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OBJECTIVE

We sought to determine the prevalence of diabetes and associated cardiovascular
outcomes in a contemporary cohort of young individuals presenting with their first
myocardial infarction (MI) at age £50 years.

RESEARCH DESIGN AND METHODS

We retrospectively analyzed records of patients presenting with a first type 1MI at
age £50 years from 2000 to 2016. Diabetes was defined as a hemoglobin A1c ‡6.5%
(48mmol/mol) or a documented diagnosis of or treatment for diabetes. Vital status
was ascertained for all patients, and cause of death was adjudicated.

RESULTS

Among2,097 youngpatientswhohada type 1MI (meanage 44.065.1 years, 19.3%
female, 73% white), diabetes was present in 416 (20%), of whom 172 (41%) were
receiving insulin. Over a median follow-up of 11.2 years (interquartile range 7.3–
14.2 years), diabetes was associated with a higher all-cause mortality (hazard ratio
2.30; P < 0.001) and cardiovascular mortality (2.68; P < 0.001). These associations
persisted after adjusting for baseline covariates (all-cause mortality: 1.65; P 5

0.008; cardiovascular mortality: 2.10; P 5 0.004).

CONCLUSIONS

Diabetes was present in 20% of patients who presented with their first MI at age £50
years and was associated with worse long-term all-cause and cardiovascular
mortality. These findings highlight the need for implementing more aggressive
therapies aimed at preventing future adverse cardiovascular events in this
population.

In 2015, an estimated 30.3 million people in the U.S. (9.4% of the U.S. population)
had diabetes (1). Importantly, 18.9 million were ,65 years of age. While the
prevalence of diabetes has been increasing in all age-groups (2), the relative rate of
increase has been greatest in adolescents and young adults (3,4). A study using a
Markov-like computer model to simulate the life course of a hypothetical cohort
of adolescents/young adults in the U.S. found that those with type 2 diabetes lose
;15 years from average remaining life expectancy (5).
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Cardiovascular disease, including cor-
onary artery disease (CAD), is a well-
known complication of hyperglycemia
(6). Prior research has suggested that
the hazard of developing a myocardial
infarction (MI) may be more than three
times higher in patients with early-onset
type 2 diabetes (diagnosed at age 18–44
years) compared with usual-onset type 2
diabetes (diagnosed at age $45 years)
(7). Yet, little is known about how often
diabetes is present in individuals who
have an MI at a young age and whether
the presence of diabetes is associated
with worse outcomes in young patients
post-MI. A study from 1996 found that
12% of the patients aged #40 years
presenting with acute MI had diabetes
(8). Given the paucity of data on the
frequency and prognostic implications of
diabetes among those who experience
an MI at a young age in the current era,
we sought to determine the prevalence
of diabetes and associated cardiovascu-
lar outcomes in a more contemporary
cohort of young individuals presenting
with their first MI at age #50 years.

RESEARCH DESIGN AND METHODS

Study Group
The design of the YOUNG-MI registry has
been previously described (9). This is a
retrospective cohort study from two
large academicmedical centers (Brigham
and Women’s Hospital and Massachu-
setts General Hospital) that included
patients who experienced an MI at
age #50 years between 2000 and
2016. The presence and type of MI
were separately adjudicated by two
physicians. In cases of discrepancy that
could not be resolved, the final deter-
mination was performed by an adjudi-
cation committee. The Third Universal
Definition of MI was used to define a
type 1MI as a spontaneousMI related to
atherosclerotic plaque rupture, ulcera-
tion, assuring, erosion, or dissection (10).
For the present analysis, only patients
with type 1MIwere included. Individuals
with known CAD (defined as a priorMI or
revascularization) were excluded from
this analysis. The YOUNG-MI registry
has been approved by the institutional
review board at Partners HealthCare
(Boston, MA).

