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Abstract

IMPORTANCE Antithrombotic treatment after myocardial infarction (MI) should be individualized
based on the patient’s risk of ischemic and bleeding events. Uncertainty remains regarding the
relative prognostic importance of the 2 types of events, and further study would be useful.

OBJECTIVES To compare the association of ischemic vs bleeding events with mortality in patients
with a recent MI and assess whether the relative mortality risk for the 2 types of events has changed
over the past 2 decades.

DESIGN, SETTING, AND PARTICIPANTS A cohort study based on nationwide registers in Sweden,
2012-2017, was conducted. Data were analyzed between July 2021 and May 2022. Patients with MI
who were discharged alive with antithrombotic therapy (antiplatelet therapy or oral anticoagulation)
were included in the analysis.

MAIN OUTCOMES AND MEASURES The incidence of a first ischemic event (hospitalization for MI
or ischemic stroke) or bleeding event (hospitalization with bleeding) up to 1 year after discharge and
the mortality risk up to 1 year after each type of event were assessed. Cox proportional hazards
regression models were used to estimate adjusted hazard ratios (aHRs) for 1-year mortality after an
ischemic and bleeding event vs no event, and after an ischemic vs bleeding event. Adjusted HRs for
mortality after ischemic vs bleeding events were compared among patients discharged in 1997-
2000, 2001-2011, and 2012-2017.

RESULTS Of 86 736 patients discharged after MI in 2012-2017 (median age, 71 [IQR, 62-80] years;
57 287 [66.0%] men), 4039 individuals experienced a first ischemic event (5.7 per 100 person-years)
and 3399 experienced a first bleeding event (4.8 per 100 person-years). The mortality rate was 46.2
per 100 person-years after an ischemic event and 27.1 per 100 person-years after a bleeding event.
The aHR for 1-year mortality vs no event was 4.16 (95% CI, 3.91-4.43) after an ischemic event and 3.43
(95% CI, 3.17-3.71) after a bleeding event. When the 2 types of events were compared, the aHR was
1.27 (95% CI, 1.15-1.40) for an ischemic vs bleeding event. There was no statistically significant
difference in the aHR of an ischemic vs bleeding event in 1997-2000, 2001-2011, and 2012-2017.

CONCLUSIONS AND RELEVANCE In this nationwide cohort study of patients with a recent MI,
postdischarge ischemic events were more common and associated with higher mortality risk
compared with bleeding events.
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Key Points
Question What is the association of an

ischemic event vs a bleeding event with

mortality among patients with

myocardial infarction (MI)?

Findings In this cohort study of 86 736

patients in Sweden with a recent MI.

Recurrent ischemic events were more

common and associated with higher risk

of 1-year mortality compared with

bleeding events.

Meaning The findings of this study

suggest that, although strategies to

individualize intensity and duration of

antithrombotic treatment after MI

typically assign similar weight to

bleeding and ischemic events, the

associated mortality risk may be higher

for ischemic events.
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Introduction

Antithrombotic treatment is used to reduce the risk of recurrent ischemic events in patients with
acute myocardial infarction (MI). Although most patients receive dual antiplatelet therapy (DAPT)
with aspirin and a P2Y12 inhibitor,1 treatment options for those with concomitant atrial fibrillation/
flutter or other indications for oral anticoagulation (OAC) include triple therapy with DAPT and OAC
or dual antithrombotic treatment with a single antiplatelet agent and OAC.2 The ischemic risk
reduction conferred by these treatments comes at the expense of an increased risk of bleeding.
European2 and US3 guidelines therefore recommend individualized antithrombotic therapy based on
the patient’s ischemic and bleeding risk.4-6 For example, the duration of DAPT can be prolonged7,8

for patients with high ischemic risk and without high bleeding risk, and DAPT can be shortened or
deescalated9,10 for those with a high bleeding risk and lower ischemic risk.11-13

