P, Drexel H. Cardiovascular complications in Type 2 diabetes mellitus 

depend on the coronary angiographic state rather than on the diabetic state. Diabetologia. 2004;47(1):145-6. 

[5]Olesen KKW, Madsen M, Gyldenkerne C, Thrane PG, Würtz M, Thim T, Jensen LO, Eikelboom J, Bøtker HE, 

Sørensen HT, Maeng M. Diabetes Mellitus Is Associated With Increased Risk of Ischemic Stroke in Patients With 

and Without Coronary Artery Disease. Stroke. 2019;50(12):3347-54. 

[6]Cosentino F, Grant PJ, Aboyans V, Bailey CJ, Ceriello A, Delgado V, Federici M, Filippatos G, Grobbee DE, 

Hansen TB, Huikuri HV, Johansson I, Jüni P, Lettino M, Marx N, Mellbin LG, Östgren CJ, Rocca B, Roffi M, 

Sattar N, Seferović PM, Sousa-Uva M, Valensi P, Wheeler DC, Group ESD. 2019 ESC Guidelines on diabetes, pre-

diabetes, and cardiovascular diseases developed in collaboration with the EASD: The Task Force for diabetes, pre-

diabetes, and cardiovascular diseases of the European Society of Cardiology (ESC) and the European Association 

for the Study of Diabetes (EASD). Eur Heart J. 2019. 

[7]10. Cardiovascular Disease and Risk Management: Standards of Medical Care in Diabetes—2021. Diabetes Care. 

2021;44(Supplement 1):S125-S50. 

[8]Schmidt M, Maeng M, Madsen M, Sorensen HT, Jensen LO, Jakobsen CJ. The Western Denmark Heart 

Registry: Its Influence on Cardiovascular Patient Care. J Am Coll Cardiol. 2018;71(11):1259-72. 

[9]Brookhart MA, Wyss R, Layton JB, Stürmer T. Propensity score methods for confounding control in 

nonexperimental research. Circulation Cardiovascular quality and outcomes. 2013;6(5):604-11. 

[10]Brookhart MA, Schneeweiss S, Rothman KJ, Glynn RJ, Avorn J, Stürmer T. Variable selection for propensity 

score models. Am J Epidemiol. 2006;163(12):1149-56. 

[11]Van Buuren S. Flexible Imputation of Missing Data. 2 ed. Boca Raton, FL, United States: CRC Press; 2012. 

[12]Hernán MA, Robins JM. Causal Inference: What If. Boca Raton: Chapman & Hall/CRC; 2020. 

[13]Granger E, Sergeant JC, Lunt M. Avoiding pitfalls when combining multiple imputation and propensity scores. 

Stat Med. 2019;38(26):5120-32. 

[14]Zhang C, Sun A, Zhang P, Wu C, Zhang S, Fu M, Wang K, Zou Y, Ge J. Aspirin for primary prevention of 

cardiovascular events in patients with diabetes: A meta-analysis. Diabetes Res Clin Pract. 2010;87(2):211-8. 

[15]Stürmer T, Rothman KJ, Avorn J, Glynn RJ. Treatment Effects in the Presence of Unmeasured Confounding: 

Dealing With Observations in the Tails of the Propensity Score Distribution—A Simulation Study. Am J Epidemiol. 

2010;172(7):843-54. 

[16]Bowman L, Mafham M, Wallendszus K, Stevens W, Buck G, Barton J, Murphy K, Aung T, Haynes R, Cox J, 

Murawska A, Young A, Lay M, Chen F, Sammons E, Waters E, Adler A, Bodansky J, Farmer A, McPherson R, 

Neil A, Simpson D, Peto R, Baigent C, Collins R, Parish S, Armitage J. Effects of Aspirin for Primary Prevention in 

Persons with Diabetes Mellitus. N Engl J Med. 2018;379(16):1529-39. 

[17]Colhoun HM, Betteridge DJ, Durrington PN, Hitman GA, Neil HA, Livingstone SJ, Thomason MJ, Mackness 

MI, Charlton-Menys V, Fuller JH. Primary prevention of cardiovascular disease with atorvastatin in type 2 diabetes 

in the Collaborative Atorvastatin Diabetes Study (CARDS): multicentre randomised placebo-controlled trial. Lancet. 

