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Abstract

Background and 
Aims

Despite the implementation of clinical risk algorithms based on traditional risk factors, the global burden of atherosclerotic 
cardiovascular disease has continued to rise over the past decades. There are few real-world data on prevalence of both 
symptoms and risk factors prior to myocardial infarction (MI). This study aimed to investigate the prevalence of documented 
coronary artery disease risk factors, documented symptoms, physician visits, and preventive therapy uptake prior to first MI.

Methods In this retrospective cohort study, US patients ≥18 years with a first MI [International Classification of Diseases, 10th 
Revision (ICD-10) definition] between 1 January 2017 and 30 September 2022 were included from the Clarivate Real- 
World Data Product that links electronic health records, medical claims, and pharmacy claims from 98% of government 
and commercial health insurance plans in the US. Prevalence of previously ICD-10 documented cardiac symptoms and 
standard modifiable risk factors (SMuRFs), physician visits, and use of preventive medical therapy were assessed prior to MI.

Results The study identified 4 657 412 patients with a first MI (2017–2022), with a median age of 70 years; 42.3% were women. Prior 
to MI, 50.5% of patients had no documented symptoms, 18.0% had no SMuRFs, 22.2% did not have documented physician 
visits, and 63.4% were not prescribed any preventive therapy. Individuals ≤60 years and men were less likely to have docu
mented symptoms and SMuRFs, had lower frequency of primary care physician visits, used less preventive therapy, and had 
more frequent occurrence of ST-elevation MI than individuals >60 years and women, respectively.

Conclusions In a large real-world dataset, half of the patients with first MI did not have documented antecedent symptoms, and approxi
mately 1 in 5 had no previously identified SMuRFs. The majority of those who visited a physician prior to the MI with iden
tified SMuRFs and symptoms were not using any preventive medical therapy. These findings highlight an urgent unmet need 
for improved tools to identify patients at risk of MI who may benefit from preventive therapy.
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Structured Graphical Abstract

What is the prevalence of coronary artery disease risk factors, symptoms, physician visits, and use of preventive therapy prior to a 
primary myocardial infarction?

In 4 657 412 US patients with a first myocardial infarction, half had no prior identified symptoms, approximately 1 in 5 did not have any 
identified risk factors, while a large majority (63%) was not on any preventive therapy.

There is an unmet need for improvement of identification and adequate treatment of those at risk for myocardial infarction. These data 
demonstrate the urgency to shift the primarily symptom-based approach in present clinical practice to a prevention-based approach. 
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Introduction
Annually, more than 20 million people worldwide die from cardiovas
cular disease, representing an increase of 60% over 30 years, of which 
the majority is caused by atherosclerotic cardiovascular disease 
(ASCVD).1 Given the rise in behavioural risk factors such as obesity 
and physical inactivity, without intervention, the number of cardiovas
cular deaths is expected to continue increasing in the next decades.1

The current population-based strategy for primary prevention of 
ASCVD uses clinical risk algorithms to estimate ASCVD risk followed 
by risk factor modification.2,3 These clinical risk scores—including the 
Pooled Cohort Equations, Systematic Coronary Risk Evaluation 2 system, 
and the Framingham risk score2,4,5—are based on traditional cardiovascu
lar risk factors such as age, sex, smoking, hypertension, and plasma choles
terol levels. Adding to observations from cohort studies showing limited 
discriminatory value and accuracy of these algorithms for predicting future 

events, the real-world use and benefit of these algorithms are further ques
tioned by the observed rise in ASCVD incidence in recent years.

Adding to a foundation of statin and ezetimibe therapy, novel med
ications such as monoclonal antibody proprotein convertase subtilisin/ 
kexin type 9 inhibitors and inclisiran,6 icosapent ethyl,7 sodium-glucose 
cotransporter 2 inhibitors,8 glucagon-like peptide-1 receptor agonists,9

bempedoic acid,10 and low-dose rivaroxaban11 have provided physi
cians ample tools to treat patients across the full spectrum of risk 
and reduce residual risk. In an era of this broad pharmacological arma
mentarium of risk-lowering therapies, effective and timely identification 
of patients at the highest ASCVD risk events poses one of the key chal
lenges in current ASCVD prevention.