Although the strategies to individualize antithrombotic treatment are based on calculations that
give equal weight to ischemic and bleeding events,14-16 uncertainty remains regarding the relative
importance of ischemic vs bleeding events among patients with a recent MI. Several studies have
assessed the mortality associated with recurrent MI and bleeding in patients with acute coronary
syndrome or undergoing percutaneous coronary intervention (PCI).17 However, most of these
studies were based on randomized clinical trials13,18-21 with uncertain generalizability to patients seen
in routine clinical practice, assessed events occurring beyond 1 year after PCI when DAPT has been
terminated for most patients,13 or compared the mortality risk associated with recurrent MI vs
bleeding, although ischemic stroke is an important ischemic event whose risk can be modified using
antithrombotic treatment.13 In addition, during the past decades, reperfusion therapy, improved
secondary prevention,22,23 and high-sensitivity cardiac troponins have been introduced; these
advances may limit the applicability of previous studies to contemporary clinical practice. Data on the
occurrence of and the mortality associated with ischemic and bleeding events may inform the
bleeding vs ischemic risk trade-off for treatments of patients with MI.

In this study, we used nationwide registers in Sweden to compare the association of ischemic vs
bleeding events with 1-year mortality in patients with a recent MI who received antithrombotic
therapy. We also examined how the association of an ischemic vs bleeding event with mortality had
changed over the past 2 decades.

Methods

Data Sources
In this cohort study, we used data from the Swedish Web-System for Enhancement and Development
of Evidence-Based Care in Heart Disease Evaluated According to Recommended Therapies
(SWEDEHEART),24 a national register including patients with acute MI admitted to a coronary care
unit or other specialized inpatient facilities in Sweden. We linked these data to the National Patient
Register (NPR)25 (data on comorbidities and study outcomes) and the Swedish Population
Registers26 (vital status and date of death); details regarding the data sources are provided in the
eMethods and eTable 1 in the Supplement. The study was approved by the ethics committee in
Stockholm, Sweden. No written informed consent was required because data were deidentified. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Study Population
We included all patients aged 18 years or older with acute MI (International Statistical Classification of
Diseases, 10th Revision [ICD-10] code I21) who were enrolled in the SWEDEHEART registry from
January 1, 1997, to December 31, 2017, and were discharged alive. For patients with multiple
admissions during the study period, 1 admission was randomly selected. We excluded patients
discharged without any antithrombotic treatment (aspirin, P2Y12 inhibitor, or oral anticoagulant) or
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with missing data on any of the covariates used in the primary analysis (eTable 1 in the Supplement);
in 2012-2017, 10 of 26 covariates had missing data, and the proportion missing per variable was less
than 0.1% (Figure 1; eTable 1 in the Supplement).

Definition of Ischemic and Bleeding Events
We considered ischemic events, defined as MI and ischemic stroke, and bleeding events occurring
within 365 days from discharge because the risk of events occurring during the first year after
discharge is typically used to guide treatment decisions.1-3 Myocardial infarction was defined as
hospitalization for MI registered in the SWEDEHEART registry (days 2-30 after discharge) or in the
NPR (days 31-365 after discharge) with ICD-10 code I21 as primary diagnosis. Events registered in
SWEDEHEART during the first 2 days after discharge and in the NPR during the first 30 days after
discharge were not considered to avoid including multiple entries of the index MI event. Ischemic
stroke (days 1-365 after discharge) was defined as hospitalization registered in the NPR with ICD-10
code I63 as the primary or secondary diagnosis (eTable 2 in the Supplement). Bleeding was defined
as hospitalization registered in the NPR with an ICD-10 code for bleeding (eTable 3 in the
Supplement) days 1 to 365 after discharge as primary or secondary diagnosis.27

For patients experiencing both an ischemic and bleeding event, only the first event was
considered. If both types of events occurred on the same day, only the ischemic event was
considered, because few patients experienced ischemic and bleeding events on the same day (159 of
4039 patients experiencing a first ischemic event in the primary analysis) and as we considered it
more likely that a bleeding event occurred immediately after an ischemic event (potentially due to
the treatment) than an ischemic event occurring immediately after a bleeding event.

Data Analysis
Patients were categorized based on their date of discharge into 3 time-periods that were selected to
broadly reflect different paradigms for treatment of patients with MI: 1997-2000 (before routine
PCI and DAPT were introduced), 2001-2011 (when routine PCI and DAPT were implemented) and
2012-2017 (contemporary practice with wide use of more potent P2Y12 inhibitors as part of
DAPT).22,23 In the primary analysis, only data from 2012-2017 were used. In the secondary analysis
assessing potential changes in the association of mortality with ischemic vs bleeding events, data
from all 3 time periods were used.