Diabetes
The presence of diabetes on index ad-
mission was determined through a

detailed review of medical records and
was defined as having a hemoglobin
A1c $6.5% (48 mmol/mol) or a docu-
mented diagnosis of or treatment for
diabetes. Electronic medical records
were reviewed for clinic notes before
admission, admission history and phys-
ical examination, and discharge sum-
maries to determine the presence and
type of diabetes aswell as the presence
or absence of insulin therapy. In addi-
tion, we evaluated all available hemo-
globin A1c data. The hemoglobin A1c

within 90 days of the admission for
MI was used as the index hemoglobin
A1c.

Risk Factors
A detailed review of the electronic med-
ical record was conducted to determine
the presence of cardiovascular risk fac-
tors during or before the index ad-
mission. For each risk factor, we also
determined whether it was known be-
fore admission or diagnosed during that
hospitalization. The definitions of all
risk factors have been previously de-
scribed in detail (9). Briefly, hyperten-
sion was defined as systolic blood
pressure $140 mmHg, diastolic blood
pressure $90 mmHg, or diagnosis/
treatment of hypertension. Dyslipidemia
was defined as total cholesterol $240
mg/dL, serum triglycerides $150 mg/dL,
HDL cholesterol ,40 mg/dL in men
or ,50 mg/dL in women, or diagnosis/
treatment of dyslipidemia. Chronic kid-
ney disease was defined as an estimated
glomerular filtration rate (eGFR) be-
tween 60 and 15 mL/min/m2 before
admission or a diagnosis of chronic kid-
ney disease. Peripheral vascular disease
(PVD) was defined as prior peripheral
arterial revascularization or a diagnosis
of peripheral artery disease or limb
claudication. Smoking was defined as
current (tobacco products used within
the past month), former, or never.
Family history of premature CAD
was defined as MI or coronary revas-
cularization occurring before age
55 years for male family members and
before age 65 years for female family
members.

To adjust for comorbidities, we calcu-
lated the Charlson comorbidity index, a
methodof predicting the risk ofmortality
on the basis of comorbidities, for each
patient as determined by ICD-9 diagnosis
and billing codes associated with the

index hospitalization (11). For patients
within the sample who were not coded
for MI, we added an additional ICD-9
code of 410 (acuteMI) before calculating
the Charlson comorbidity index. Addi-
tionally, because lower socioeconomic
status is known to be associated with all-
cause death, household income for each
patient was estimated on the basis of
household zip codes in conjunction with
the 2015 inflation-adjusted median house-
hold income data provided by the U.S.
Census Bureau (12).

Outcomes
The primary outcomes of interest were
both all-cause mortality and cardiovas-
cular mortality, including in-hospital
deaths. Vital statuswas assessed through
linkage with the Partners HealthCare
electronic medical record system, the
Social Security Administration Death
Master File, and theNationalDeath Index
and was censored on the date of the
latest query (28 September 2017). The
cause of death was adjudicated indepen-
dently by two cardiologists who were
blind to both the existence and the type
of diabetes. In cases of disagreement,
consensus for the cause of death was
reached by an adjudication commit-
tee. The cause of death was categorized
into cardiovascular death (9,13), non-
cardiovascular death, or undetermined.
If the cause of death was undetermined,
patients were conservatively analyzed as
having a noncardiovascular death.

In an exploratory secondary analysis,
we also evaluated the incidence of heart
failure admission 1 year post-MI. Ascer-
tainment of this end point was by review
of the longitudinalmedical record. For an
event to be classified as an admission for
heart failure, discharge with a hospital-
ization diagnosis of heart failure was
required. In addition, only events meet-
ing the defined clinical criteria for the
presence of symptoms, signs, and esca-
lation of therapy for heart failure were
classified as such (14,15).

Statistical Analysis
All analyses were performed using Stata
15.1 statistical software (StataCorp,
College Station, TX). Categorical variables
were reported as frequencies and pro-
portions and compared using x2 or
Fisher’s exact tests, as appropriate. Con-
tinuous variables were reported as
means or medians and compared using
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t tests or Mann-Whitney U tests, as
appropriate. Kaplan-Meier survival esti-
mates were calculated and compared
using the log-rank test. Curves were
constructed to illustrate time to death
(all-cause or cardiovascular).
To study the baseline effect of diabe-

tes on the primary outcomes of interest,
individuals were stratified according to
the presence of diabetes upon index
admission. Univariable Cox proportional
hazards modeling was then performed
for survival free from both all-cause and
cardiovascular death. Following this,
multivariable adjustmentwas performed
using variables that had significant uni-
variable association or are known to be
associated with either all-cause death or
cardiovascular death. A sensitivity anal-
ysis of long-term outcomes excluding

patients with newly diagnosed diabetes
was also performed.