To date, there are few real-world data on prevalence of identified risk 
factors and symptoms prior to myocardial infarction (MI). Whether con
ventional clinical risk scoring followed by risk factor modification, as is the 
current standard of care, effectively identifies at-risk individuals prior to 

First myocardial infarction: risk factors, symptoms, and medical therapy                                                                                                           3763
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/46/38/3762/8181058 by guest on 29 June 2026



first MI has not been sufficiently explored in real-world practice. It is un
known whether individuals with risk factors or symptoms undergo timely 
ASCVD risk stratification and whether they receive adequate therapy to 
prevent the occurrence of ASCVD events such as MI. The aim of the cur
rent study was to assess the prevalence of symptoms, risk factors, phys
ician visits, and preventive medication use in a large, combined database 
consisting of electronic health records (EHR) and medical claims from 5 
million US patients with a first MI.

Methods
Study design, data sources, and population
In this real-world retrospective cohort study, data were obtained from the 
Clarivate Real-World Data Product (Clarivate RWD) that links EHR, med
ical claims, and pharmacy claims covering approximately 98% of govern
ment and commercial health insurance plans in the United States and 
covers >300 million lives in total.12–14 EHR data were sourced directly 
from providers and linked to open claims data from transactional clearing 
houses by a Health Insurance Portability and Accountability 
Act-compliant encrypted patient key generated by a third party. The as
signed patient key allowed for longitudinal tracking of patients across 
time and all data sources, providing information on patient demographic, 
geographic location, diagnoses and comorbidities, clinical tests, and thera
peutic interventions.

We included patients ≥18 years who suffered a first MI according to 
International Classification of Diseases, 10th Revision (ICD-10) codes 
(eTable 1) between 1 January 2017 and 30 September 2022. A total of 5  
068 740 patients with at least one MI claim were identified (see 
Supplementary data online, Figure S1). Patients with a prior MI, defined as 
a previous ICD-10 coded MI starting from 1 January 2016, or a ICD-9 coded 
MI (see Supplementary data online, Table S1) between 1 January 2014 and 
31 December 2015, were excluded from the analysis.

Definition of exposures and outcomes: 
myocardial infarction, risk factors, symptoms, 
and medical therapy
Myocardial infarctions were categorized as either a ST-elevation MI (STEMI) 
or non-ST-elevation MI according to the ICD-10 definition (see 
Supplementary data online, Table S1). Previous validation studies have 
shown high accuracy of ICD-10 for identifying patients with MI.15,16

The prevalence of standard modifiable coronary artery disease risk fac
tors, symptoms, physician visits, and preventive medical therapy were as
sessed at 6 months prior to MI. Standard modifiable risk factors 
(SMuRFs) were defined as dyslipidaemia, hypertension, smoking, family his
tory of MI, diabetes (type 1, 2, or gestational), obesity, and alcohol abuse 
according to ICD-10 codes. The ICD-10 codes used are shown in 
Supplementary data online, Table S2. The ICD-10 coded list of possible car
diac symptoms included chest, arm, back, shoulder or jaw pain, arrhythmias, 
dyspnoea, dyspepsia, fatigue, and dizziness, is shown in Supplementary data 
online, Table S3. Prior analyses have demonstrated the utility of ICD-10 
codes from claims databases for symptom identification.17,18 Visits to pri
mary care physicians (PCP) and cardiologists were determined according 
to medical claims of visits to a PCP and cardiologists, respectively. The 
use of preventive medical therapy was determined using the pharmacy 
claims; only paid claims during the study period were included in the ana
lysis. The preventive medical therapy definition included drugs for lipid low
ering, blood pressure lowering, glycaemic control, and antithrombotic 
therapy (see Supplementary data online, Table S4).

Statistical analysis
Data are presented as median (Q1–Q3). Categorical variables are ex
pressed as absolute numbers and percentages. Independent sample t-tests 

and chi-squared tests were used where appropriate. Descriptive data were 
stratified according to age and sex. When stratified by sex, patients with un
known sex (0.04%) were excluded from the analysis. Unadjusted and ad
justed logistic regression models were used to assess the relationship 
between demographics (age, sex, and geographic origin; independent vari
ables) and presence of documented symptoms, SMuRFs, physician visits, 
use of preventive medical therapy and STEMI (dependent variable). In 
case of unknown sex, patients were considered male in the logistic regres
sion models. All statistical analyses were performed using Python (version 
3.10) and RStudio (version 4.3.2).