We described the cumulative incidence of ischemic and bleeding events in the first 365 days
after discharge from the index MI using Kaplan-Meier methods. Patients were followed up from

Figure 1. Patients Discharged After Myocardial Infarction (MI) Between January 1997 and December 2017

292 478 Patients admitted with acute MI

42 751 Patients
1997-2000

36 740 Included in analysis 86 736 Included in analysis150 392 Included in analysis

160 887 Patients
2001-2011

88 840 Patients

Primary analysis cohort
2012-2017

6011 Excluded
1136 Missing data on

antithrombotic therapy
3052 Discharged without

antithrombotic therapy
1823 Missing data on any variable

in the Cox proportional 
hazards model

10 495 Excluded
1250 Missing data on

antithrombotic therapy
6003 Discharged without

antithrombotic therapy
3242 Missing data on any variable

in the Cox proportional 
hazards model

2104 Excluded
82 Missing data on

antithrombotic therapy
1885 Discharged without

antithrombotic therapy
137 Missing data on any variable

in the Cox proportional 
hazards model

A total of 49 408 patients had more than 1 hospital admission for MI during the study period. For these patients, 1 admission was randomly selected. The primary analysis was
performed in the cohort discharged from January 1, 2012, to December 31, 2017.
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discharge until an ischemic or bleeding event, death, end of the study (December 31, 2017), or 365
days after discharge.

Primary Analyses
Two approaches were used to assess the association of ischemic and bleeding events with mortality.
First, we used a time-varying exposure definition in which each person-day of follow-up was
categorized into 1 of 3 mutually exclusive categories (after an ischemic event, after a bleeding event,
and no event); this method allows for patients to change exposure category during follow-up to
estimate risk of the outcome associated with each exposure category.28 We used Cox proportional
hazards regression models with all-cause death as the outcome to estimate crude hazards ratios
(HRs) and adjusted HRs (aHRs) for 1-year mortality associated with an ischemic and bleeding event
compared with no event. In this analysis patients were followed up from discharge after their index
MI to death, 730 days after discharge, 365 days after an ischemic or bleeding event, or end of the
study (December 31, 2017). Patients who experienced their first bleeding or ischemic event after 365
days from discharge were censored at the time of this event. The adjusted Cox proportional hazards
regression model was adjusted for sex, age, year of discharge, comorbidities (as measured at the
index MI), and discharge medications, including antithrombotic treatment (eTable 1 in the
Supplement).

Next, we restricted the analyses to patients experiencing an ischemic or bleeding event within
365 days after discharge from the index MI. Starting from the day of the ischemic or bleeding event,
patients were followed up until death, end of the study (December 31, 2017), or 365 days after the
event. We used Cox proportional hazards regression models to estimate crude HRs and aHRs for
1-year mortality associated with an ischemic event compared with a bleeding event. In addition to the
variables listed in eTable 1 in the Supplement, the adjusted model included a covariate for time from
discharge to the ischemic or bleeding event.

Secondary Analyses
To assess whether the risk of mortality after an ischemic vs bleeding event had changed across time
periods, data from all 3 periods (1997-2000, 2001-2011, and 2012-2017) were used. In each time
period, we calculated the crude HRs and aHRs of mortality for an ischemic vs bleeding event among
patients who experienced either type of event. We tested for differences in the HR by using an
interaction term between time period and ischemic vs bleeding event.

Sensitivity Analyses
One sensitivity analysis was performed to assess the potential association between additional
variables, including smoking status, hemoglobin level, and estimated glomerular filtration rate, and
the results. In this analysis, we included only patients with data available on the additional variables
and performed the primary analyses with and without adjustment for the additional variables. In a
post hoc sensitivity analysis, we categorized patients experiencing an ischemic event and a bleeding
event on the same day they were exposed to a bleeding event.

Post Hoc Analyses
Three post hoc analyses were performed: (1) the ischemic event definition was restricted to include
only recurrent MI, (2) separate analyses were performed for those discharged with OAC and without
OAC, and (3) potential differences in short-term mortality were assessed for the 2 types of events,
HRs were estimated for mortality within 30 days after an ischemic vs bleeding event.