2004;364(9435):685-96. 

[18]Kearney PM, Blackwell L, Collins R, Keech A, Simes J, Peto R, Armitage J, Baigent C. Efficacy of cholesterol-

lowering therapy in 18,686 people with diabetes in 14 randomised trials of statins: a meta-analysis. Lancet. 

2008;371(9607):117-25. 

[19]Yusuf S, Bosch J, Dagenais G, Zhu J, Xavier D, Liu L, Pais P, López-Jaramillo P, Leiter LA, Dans A, Avezum 

A, Piegas LS, Parkhomenko A, Keltai K, Keltai M, Sliwa K, Peters RJG, Held C, Chazova I, Yusoff K, Lewis BS, 

Jansky P, Khunti K, Toff WD, Reid CM, Varigos J, Sanchez-Vallejo G, McKelvie R, Pogue J, Jung H, Gao P, Diaz 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvab040/6275751 by guest on 05 June 2021



16 

 

R, Lonn E. Cholesterol Lowering in Intermediate-Risk Persons without Cardiovascular Disease. N Engl J Med. 

2016;374(21):2021-31. 

[20]Mihaylova B, Emberson J, Blackwell L, Keech A, Simes J, Barnes EH, Voysey M, Gray A, Collins R, Baigent 

C. The effects of lowering LDL cholesterol with statin therapy in people at low risk of vascular disease: meta-

analysis of individual data from 27 randomised trials. Lancet. 2012;380(9841):581-90. 

[21]Svensson E, Nielsen RB, Hasvold P, Aarskog P, Thomsen RW. Statin prescription patterns, adherence, and 

attainment of cholesterol treatment goals in routine clinical care: a Danish population-based study. Clin Epidemiol. 

2015;7:213-23. 

[22]Mortensen MB, Steffensen FH, Bøtker HE, Jensen JM, Rønnow Sand NP, Kragholm KH, Kanstrup H, Sørensen 

HT, Leipsic J, Blaha MJ, Nørgaard BL. CAD Severity on Cardiac CTA Identifies Patients With Most Benefit 

of Treating LDL-Cholesterol to ACC/AHA and ESC/EAS Targets. JACC Cardiovasc Imaging. 2020;13(9):1961-72. 

[23]Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, Himmelfarb CD, Khera A, 

Lloyd-Jones D, McEvoy JW, Michos ED, Miedema MD, Muñoz D, Smith SC, Virani SS, Williams KA, Yeboah J, 

Ziaeian B. 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease. Circulation. 2019. 

[24]Gupta A, Thompson D, Whitehouse A, Collier T, Dahlof B, Poulter N, Collins R, Sever P. Adverse events 

associated with unblinded, but not with blinded, statin therapy in the Anglo-Scandinavian Cardiac Outcomes Trial - 

Lipid-Lowering Arm (ASCOT-LLA): a randomised double-blind placebo-controlled trial and its non-randomised 

non-blind extension phase. The Lancet. 2017;389(10088):2473-81. 

[25]Marfella R, Sasso FC, Siniscalchi M, Cirillo M, Paolisso P, Sardu C, Barbieri M, Rizzo MR, Mauro C, Paolisso 

G. Brief episodes of silent atrial fibrillation predict clinical vascular brain disease in type 2 diabetic patients. J Am 

Coll Cardiol. 2013;62(6):525-30. 

[26]Gæde P, Lund-Andersen H, Parving H-H, Pedersen O. Effect of a Multifactorial Intervention on Mortality in 

Type 2 Diabetes. N Engl J Med. 2008;358(6):580-91. 

[27]Maddox TM, Stanislawski MA, Grunwald GK, Bradley SM, Ho PM, Tsai TT, Patel MR, Sandhu A, Valle J, 

Magid DJ, Leon B, Bhatt DL, Fihn SD, Rumsfeld JS. Nonobstructive coronary artery disease and risk of myocardial 

infarction. JAMA. 2014;312(17):1754-63. 