To examine the effect of insulin us-
age among patients with diabetes,
Cox proportional hazards models were
constructed for survival free from
all-cause death.Multivariable risk adjust-
ment was performed using those varia-
bles that had significant univariable
association with the outcome in ques-
tion. Additionally, to study the effect of
diabetes requiring insulin on long-term
outcomes, univariable and multivariable
Cox proportional hazards modeling was
then performed for survival free from
both all-cause and cardiovascular death
among patients without diabetes, pa-
tients with diabetes not requiring insu-
lin, and patients with diabetes requiring
insulin.

Finally, univariable Cox proportional
hazards modeling was performed for
survival free fromheart failure admission
1 year post-MI on the basis of the pres-
enceof diabetes upon index admission as
well as the absence of diabetes, presence
of diabetes not requiring insulin, and
presence of diabetes requiring insulin.
Multivariable risk adjustment was per-
formed using those variables that had
significant univariable association with
heart failure 1 year post-MI (sex, PVD,
Charlson comorbidity index, creatinine,
eGFR, and length of stay).

RESULTS

Prevalence
Of 2,097 patients who experienced a
type 1 MI, diabetes was present in
416 (20%) (Table 1). Of the 416 patients

Table 1—Baseline characteristics: patients without diabetes and patients with diabetes

Characteristic
Patients without diabetes

(n 5 1,681, 80%)
Patients with diabetes

(n 5 416, 20%) P value

Demographics and MI type
Age at MI 45.0 (41.0–48.0) 45.0 (42.0–48.0) 0.81
Female 308 (18.3) 96 (23.1) 0.028
White 1,265 (75.3) 272 (65.4) ,0.001
Income (thousands of dollars) 72.8 (54.9–88.0) 62.4 (50.9–80.3) ,0.001
Insurance 1,344 (89.7) 328 (90.1) 0.80
ST-elevation MI 909 (54.1) 212 (51.0) 0.26

Risk factors
Hypertension 726 (43.6) 276 (67.3) ,0.001
Hyperlipidemia 1,523 (90.6) 387 (93.0) 0.12
Obesity 523 (31.1) 227 (54.6) ,0.001
BMI (kg/m2) 29.2 (25.9–32.6) 32.7 (28.4–36.6) ,0.001
Current smoker 863 (51.7) 203 (49.9) 0.51
Alcohol use 218 (13.1) 51 (12.6) 0.78
Substance use 197 (11.8) 33 (8.1) 0.03
PVD 26 (1.6) 15 (3.7) 0.006
Premature CAD in first-degree relative 480 (28.6) 102 (24.5) 0.098
Angina 1,483 (90.2) 354 (87.0) 0.056
ASCVD score 4.5 (2.6–7.0) 9.7 (5.4–16.3) ,0.001
Charlson comorbidity index 1 (1–1) 2 (2–3) ,0.001

Laboratory values
Hemoglobin A1c (%) 5.6 (5.4–5.8) 9.1 (7.3–10.9) ,0.001
Hemoglobin A1c (mmol/mol) 38 (36–40) 76 (56–96)
Normalized troponin 43.4 (11.3–148.8) 33.8 (7.9–154.0) 0.080
Creatinine (mg/dL) 1.0 (0.9–1.1) 1.0 (0.8–1.2) 0.17
eGFR (mL/min/1.73 m2) 80.6 (19.3) 78.4 (26.8) 0.055
Total cholesterol (mg/dL) 190.3 (46.8) 200.3 (85.5) 0.003
LDL cholesterol (mg/dL) 119.6 (40.7) 117.4 (66.4) 0.42
HDL cholesterol (mg/dL) 37.4 (10.4) 34.6 (9.4) ,0.001
Triglycerides (mg/dL) 143.0 (100.0–206.0) 182.0 (123.0–318.0) ,0.001