Results
Patient population
The study identified 4 657 412 patients with a first MI after exclusion of 
411 328 patients with prior MI (see Supplementary data online, 
Figure S1; Table 1). Included patients had a median age of 70 (60–80) 
years, and 1 968 081 (42.3%) were women. The majority of patients 
were from an urban environment [3 859 869 (82.9%)]. A total of 
164 611 (3.5%) patients underwent prior revascularization. In the 
majority of patients (3 020 340; 64.9%), MI was non-ST elevation, while 
1 637 072 (35.1%) patients experienced an STEMI.

Prevalence of documented symptoms and 
risk factors, medication use, and physician 
visits
The majority of patients (3 817 522; 82.0%) had at least one or more 
documented SMuRFs (Table 1). Half of the included patients had no 
documented symptoms prior to their MI [2 352 898 (50.5%)]. The 
most frequently observed SMuRFs were dyslipidemia (2 969 073; 
63.7%), type 2 diabetes (1 934 636; 41.5%), obesity (1 344 724; 
28.9%), and hypertension (1 241 403; 26.7%). Preventive medical ther
apy was used in 1 702 364 (36.6%) patients; mostly statins (1 008 909; 
21.7%), beta blockers (923 696; 19.8%), diuretics (730 090; 15.7%), 
ACE inhibitors (698 444; 15.0%), and calcium channel blockers 
(624 937; 13.4%), while 624 159 (13.4%) patients used glucose- 
lowering medication. Before occurrence of the MI, a total of 3 622  
711 (77.8%) patients had visited their physician: 3 550 594 (76.2%) pa
tients had visited their PCP, while a minority had a documented visit to 
a cardiologist (1 750 785; 37.6%).

Of the patients with documented SMuRFs, 2 138 518 (56.0%) also 
had documented symptoms (Figure 1). A majority of the patients 
who visited a physician prior to their MI and had documented 
SMuRFs present did not use any cardiovascular drugs [1 823 598 
(56.0%); Figure 1]. Moreover, of those who visited a physician (PCP 
and/or cardiologist) with documented symptoms, a majority did not 
use any cardiovascular drugs [1 191 540 (53.2%); Figure 1]. Of the pa
tients with both documented symptoms and SMuRFs and a physician 
visit prior to their MI, 1 091 749 (52.2%) patients did not use any car
diovascular drugs (Figure 1).

Prevalence of risk factors, symptoms, 
physician visits, and myocardial infarction 
type in older vs younger patients
A total of 1 187 306 (25.5%) patients were aged 60 years or younger, 
with a median age of 53 (47–57) years (Table 2). Patients older than 
60 years (3 470 106; 74.5%) had a median age of 75 (68–83) years. 
Individuals aged older than 60 years were more likely to have 
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documented symptoms: 1 812 039 (52.2%) vs 492 475 (41.5%) in pa
tients younger than 60 years [adjusted OR 1.196 (95% CI 1.194– 
1.197) per 10-year increase in age; P < .001; Table 3]. Compared with 
younger patients, patients older than 60 years were more likely to 
have documented SMuRFs [2 916 608 (84.1%) vs 900 914 (75.9%); ad
justed OR 1.208 (95% CI 1.206–1.210) per 10-year increase in age]. 
Furthermore, older patients were more likely to have visited a physician 
prior to their MI [2 822 257 (81.3%) vs 800 454 (67.4%); adjusted OR 
1.341 (95% CI 1.339–1.344) per 10-year increase in age; P < .001]. 
Older patients were more likely to have used preventive medical ther
apy: 1 343 956 (38.7%) did use preventive therapy prior to the MI vs 
358 408 (30.2%) younger patients [adjusted OR 1.151 (1.149–1.153) 
per 10-year increase in age; P < .001]. Finally, older patients were less 
likely to experience a STEMI [1 132 637 (32.6%)] than the younger pa
tients, of whom 504 435 (42.5%) had a STEMI [adjusted OR 0.836 (95% 
CI 0.835–0.838) per 10-year increase in age; P < .001].