Statistical Analysis
Hazard ratios are presented with 95% CIs. A significance level P < .05 was used and all tests were
2-sided. All statistical analyses were performed using Stata, version 15 (StataCorp LLC).
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Results

Study Population
Characteristics at the index MI of patients discharged in 2012-2017 (n = 86 736) are reported in
Table 1. Median age was 71 (IQR, 62-80) years, 29 449 (34.0%) were women, 57 287 (66.0%) were
men, and 29 291 (33.8%) presented with ST-elevation MI. Most patients received DAPT at discharge
(69 217 [79.8%]), with ticagrelor being the most common P2Y12 inhibitor (48 760 [56.2%]); 11 461
patients (13.2%) received single antiplatelet therapy, 9935 (11.5%) received an OAC, and 8157 (9.4%)
received either single or dual antiplatelet therapy combined with an OAC.

When assessing the characteristics of patients by their postdischarge event status (Table 1), we
noted that patients experiencing an ischemic or bleeding event compared with those who did not
experience any event were older (median age: ischemic, 79 years [IQR, 70-86] years; bleeding, 76
years [IQR, 68-83 years]; neither, 70 years [IQR, 62-79 years]), had more comorbidities, including
hypertension (ischemic, 3150 [78.0%]; bleeding 2290 [67.4%]; neither, 46 106 [58.1%]), previous MI
(ischemic, 1834 [45.4%]; bleeding, 842 [24.8%]; neither, 15 656 [19.7%), previous stroke (ischemic,
895 [22.2%]; bleeding, 499 [14.7%]; neither, 7476 [9.4%]), previous bleeding (ischemic, 386 [9.6%];
bleeding, 396 [11.7%]; neither, 4162 [5.3%]), were more often treated with OAC (ischemic, 601
[14.9%]; bleeding: 525 [15.4%]; neither, 8810 [11.1%]), and were less often treated with DAPT
(ischemic, 2847 [70.5%]; bleeding, 2613 [76.9%]; neither, 63 757 [80.4%]) and ticagrelor (ischemic,
1434 [35.5%]; bleeding, 1732 [51%] neither, 45 594 [57.5%]). Patients with ischemic events vs those
with bleeding events were older (median age, 79 [IQR, 70-86] years vs 76 [IQR, 68-83] years) and
had more cardiovascular risk factors, including hypertension (ischemic, 3150 [78.0%]; bleeding,
2290 [67.4%]), diabetes (ischemic, 1568 [38.1%]), bleeding (972 [28.6%]), previous MI (ischemic,
1834 [45.4%], bleeding, 842 [24.8%]), and previous stroke (ischemic, 895 [22.2%]; bleeding, 499
[14.7%]). while those with bleeding events vs ischemic events were more likely to have experienced a
previous bleeding event (396 [11.7%] vs 386 [9.6%]) and were more often treated with triple therapy
(217 [6.4%] vs 179 [4.4%]) and potent P2Y12 inhibitors (1767 [52%] vs 1456 [36%]).

Incidence of Ischemic and Bleeding Events
During 365 days after discharge from the index MI, 4039 patients experienced a first ischemic event
(incidence rate, 5.7 events per 100 person-years), and 3399 patients experienced a first bleeding
event (incidence rate, 4.8 events per 100 person-years) (Figure 2A). A total of 2863 of the ischemic
events were recurrent MI and 1176 were ischemic stroke. Bleeding events by type of bleeding are
reported in eTable 4 in the Supplement. The median time to the first ischemic event was 102 (IQR,
38-204) days and to the first bleeding event was 95 (IQR, 30-207) days among those experiencing
such events. During the first year after discharge from the index MI, 140 patients experiencing a first
ischemic event had a subsequent bleeding event and 142 of those experiencing a first bleeding event
had a subsequent ischemic event.

Primary Analyses
In the analyses comparing the risk of 1-year mortality after an ischemic event and bleeding event vs
no event, 9671 patients died during follow-up. Of these, 1292 patients died after a first ischemic
event (incidence rate, 46.2 deaths per 100 person-years), 715 died after a first bleeding event
(incidence rate, 27.1 deaths per 100 person-years), and 7664 died after no event (incidence rate, 6.2
deaths per 100 person-years). Compared with no event, both ischemic events (aHR, 4.16; 95% CI,
3.91-4.43) and bleeding events (aHR, 3.43; 95% CI, 3.17-3.71) were associated with an increased risk
of death (Table 2). In the analyses restricted to patients experiencing a first ischemic or bleeding
event, an ischemic event vs a bleeding event was associated with a higher risk of death (aHR, 1.27;
95% CI, 1.15-1.40) (Table 2 and Figure 2B).
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Table 1. Characteristics at Index MI of Patients Who Were Discharged Alive After an MI in Sweden in 2012-2017