[28]Mortensen MB, Dzaye O, Steffensen FH, Bøtker HE, Jensen JM, Rønnow Sand NP, Kragholm KH, Sørensen 

HT, Leipsic J, Mæng M, Blaha MJ, Nørgaard BL. Impact of Plaque Burden Versus Stenosis on Ischemic Events in 

Patients With Coronary Atherosclerosis. J Am Coll Cardiol. 2020;76(24):2803-13. 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

D
ow

nloaded from
 https://academ

ic.oup.com
/ehjcvp/advance-article/doi/10.1093/ehjcvp/pvab040/6275751 by guest on 05 June 2021



17 

 

TABLES 

Table 1. Baseline characteristics in diabetes patients without obstructive coronary artery disease by aspirin treatment and statin 

treatment. 

 No aspirin (n=1,650) Aspirin (n=2,474)  No statin (n=1,208) Statin (n=2,916) 

 n % n %  n % n % 

Mean age (SD) 56 years (12) 61 years (11)  57 years (13) 60 years (11) 

Male sex 864 52.4 1,210 48.9  674 55.8 1,400 48.0 

Smokinga 350 21.2 517 20.9  289 23.9 578 19.8 

Family history of 

ischemic heart 

diseasea 

613 37.2 1,026 41.5  432 35.8 1,207 41.4 

Comorbidity 
         

Hypertension 1,155 70.0 2,038 82.4  820 67.9 2,373 81.4 

Heart failure 207 12.5 349 14.1  214 17.7 342 11.7 

Renal disease 147 8.9 121 4.9  104 8.6 164 5.6 

Previous bleeding 151 9.2 165 6.7  90 7.5 226 7.8 

Median diabetes 

duration (IQR) 

4 years (1-9) 4 years (1-10)  3 years (0-9) 4 years (1-10) 

Median eGFR (IQR) a 99 mL/min (76-119) 95 mL/min (75-115)  99 mL/min (76-118) 96 mL/min (76-115) 

Median BMI, (IQR) 30 kg/m2 (26-35) 30 kg/m2 (27-35)  30 kg/m2 (25-34) 30 kg/m2 (27-35) 

Median systolic BP 

(IQR) 

140 mmHg (125-154) 140 mmHg (127-154)  140 mmHg (124-153) 140 mmHg (128-155) 

Median diastolic BP 

(IQR) 

80 mmHg (70-88) 80 mmHg (70-87)  80 mmHg (70-87) 80 mmHg (70-88) 

Medication 
         

Statin 943 57.2 1,973 79.7  0 0.0 2,916 100.0 

Aspirin 0 0.0 2,474 100.0  501 41.5 1,973 67.7 

Non-insulin 904 54.8 1,683 68.0  595 49.3 1,992 68.3 

Insulin 462 28.0 731 29.5  342 28.3 851 29.2 

Beta-blocker 560 33.9 1,326 53.6  474 39.2 1,412 48.4 

Calcium-blocker 464 28.1 951 38.4  327 27.1 1,088 37.3 
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Thiazide 250 15.2 500 20.2  172 14.2 578 19.8 