Prevalence of risk factors, symptoms, 
physician visits, and myocardial infarction 
type in men compared with women
Men comprised 57.7% of the study population and were slightly young
er than women: 68 (59–78) vs 73 (62–83) years (mean age 67.4 vs 70.7 
years), respectively (Table 2). Men were less likely to have documented 
symptoms than women [1 207 873 (44.9%) vs 1 096 604 (55.7%); ad
justed OR 0.668 (95% CI 0.665–0.670); P < .001; Table 3]. Men were 
less likely to have visited a physician prior to the MI than women 
[1 998 047 (74.3%) vs 1 624 562 (82.5%); adjusted OR 0.654 (95% CI 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Patient characteristics

Characteristic Overall (n = 4 657 412)

Age at MI, years 70 (60–80)

Sex

Male 2 687 600 (57.7%)

Female 1 968 081 (42.3%)

Unknown 1731 (0.0%)

Documented SMuRFs

One or more SMuRFs 3 817 522 (82.0%)

Dyslipidaemia 2 969 073 (63.7%)

Type 2 diabetes 1 934 636 (41.5%)

Obesity 1 344 724 (28.9%)

Hypertension 1 241 403 (26.7%)

Nicotine dependence 899 259 (19.3%)

Family history of CAD 390 259 (8.4%)

Alcohol abuse 254 199 (5.5%)

Type 1 diabetes 230 169 (4.9%)

Gestational diabetes 3444 (0.1%)

Documented symptoms

Yes 2 304 514 (49.5%)

No 2 352 898 (50.5%)

Use of preventive medical therapy

One or more drugs 1 702 364 (36.6%)

Statins 1 008 909 (21.7%)

Beta blockers 923 696 (19.8%)

Diuretics 730 090 (15.7%)

ACE inhibitors 698 444 (15.0%)

Calcium channel blockers 624 937 (13.4%)

Antihyperglycaemics 624 159 (13.4%)

Antiplatelet drugs 448 391 (9.6%)

Angiotensin II receptor blockers 438 341 (9.4%)

Oral anticoagulants 291 006 (6.2%)

Nitrates 283 931 (6.1%)

Vasodilators 119 362 (2.6%)

Ezetimibe 55 504 (1.2%)

Other lipid-lowering drugs 26 796 (0.6%)

PCSK9 inhibitors 10 403 (0.2%)

Visit to physician prior to MI

Yes 3 622 711 (77.8%)

No 1 034 701 (22.2%)

Visit to PCP before MI

Yes 3 550 594 (76.2%)

Continued

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued

Characteristic Overall (n = 4 657 412)

No 1 106 818 (23.8%)

Visit to cardiologist before MI

Yes 1 750 785 (37.6%)

No 2 906 627 (62.4%)

Type of MI

STEMI 1 637 072 (35.1%)

NSTEMI 3 020 340 (64.9%)

Previous revascularization

Any 164 611 (3.5%)

PCI 130 462 (2.8%)

CABG 32 397 (0.7%)

Unspecified 14 760 (0.3%)

Geographic area

Urban 3 859 869 (82.9%)

Rural 770 626 (16.5%)

Other 26 917 (0.5%)

Median (Q1–Q3). ACE, angiotensin-converting enzyme; CABG, coronary artery bypass 
grafting; CAD, coronary artery disease; PCI, percutaneous coronary intervention; PCP, 
primary care physician; PCSK9, proprotein convertase subtilisin-kexin type 9; MI, 
myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; SMuRF, 
standard modifiable risk factor; STEMI, ST-elevation myocardial infarction.
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0.651–0.657); P < .001]. The number of men with documented SMuRFs 
[2 184 552 (81.3%)] was also lower than the number of women [1 632  
486 (82.9%)] with documented SMuRFs [adjusted OR 0.933 (95% CI 
0.929–0.938); P < .001], and men were less likely to use preventive 
medical therapy prior to MI [918 347 (34.2%)] compared with women 
[784 016 (39.8%); adjusted OR 0.809 (95% CI 0.806–0.812); P < .001]. 
With respect to type of MI, 1 019 000 (37.9%) men experienced a 
STEMI, which was more frequent compared with the 617 493 
(31.4%) women who had a documented STEMI [adjusted OR 1.266 
(95% CI 1.261–1.271); P < .001].

Discussion
Leveraging data from 4 657 412 patients, we show that half of patients 
did not experience any antecedent symptoms prior to a first MI. 
Furthermore, an important proportion of patients did not visit any 
physician while the majority were not prescribed any preventive ther
apy prior to the event. The number of patients not visiting a physician or 
receiving preventive therapy was higher in asymptomatic and younger 
patients. Collectively, these data illustrate the urgent unmet need for 
improved tools to identify patients at risk of MI who may benefit 
from preventive therapy (Structured Graphical Abstract).