Characteristic

Patients, No. (%)

All
(N = 86 736)

By event status during 365 d after discharge
Ischemic event
(n = 4039)

Bleeding event
(n = 3399)

No event
(n = 79 298)

Demographic

Age, median (IQR), ya 71 (62-80) 79 (70-86) 76 (68-83) 70 (62-79)

Sex

Female 29 449 (34.0) 1666 (42.2) 1093 (32.2) 26 690 (33.7)

Male 57 287 (66.0) 2373 (58.8) 2306 (67.8) 52 608 (66.3)

STEMI 29 291 (33.8) 879 (21.8) 1061 (31.2) 27 351 (34.5)

Medical history

Hypertension 51 546 (59.4) 3150 (78.0) 2290 (67.4) 46 106 (58.1)

Diabetes 21 030 (24.2) 1568 (38.8) 972 (28.6) 18 490 (23.3)

Smoking statusb,c

Never 34 408 (42.0) 1697 (46.5) 1276 (40.5) 31 435 (41.9)

Former 29 841 (36.4) 1391 (38.1) 1219 (38.7) 27 231 (36.3)

Active 17 631 (20.3) 559 (15.3) 657 (20.8) 16 415 (21.8)

Previous

MI 18 332 (21.1) 1834 (45.4) 842 (24.8) 15 656 (19.7)

PCI 12 387 (14.3) 1085 (26.9) 533 (15.7) 10 769 (13.6)

CABG 6094 (7.0) 678 (16.8) 270 (7.9) 5146 (6.5)

Stroke 8870 (10.2) 895 (22.2) 499 (14.7) 7476 (9.4)

Bleeding 4944 (5.7) 386 (9.6) 396 (11.7) 4162 (5.3)

Heart failure 8001 (9.2) 912 (22.6) 517 (15.2) 6572 (8.3)

Cancer 2963 (3.4) 238 (5.9) 244 (7.2) 2481 (3.1)

LEAD 4788 (5.5) 490 (12.1) 315 (9.3) 3983 (5.0)

COPD 6575 (7.6) 419 (10.4) 395 (11.6) 5761 (7.3)

Previous kidney failure 3931 (4.5) 508 (12.6) 311 (9.1) 3112 (3.9)

Invasive treatment in-hospital

Coronary angiography 73 190 (84.4) 2398 (59.4) 2680 (78.9) 68 112 (85.9)

PCI 59 802 (69.0) 1763 (43.6) 2232 (65.7) 55 807 (70.4)

CABG 4489 (5.2) 116 (2.9) 131 (3.9) 4242 (5.3)

Laboratory variable, median (IQR)b

Hemoglobin, g/dLa,d 13.9 (12.7-15.0) 13.1 (11.9-14.3) 13.3 (11.9-14.5) 14.0 (12.8-15.0)

Creatinine, mg/dLe 0.93 (0.78-1.12) 1.03 (0.83-1.37) 1.37 (0.80-1.27) 0.91 (0.77-1.11)

eGFR, mL/min 78 (59-91) 62 (43-81) 69 (49-86) 79 (60-91)

Discharge medication

Antithrombotic therapy

Aspirinf 80 772 (93.1) 3597 (89.1) 3111 (91.5) 74 298 (93.7)

Ticagrelorf 48 760 (56.2) 1434 (35.5) 1732 (51.0) 45 594 (57.9)

Clopidogrelf,g 23 682 (27.3) 1697 (42.0) 1040 (30.6) 20 944 (26.4)

Prasugrelf 890 (1.0) 22 (0.5) 35 (1.0) 833 (1.1)

Warfarin 7023 (8.1) 440 (10.9) 403 (11.9) 6180 (7.8)

NOACf 2912 (3.4) 161 (4.0) 122 (3.6) 2630 (3.3)

SAPT 11 461 (13.2) 770 (19.1) 479 (14.1) 10 212 (12.9)

DAPT 69 217 (79.8) 2847 (70.5) 2613 (76.9) 63 757 (80.4)