ARB 442 26.8 772 31.2  275 22.8 939 32.2 

ACE-inhibitor 575 34.8 1,154 46.6  443 36.7 1,286 44.1 

Proton-pump inhibitor 526 31.9 754 30.5  361 29.9 919 31.5 

Other lipid-lowering 

treatment 

42 2.5 74 3.0  54 4.5 62 2.1 

 Fibrates 10 0.6 33 1.3  21 1.7 22.0 0.8 

 Cholestyramine 2 0.1 3 0.1  2 0.2 3 0.1 

 Niacine 4 0.2 3 0.1  2 0.2 5 0.2 

 Ezetimibe 27 1.6 38 1.5  32 2.6 33 1.2 

Type of statin 
         

 Simvastatin 687 41.6 1,467 59.3  0 0.0 2,150 73.3 

 Atorvastatin 190 11.5 372 15.0  0 0.0 560 19.2 

 Rosuvastatin 45 2.7 94 3.8  0 0.0 138 4.7 

 Lovastatin 0 0.0 3 0.1  0 0.0 3 0.1 

 Fluvastatin 4 0.2 4 0.2  0 0.0 8 0.3 

 Pravastatin 22 1.3 35 1.4  0 0.0 57 2.0 

Priority 
         

Acute 89 5.4 101 4.1  89 7.4 101 3.5 

Subacute 298 18.1 423 17.1  223 18.5 498 17.1 

Elective 1,263 76.5 1,950 78.8  896 74.2 2,317 79.5 

Indication 
         

STEMI 49 3.0 55 2.2  53 4.4 51 1.7 

NSTEMI 75 4.5 157 6.3  60 5.0 172 5.9 

Unstable AP 70 4.2 72 2.9  41 3.4 101 3.5 

Stable AP 843 51.1 1,428 57.7  576 47.7 1,695 58.1 

Arrhythmia 48 2.9 49 2.0  39 3.2 58 2.0 

Valvular disease 60 3.6 120 4.9  66 5.5 114 3.9 

Cardiomyopathy 135 8.2 200 8.1  121 10.0 214 7.3 

Other 370 22.4 393 15.9  252 20.9 511 17.5 
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CCTA <3 months 

prior to examination 

124 10.3 180 6.2  141 8.5 163 6.6 

a) Missing values: smoking (9.8%), family history of ischemic heart disease (9.4%), eGFR (18.7%) 

 
ACE: angiotensin converting enzyme 

AP: angina pectoris 

ARB: angiotensin II receptor blocker 

BMI: body mass index 

BP: blood pressure 

CCTA: coronary computed tomography angiography 

eGFR: estimated glomerular filtration rate 

IQR: interquartile range 

NSTEMI: non-ST elevation myocardial infarction  

SD: standard deviation 

STEMI: ST-elevation myocardial infarction 
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Table 2. Risk of major adverse cardiovascular events, death, and bleeding by aspirin and statin treatment.  

 Patients (events) Stabilized IP-

weighted 10-year 

incidence proportion 

Crude HR (95% CI) Stabilized IP-

weighted HR (95% 

CI) 

SMR-weighted HR 

(95% CI) 

Aspirin treatment 

Major adverse cardiovascular events   

No aspirin 1,650 (149) 21.8% Reference Reference Reference 

Aspirin 2,474 (360) 21.3% 1.18 (0.98-1.43) 1.01 (0.82-1.25) 1.01 (0.80-1.28) 

Cardiovascular death 

No aspirin 1,650 (31) 6.5% Reference Reference Reference 

Aspirin 2,474 (110) 6.2% 1.81 (1.21-2.71) 1.18 (0.76-1.85) 1.07 (0.67-1.73) 

All-cause death 
    

No aspirin 1,650 (111) 16.6% Reference Reference Reference 

Aspirin 2,474 (250) 15.4% 1.10 (0.88-1.38) 0.96 (0.74-1.23) 0.99 (0.74-1.31) 

Hospitalization for bleeding    

No aspirin 1,650 (98) 12.2% Reference Reference Reference 

Aspirin 2,474 (187) 11.9% 0.97 (0.76-1.24) 0.95 (0.73-1.23) 0.91 (0.69-1.20) 

Statin treatment 

Major adverse cardiovascular events    

No statins  1,208 (177) 37.2% Reference Reference Reference 

Statins 2,916 (500) 24.6% 0.63 (0.53-0.75) 0.58 (0.48-0.70) 0.58 (0.47-0.71) 

Cardiovascular death 

No statins  1,208 (53) 11.2% Reference Reference Reference 

Statins 2,916 (81) 4.1% 0.36 (0.25-0.51) 0.30 (0.21-0.44) 0.30 (0.20-0.44) 

Myocardial Infarction 
    

No statins  1,208 (23) 6.2% Reference Reference Reference 

Statins 2,916 (69) 3.6% 0.65 (0.40-1.04) 0.61 (0.37-1.02) 0.63 (0.36-1.09) 

Ischemic stroke      
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No statins  1,208 (19) 3.6% Reference Reference Reference 

Statins 2,916 (87) 4.4% 1.05 (0.64-1.73) 0.95 (0.56-1.62) 0.96 (0.55-1.68) 

All-cause death      

No statins  1,208 (147) 31.7% Reference Reference Reference 

Statins 2,916 (394) 20.0% 0.58 (0.48-70) 0.53 (0.43-0.65) 0.54 (0.43-0.67) 
CI: confidence interval 

HR: hazard ratio 

IP: inverse probability 

SMR: standardized mortality ratio  
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FIGURE LEGENDS 

 

Figure 1. Patient selection. 

 

Figure 2. Ten-year inverse probability of treatment-weighted cumulative incidence of major 

adverse cardiovascular events and death by aspirin treatment and statin treatment. 
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