To our knowledge, this is the largest study reporting on the preva
lence of cardiac symptoms prior to MI to date. We observed that es
pecially young patients more often lacked identified SMuRFs and that 
a significant part of these patients did not have a documented visit to 

any physician prior to the MI occurrence during the study period. 
The notion that half of patients did not have any documented symp
toms in conjunction with the frequent absence of physician visits prior 
to their MI—thus absence of a potential opportunity for cardiovascular 
risk assessment and management—underscores the need to shift the 
medical practice paradigm more effectively from a symptom-based ap
proach to a prevention-based approach. The current approach also dis
proportionally impacts younger individuals at risk for MI, as our data 
showed that they have less SMuRFs, are more likely to lack symptoms 
and thus are relatively undertreated. In order to effectively reduce the 
cardiovascular disease burden in the young and asymptomatic patients 
not presenting at the outpatient clinic prior to an event, a different pre
ventive screening approach may be needed.

Risk factors underpinning current clinical algorithms, including standard 
modifiable components of smoking, hypertension, diabetes, and hyper
cholesterolaemia (SMuRFs) have long been identified in large population 
studies to associate with incidence of ASCVD; therefore, guidelines have 
recommended routine risk stratification.2,3,19 Despite the fact that 4 out 
of 5 MI patients had at least one risk factor, the burden of cardiovascular 
events as illustrated by more than 5 million MIs observed in the study per
iod of almost 6 years remains high, in line with the previously reported an
nual US incidence of ∼805 000 MIs.20 This is not surprising, given less than 
half of the SMuRF-positive patients with MI were treated with preventive 
medication in the current study, aligned with prior data on statin prescrip
tion prior to MI.21 Even in patients with both documented SMuRFs and 
cardiac symptoms at a physician visit, the majority did not receive prevent
ive medical therapy. Additionally, the 18% of the patients experiencing MI 

Figure 1 Association between documented risk factors, documented symptoms, physician visits, and use of cardiovascular drugs. Venn diagram of 
documented risk factors, symptoms, physician visits, and use of cardiovascular drugs prior to myocardial infarction
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Table 2 Differences in patient characteristics, symptoms, risk factors, preventive therapy, and myocardial infarction 
type according to age and sex

Characteristic Age Sex

≤60 years 
n = 1 187 306

>60 years 
n = 3 470 106

Female 
n = 1 968 081

Male 
n = 2 687 600

Age at MI, years 53 (47–57) 75 (68–83) 73 (62–83) 68 (59–78)

Sex

Male 768 515 (64.7%) 1 919 085 (55.3%)

Female 418 298 (35.2%) 1 549 783 (44.7%)

Unknown 493 (0.0%) 1238 (0.0%)

Documented symptoms

Yes 492 475 (41.5%) 1 812 039 (52.2%) 1 096 604 (55.7%) 1 207 873 (44.9%)

No 694 831 (58.5%) 1 658 067 (47.8%) 871 477 (44.3%) 1 479 727 (55.1%)

Documented SMuRFs

One or more SMuRFs 900 914 (75.9%) 2 916 608 (84.1%) 1 632 486 (82.9%) 2 184 552 (81.3%)

Dyslipidaemia 578 682 (48.7%) 2 390 391 (68.9%) 1 274 236 (64.7%) 1 694 600 (63.1%)

Type 2 diabetes 393 136 (33.1%) 1 541 500 (44.4%) 835 409 (42.4%) 1 098 994 (40.9%)

Obesity 387 112 (32.6%) 957 612 (27.6%) 622 084 (31.6%) 722 572 (26.9%)

Hypertension 189 526 (16.0%) 1 051 877 (30.3%) 559 711 (28.4%) 681 590 (25.4%)

Nicotine dependence 365 015 (30.7%) 534 244 (15.4%) 347 766 (17.7%) 551 440 (20.5%)

Family history of CAD 110 256 (9.3%) 279 803 (8.1%) 173 295 (8.8%) 216 748 (8.1%)

Alcohol abuse 103 705 (8.7%) 150 494 (4.3%) 63 432 (3.2%) 190 752 (7.1%)

Type 1 diabetes 63 346 (5.3%) 166 823 (4.8%) 108 137 (5.5%) 122 023 (4.5%)

Gestational diabetes 3310 (0.3%) 134 (0.0%)

Use of preventive medical therapy

One or more drugs 358 408 (30.2%) 1 343 956 (38.7%) 784 016 (39.8%) 918 347 (34.2%)

Statins 189 821 (16%) 819 088 (23.6%) 450 847 (22.9%) 558 061 (20.8%)