Dual (SAPT+APT) 4280 (4.9) 286 (7.1) 213 (6.3) 3709 (4.7)

Triple (DAPT+APT) 3877 (4.5) 179 (4.4) 217 (6.4) 3481 (4.4)

Other medication

β-blocker 76 369 (88.0) 3565 (88.3) 2951 (86.8) 69 853 (88.1)

Calcium channel blocker 15 555 (17.9) 1082 (26.8) 697 (20.5) 13 776 (17.4)

Digoxin 1143 (1.3) 124 (3.1) 84 (2.5) 1235 (1.6)

Diuretics 22 620 (26.1) 1882 (46.6) 1212 (35.7) 19 528 (24.6)

Statins 77 958 (89.9) 3275 (81.1) 2959 (87.1) 71 724 (90.4)

Abbreviations: APT, antiplatelet therapy; CABG,
coronary artery bypass grafting; COPD, chronic
obstructive pulmonary disease; DAPT, dual antiplatelet
therapy; eGFR, estimated glomerular filtration rate;
LEAD, lower extremity artery disease; MI, myocardial
infarction; NOAC, non–vitamin K antagonist oral
anticoagulant; PCI, percutaneous coronary
intervention; SAPT, single antiplatelet therapy; STEMI,
ST-segment elevation MI.

SI conversion: To convert creatinine to micromoles per
liter, multiply by 88.4; hemoglobin to grams per liter,
multiply by 10.
a Continuous variables: age, hemoglobin, and

creatinine were handled in restricted cubic splines in
the primary and sensitivity analyses.

b Smoking status and the laboratory variables were not
included in the Cox proportional hazards regression
models in the primary analyses and were used only in
a sensitivity analysis.

c Data available on 81 880 patients (94.4%).
d Data available on 81 878 patients (94.4%).
e Data available on 83 575 patients (96.4%).
f Not included in the Cox proportional hazards

regression.
g Ticlopidine was included in the clopidogrel group.
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Secondary Analysis
Characteristics of patients discharged in 1997-2000, 2001-2011, and 2012-2017 are reported in
eTable 5 in the Supplement. During 365 days after discharge, the incidence rates of first ischemic
events vs bleeding events were 11.6 events per 100 person-years vs 2.5 events per 100 person-years
for those discharged in 1997-2000, 9.6 events per 100 person-years vs 3.5 events per 100 person-
years for those discharged in 2001-2011, and 5.7 events per 100 person-years vs 4.8 events per 100
person-years for those discharged in 2012-2017. The aHRs for 1-year mortality after an ischemic vs
bleeding event were 1.17 (95% CI, 1.02-1.35) in 1997-2000, 1.18 (95% CI, 1.11-1.27) in 2001-2011, and
1.27 (95% CI, 1.15-1.40) in 2012-2017 (Table 3). There was no significant interaction between ischemic
vs bleeding event and time period (P values for interaction vs 1997-2000: P = .91 for 2001-2011 and
P = .65 for 2012-2017).

Sensitivity Analyses
Adjustment for smoking status, hemoglobin, and estimated glomerular filtration rate did not
significantly change the estimated mortality risks. Among the 77 293 patients (89.1% of the total
population included in the primary analyses) with data on these variables available, the aHR adjusted
for variables in eTable 1 in the Supplement for an ischemic event vs no event was 4.20 (95% CI, 3.92-
4.51) without and 4.15 (95% CI, 3.87-4.45) with adjustment for the additional variables. The
corresponding aHRs for a bleeding event vs no event were 3.63 (95% CI, 3.33-3.96) and 3.36 (95%
CI, 3.08-3.67). The aHRs for an ischemic vs bleeding event were 1.25 (95% CI, 1.12-1.39) without and

Figure 2. Incidence Rates of Ischemic and Bleeding Events and Mortality After Ischemic and Bleeding Events
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A, Incidence rates of ischemic and bleeding events during 365 days after discharge from the index myocardial infarction. B, Mortality after an ischemic event and bleeding event.