In-hospital cardiac procedures and length of stay
Coronary angiography performed 1,588 (94.5) 383 (92.1) 0.065
Revascularization performed 1,404 (83.5) 331 (79.6) 0.056
PCI 1,291 (76.8) 277 (66.6) ,0.001
CABG 118 (7.0) 59 (14.2) ,0.001
Length of stay (days) 3.0 (2.0–5.0) 4.0 (3.0–8.0) ,0.001

Data are n (%), median (IQR), or mean (SD). ASCVD, atherosclerotic cardiovascular disease; CABG, coronary artery bypass grafting; PCI, percutaneous
coronary intervention.
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with diabetes, 244 (59%) were not re-
ceiving insulin, while the remaining
172 (41%) were receiving insulin (Table
2). Of the 172 patients receiving insulin,
39 (23%) had type 1 diabetes and
129 (75%) had type 2 diabetes. The
typeof diabetes couldnot bedetermined
for four (2%) patients. Among patients
with diabetes, the diagnosis of diabetes
was present at the time of admission for
335 (81%) and newly diagnosed upon
admission in 81 (19%).

Baseline Characteristics
The baseline characteristics of patients
with diabetes comparedwith thosewith-
out diabetes are shown in Table 1. Com-
pared with patients without diabetes,

those with diabetes had significantly
higher rates of hypertension (67.3%
vs. 43.6%; P , 0.001), obesity (54.6%
vs. 31.1%; P , 0.001) with higher BMI
(32.7 vs. 29.2 kg/m2; P , 0.001), and
more prevalent PVD (3.7% vs. 1.6%; P5
0.006). Patients with diabetes had a
longer median length of stay (4.0 [inter-
quartile range (IQR) 3.0–8.0] vs. 3.0 [2.0–
5.0] days; P , 0.001) and had a lower
median income ($62,400 vs. $72,800;
P , 0.001).

Thebaseline characteristicsofpatients
with diabetes receiving insulin therapy
compared with patients with diabetes
not receiving insulin therapy are shown
in Table 2. Compared with patients with
diabetes not receiving insulin, thosewith

diabetes receiving insulin were more
likely to be female (32.0% vs. 16.8%;
P , 0.001), less likely to present with
ST-elevation MI (43.6% vs. 56.1%; P 5
0.012), had a longer median length of
stay (5.0 [IQR 3.0–9.5] vs. 4.0 [2.0–6.0]
days; P 5 0.006), were less likely to be
current smokers (41.2% vs. 56.1%; P 5
0.003), andweremore likely to have PVD
(5.8% vs. 2.1%; P 5 0.049).

There was no statistically significant
difference in coronary angiography rates
between patients with diabetes (92.1%)
and those without diabetes (94.5%; P 5
0.065) (Table 1). Compared with patients
without diabetes, patients with dia-
betes were significantly less likely
to undergo percutaneous coronary

Table 2—Baseline characteristics: patients with diabetes not receiving insulin and patients with diabetes receiving insulin

Characteristic
Patients with diabetes not receiving

insulin (n 5 244, 59%)
Patients with diabetes receiving

insulin (n 5 172, 41%) P value

Demographics, diabetes type, and MI type
Age at MI 46.0 (42.0–48.0) 45 (41.5–48.0) 0.29
Female 41 (16.8) 55 (32.0) ,0.001
White 160 (65.6) 112 (65.1) 0.92
Income (thousands of dollars) 64.2 (50.9–78.2) 61.4 (50.7–80.3) 0.29
Insurance 191 (88.4) 137 (92.6) 0.19
Type 1 diabetes 0 (0) 39 (23.2) ,0.001
Type 2 diabetes 244 (100) 129 (76.8) ,0.001
ST-elevation MI 137 (56.1) 75 (43.6) 0.012