Beta blockers 173 396 (14.6%) 750 300 (21.6%) 429 646 (21.8%) 494 049 (18.4%)

ACE inhibitors 163 734 (13.8%) 534 710 (15.4%) 302 336 (15.4%) 396 108 (14.7%)

Antihyperglycaemics 138 833 (11.7%) 485 326 (14.0%) 282 518 (14.4%) 341 641 (12.7%)

Diuretics 130 195 (11%) 599 895 (17.3%) 374 228 (19%) 355 862 (13.2%)

Calcium channel blockers 115 103 (9.7%) 509 834 (14.7%) 308 502 (15.7%) 316 434 (11.8%)

Antiplatelet drugs 93 519 (7.9%) 354 872 (10.2%) 188 854 (9.6%) 259 537 (9.7%)

Angiotensin II receptor blockers 74 162 (6.2%) 364 179 (10.5%) 223 150 (11.3%) 215 191 (8.0%)

Nitrates 48 209 (4.1%) 235 722 (6.8%) 120 256 (6.1%) 163 675 (6.1%)

Oral anticoagulants 37 587 (3.2%) 253 419 (7.3%) 131 570 (6.7%) 159 436 (5.9%)

Vasodilators 24 727 (2.1%) 94 635 (2.7%) 58 753 (3%) 60 609 (2.3%)

Ezetimibe 8114 (0.7%) 47 390 (1.4%) 26 226 (1.3%) 29 278 (1.1%)

Other lipid-lowering drugs 4437 (0.4%) 22 359 (0.6%) 13 951 (0.7%) 12 845 (0.5%)

PCSK9 inhibitors 1454 (0.1%) 8949 (0.3%) 4788 (0.2%) 5615 (0.2%)

Visit to physician prior to MI

Yes 800 454 (67.4%) 2 822 257 (81.3%) 1 624 562 (82.5%) 1 998 047 (74.3%)

No 386 852 (32.6%) 647 849 (18.7%) 343 519 (17.5%) 689 553 (25.7%)

Continued
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lacking any documented SMuRFs—a proportion similar to reports from 
previous large registries and studies investigating the prevalence of cardio
vascular risk factors22–27—would not be identified by a risk factor-based 
approach at all. Combined, these findings demonstrate the limitations of 
a preventive approach based on risk factors, which are associated with car
diovascular events on a population level but lack discriminatory power to 
identify individuals at the highest risk for imminent ASCVD.28,29 The inabil
ity to accurately detect high-risk atherosclerosis in current clinical practice 
is highlighted further by the many patients who experience out-of-hospital 
sudden cardiac death as their first and often final cardiovascular event, who 
were not included in the current study.30

We observed significant differences between women and men. 
Women were more likely to visit a PCP before the event, received 
more preventive therapy, and were less likely to experience STEMI 
compared with men. Interestingly, the proportion of women in the cur
rent analysis restricted to patients with MI was 42%, significantly higher 
than previous reports describing a proportion of women between 29% 
and 32% among patients with acute MI.31–33 Additionally, we found that 
women were approximately 3 years older when experiencing a first MI 
and were more likely to experience symptoms prior to MI than men, 
which has been shown previously in smaller studies,32,34,35 although we 
did not investigate differences in symptom types. Importantly, the 3-year 
mean age gap is also lower than described in prior studies, which have re
ported an age difference between men and women up to 10 years at time 
of MI.31–33 The prior studies included patients from 1977 to 2010, implying 

that the proportion of women experiencing MI may have increased rela
tively in the last decades in comparison to men.

This study demonstrates the unmet need for improved patient iden
tification and risk stratification in current clinical practice. Multiple tech
niques capturing risk on different levels on the pathway towards 
clinically overt ASCVD hold potential to improve identification of high- 
risk patients. Several studies have shown value of genetic risk markers, 
such as next-generation polygenic risk scores,36 but also novel plasma 
lipids and biomarkers such as lipoprotein(a) and plasma omics.37,38

Moving beyond risk stratification with risk factors and biomarkers to as
sessment of the actual phenotype of the atherosclerotic disease, imaging 
methods such as non-contrast computed tomography to measure cor
onary artery calcium and coronary computed tomography angiography 
hold major potential to improve screening for individuals at high risk 
for ASCVD.39 Nevertheless, these approaches have not been rigorously 
tested for application in clinical practice to date. Randomized clinical trials 
prospectively investigating the use of a screening-based approach to pre
vent ASCVD are needed to investigate the efficacy of such approaches in 
terms of event reductions and cost-effectiveness and such trials have re
cently commenced (NCT06112418).