Table 2. Crude and Adjusted HRs for Death After an Ischemic Event and Bleeding Event Among Patients Discharged After an MI in 2012-2017

Variable No. (%) events

Events per
100 person-
years No. deaths

Deaths per
100 person-
years

HR (95% CI)

Event vs no event Ischemic event vs bleeding event

Crude Adjusteda Crude Adjusteda

No event NA NA 7664 6.2 1 [Reference] 1 [Reference] NA NA

Ischemic event 4039 (4.7) 5.7 1292 46.2 9.01 (8.48-9.58) 4.16 (3.91-4.43) 1.65 (1.51-1.82) 1.27 (1.15-1.40)

Bleeding event 3399 (3.9) 4.8 715 27.1 5.25 (4.86-5.68) 3.43 (3.17-3.71) 1 [Reference] 1 [Reference]

Abbreviations: HR, hazard ratio; NA, not applicable.
a Adjusted for age (restricted cubic splines), sex, year of discharge, ST-elevation

myocardial infarction, hypertension, diabetes, previous myocardial infarction, previous
percutaneous coronary intervention, previous coronary artery bypass grafting,
previous stroke, previous bleeding, previous heart failure, previous cancer, previous
lower extremity artery disease, chronic obstructive pulmonary disease, previous

kidney failure, coronary angiography, in-hospital percutaneous coronary intervention,
in-hospital coronary artery bypass grafting, antithrombotic treatment strategy at
discharge (single antiplatelet therapy, dual antiplatelet therapy, dual, and triple), and
discharge medication (β-blocker, calcium channel blocker, digoxin, diuretics,
and statins).
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1.28 (95% CI, 1.15-1.43) with adjustment for the additional variables (eTable 6 in the Supplement). In
analyses categorizing patients experiencing both an ischemic and a bleeding event on the same day
as exposed to a bleeding event, the findings were largely similar to those of the primary analyses
(eTable 7 in the Supplement).

Post hoc Analyses
In analyses restricting the ischemic event definition to recurrent MI, the difference in the mortality
risk associated with the 2 types of events was smaller than in the primary analysis (eTable 8 in the
Supplement). Findings were largely similar in the 2 subgroups by OAC status at discharge (eTable 9 in
the Supplement). The HR for 30-day mortality after an ischemic vs bleeding event was larger than
that for 1-year mortality (eTable 10 in the Supplement).

Discussion

In this register-based nationwide cohort study of patients in Sweden with a recent MI, recurrent
ischemic events were more common and associated with a higher 1-year mortality risk compared
with bleeding events. The relative mortality risk associated with an ischemic vs bleeding event had
not changed significantly over the past 2 decades.

In contrast to our findings, previous studies of patients with a recent MI or PCI have found
similar mortality risks associated with recurrent MI vs major bleeding event.17 In addition, in many of
these studies, the incidence of recurrent MI was lower or similar to that of bleeding events. There
are several potential explanations for the contrasting findings in our study vs previous studies. First,
we used a nationwide sample of patients seen in routine clinical practice, but previous studies were
predominantly performed using data from clinical trials with highly selected populations. In
comparison with previous studies, the population in our study had a higher risk of both ischemic and
bleeding events as well as mortality. Second, we included ischemic stroke in the definition of an
ischemic event because the risk of this outcome guides the choice of, and can be modified with,
antithrombotic treatment. All but 2 previous studies assessed only recurrent MI vs
bleeding.18,19,21,29-34 The 2 studies including ischemic stroke13,20 were based on randomized clinical
trials and 1 of the studies included only patients at low risk who were alive and free of ischemic and
bleeding events at 12 months after PCI (46% MI).7,13 Third, we included only ischemic and bleeding
events occurring after discharge from the MI because the risk of these events guides antithrombotic
therapy; some previous studies19,30,35 have also included events during in-hospital stay for the initial
MI or PCI. Taken together, by using nationwide registers to include more than 85 000 patients with
MI seen in routine clinical practice with almost complete follow-up regarding hospitalizations and

Table 3. Incidence Rates of Ischemic and Bleeding Events and Adjusted HRs for Death After an Ischemic vs
Bleeding Event in 3 Time Periods From 1997-2017

Time period

Events per 100 person-years Deaths per 100 person-years
Death after ischemic vs
bleeding event, adjusted
HR (95% CI)aIschemic Bleeding

After ischemic
event

After
bleeding
event

1997-2000 11.6 2.5 52.3 39.5 1.17 (1.02-1.35)

2001-2011 9.6 3.5 49.5 31.8 1.18 (1.11-1.27)

2012-2017 5.7 4.8 46.2 27.1 1.27 (1.15-1.40)

Abbreviation: HR, hazard ratio.
a Adjusted for age (restricted cubic splines), sex, year of discharge, ST-elevation myocardial infarction, hypertension,

diabetes, previous myocardial infarction, previous percutaneous coronary intervention, previous coronary artery bypass
grafting, previous stroke, previous bleeding, previous heart failure, previous cancer, previous lower extremity artery
disease, chronic obstructive pulmonary disease, previous kidney failure, coronary angiography, in-hospital percutaneous
coronary intervention, in-hospital coronary artery bypass grafting, antithrombotic treatment strategy at discharge
(single antiplatelet therapy, dual antiplatelet therapy, dual, and triple) and discharge medication (β-blocker, calcium
blocker, digoxin, diuretics, and statins).
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death, our study adds to the knowledge regarding the relative incidence of and mortality risk
associated with ischemic vs bleeding events.

The mortality risk associated with a bleeding event varies substantially depending on the
definition of such events.36 The bleeding definition used in our study included any bleeding that led
to or occurred during rehospitalization; as such, the definition was broad and included both minor
and major bleedings. Although it is likely that the mortality risk associated with a bleeding event
would be higher in analyses restricted to severe bleedings, such an outcome definition would also
lead to a lower incidence rate of bleeding. Despite the use of a broad bleeding outcome, we found
that the incidence of recurrent ischemic events was approximately 20% higher than that of
bleeding events.

When using risk-based strategies for guiding treatment decisions, it is necessary to not only
consider the relative mortality risks but also account for the incidence of the events of interest. It may
be best to guide clinical decisions by the absolute risk increase or reduction conferred by the
treatment, and this estimate depends on the incidence of the event, the relative risk of the event
associated with the treatment and, potentially, the association of the event with death. One way of
approximating the importance of an exposure while accounting for both how common it is and its
association with mortality is to calculate the population-attributable fraction.37 Using the aHR and
incidence rates in our study population, the population-attributable fraction was 10.1% for ischemic
events and 5.2% for bleeding events, indicating that ischemic events might have a larger total
influence on mortality in the population. In addition, we defined ischemic and bleeding events based
on diagnoses registered during hospitalizations. Given that deaths due to recurrent ischemic events
that occur without earlier hospitalization (eg, at home or at nursing facilities) are likely to be more
common than such deaths from bleeding events, it is possible that our study has underestimated the
relative risk of death associated with an ischemic vs bleeding event.

Because data from more than a decade ago, before broad use of potent P2Y12
inhibitors19,30-33,35,38 and PCI19,30,31 may not be generalizable to contemporary practice, we assessed
whether the association of ischemic vs bleeding events with mortality had changed during the past
2 decades. In accordance with a recent meta-analysis of 16 trials from 2008 to 2020,17 we found no
significant interaction between time period and type of event with respect to the association with
mortality risk. However, as has been described in previous studies,22,23,39 the rates of ischemic
events in 2012-2017 were less than half of those in 1997-2000 and the rates of bleeding events had
nearly doubled. Based on the data in our study, the population-attributable fraction for ischemic
events had decreased from 16.5% to 10.1% and increased for bleeding events from 2.8% to 5.2%
during the study period.

Limitations
This study has limitations. First, because ischemic and bleeding events are not interventions, it is not
possible to define a causal effect of these exposures on mortality40; as in previous studies, the
estimates from our analyses should be considered as theoretical estimations of the relative
importance of ischemic vs bleeding events with respect to mortality risk. Second, although we
adjusted our analyses for many covariates, the possibility of confounding due to unmeasured patient
characteristics affecting both the risk of ischemic vs bleeding events and mortality cannot be ruled
out. Third, although validation studies in Swedish registers have shown high positive predictive
values for cardiovascular and bleeding events,25,27 misclassification and underreporting of events
might have introduced bias in our analyses. Fourth, we only assessed and compared the risk of
mortality associated with ischemic and bleeding events although these events may also be
differentially associated with reductions in quality of life and long-term comorbidity.
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Conclusions

In this nationwide study of patients with a recent MI, we assessed the association of postdischarge
ischemic events and bleeding events with mortality. We found that ischemic events were more
common and associated with higher mortality risk as compared with bleeding events.
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