Limitations
This study had certain limitations. First, the patient population was lim
ited to the United States, which potentially limits the generalizability to 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 2 Continued

Characteristic Age Sex

≤60 years 
n = 1 187 306

>60 years 
n = 3 470 106

Female 
n = 1 968 081

Male 
n = 2 687 600

Visit to PCP before MI

Yes 781 389 (65.8%) 2 769 205 (79.8%) 1 600 817 (81.3%) 1 949 693 (72.5%)

No 405 917 (34.2%) 700 901 (20.2%) 367 264 (18.7%) 737 907 (27.5%)

Visit to cardiologist before MI

Yes 322 512 (27.2%) 1 428 273 (41.2%) 784 305 (39.9%) 966 444 (36%)

No 864 794 (72.8%) 2 041 833 (58.8%) 1 183 776 (60.1%) 1 721 156 (64%)

Type of MI

STEMI 504 435 (42.5%) 1 132 637 (32.6%) 617 493 (31.4%) 1 019 000 (37.9%)

NSTEMI 682 871 (57.5%) 2 337 469 (67.4%) 1 350 588 (68.6%) 1 668 600 (62.1%)

Previous revascularization

Any 31 158 (2.6%) 133 453 (3.8%) 53 845 (2.7%) 110 763 (4.1%)

PCI 24 729 (2.1%) 105 733 (3.0%) 44 563 (2.3%) 85 897 (3.2%)

CABG 6599 (0.6%) 25 798 (0.7%) 9172 (0.5%) 23 225 (0.9%)

Unspecified 2228 (0.2%) 12 532 (0.4%) 3387 (0.2%) 11 372 (0.4%)

Geographic area

Urban 992 973 (83.6%) 2 866 896 (82.6%) 1 635 871 (83.1%) 2 222 555 (82.7%)

Rural 189 518 (16.0%) 581 108 (16.7%) 320 842 (16.3%) 449 527 (16.7%)

Other 4815 (0.4%) 22 102 (0.6%) 11 368 (0.6%) 15 518 (0.6%)

Patients with unknown sex were not included in the columns stratified by sex. Median (Q1–Q3). Mean ± SD; n (%). ACE, angiotensin-converting enzyme; CABG, coronary artery bypass 
grafting; CAD, coronary artery disease; MI, myocardial infarction; NSTEMI, non-ST-elevation myocardial infarction; PCI, percutaneous coronary intervention; PCP, primary care physician; 
PCSK9, proprotein convertase subtilisin-kexin type 9; SMuRF, standard modifiable risk factor; STEMI, ST-elevation myocardial infarction.
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other countries. Second, data were collected from EHRs, medical 
claims, and pharmacy claims, which may have affected precision and 
could have resulted in sampling bias.40 Furthermore, patients might 
have been misclassified due to missing risk factor and medication 
data. International Classification of Diseases symptom classification 
could only be performed if patients visited their physician and docu
mented symptoms and thus the reported symptom burden might be 
an underestimation. Nevertheless, the database covered 98% of health 
insurance plans, and the prevalence of risk factors as well as incidence of 
MI were in line with previous large observational studies and national 
reports.20,22–26 Third, given the size and nature of the database, individ
ual lipid and blood pressure levels were unavailable for the majority of 
the cohort. Fourth, there were no data available for prior events before 
January 2014, so a small proportion of patients might still have experi
enced a prior cardiovascular event before 2014. However, if patients 
with prior MI had been included inadvertently, this would have in
creased the proportion of patients receiving preventive therapies and 
symptoms, thereby strengthening the current findings. Finally, the ana
lysis was restricted to patients experiencing an in-hospital MI and did 
not include patients not presenting at the hospital, those with sudden 
cardiac death, or those with a silent MI.

Conclusions
In a large real-world dataset, half of patients suffering first MI did not 
have any documented antecedent symptoms, and approximately 1 in 
5 patients was without identified SMuRFs. There were lower rates of 
physician visits and use of preventive therapy among asymptomatic 
and younger patients. These findings highlight an urgent unmet need 
to improve identification and preventive treatment uptake in individuals 
at risk of MI.

Supplementary data
Supplementary data are available at European Heart Journal online.
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