Risk factors
Hypertension 165 (69.3) 111 (64.5) 0.31
Hyperlipidemia 231 (94.7) 156 (90.7) 0.12
Obesity 135 (55.3) 92 (53.5) 0.71
BMI (kg/m2) 32.7 (28.6–36.6) 32.9 (27.5–36.6) 0.62
Current smoker 133 (56.1) 70 (41.2) 0.003
Alcohol use 34 (14.4) 17 (10.1) 0.19
Substance use 20 (8.4) 13 (7.6) 0.77
PVD 5 (2.1) 10 (5.8) 0.049
Premature CAD in first-degree relative 64 (26.2) 38 (22.1) 0.33
Angina 212 (89.1) 142 (84.0) 0.14
ASCVD score 10.6 (6.9–17.3) 8.2 (4.7–14.3) ,0.001
Charlson comorbidity index 2 (2–3)** 2 (2–3) ,0.001

Laboratory values
Hemoglobin A1c (%) 8.6 (7.1–10.6) 9.7 (8.0–11.6) 0.003
Hemoglobin A1c (mmol/mol) 70 (54–92) 83 (64–103)
Normalized troponin 36.3 (9.0–164.3) 29.8 (7.0–148.3) 0.32
Creatinine (mg/dL) 1.1 (0.4) 1.2 (0.7) 0.001
eGFR (mL/min/1.73 m2) 82.6 (25.1) 72.4 (28.1) ,0.001
Total cholesterol (mg/dL) 198.5 (73.1) 202.7 (100.8) 0.65
LDL cholesterol (mg/dL) 114.7 (43.5) 121.2 (89.7) 0.36
HDL cholesterol (mg/dL) 33.8 (8.2) 35.8 (10.8) 0.045
Triglycerides (mg/dL) 193.0 (128.0–346.0) 171.0 (121.0–301.5) 0.53

In-hospital cardiac procedures and length of stay
Coronary angiography performed 225 (92.2) 158 (91.9) 0.90
Revascularization performed 199 (81.6) 132 (76.7) 0.23
PCI 169 (69.3) 108 (62.8) 0.17
CABG 32 (13.1) 27 (15.7) 0.46
Length of stay (days) 4.0 (2.0 6.0) 5.0 (3.0–9.5) 0.006

Data are n (%), median (IQR), andmean (SD). ASCVD, atherosclerotic cardiovascular disease; CABG, coronary artery bypass grafting; PCI, percutaneous
coronary intervention. **Lower of the two.
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intervention (66.6% vs. 76.8%; P ,
0.001) and significantly more likely to
undergo coronary artery bypass grafting
(14.2% vs. 7.0%; P , 0.001).

Long-term Outcomes
Over a median follow-up of 11.2 years
(IQR 7.3–14.2 years), diabetes was asso-
ciated with a higher all-cause mortality
(hazard ratio [HR] 2.30 [95% CI 1.77–
2.98]; P , 0.001) and cardiovascu-
lar mortality (2.68 [1.85–3.89]; P ,
0.001). These associationspersisted after
adjusting for baseline covariates (all-
cause mortality: 1.65 [1.14–2.38]; P 5

0.008; cardiovascular mortality: 2.10
[1.26–3.49]; P 5 0.004) (Supplementary
Tables1 and2). The adjusted associations
also persisted in the sensitivity analysis
that excluded patients with newly di-
agnosed diabetes: Preexisting diabetes
was associated with higher adjusted
all-cause (1.93 [1.38–2.70]; P, 0.001)
and cardiovascular mortality (2.39
[1.40–4.07]; P 5 0.001) compared
with no diabetes.

On an unadjusted basis, both diabe-
tes not requiring insulin (HR 1.61 [95%
CI 1.13–2.32]; P 5 0.009) and diabetes
requiring insulin (3.34 [2.42–4.59]; P,

0.001) were associated with signifi-
cantly higher all-cause mortality com-
pared with no diabetes (Fig. 1A). After
adjustment, the association for diabe-
tes requiring insulin (2.00 [1.28–3.13];
P50.002) remained significant, but the
association for diabetes not requiring
insulin (1.48 [0.88–2.45]; P5 0.133) did
not.

When examining the association of
cardiovascular mortality with insulin
treatment, the unadjusted HRs for
both diabetes not requiring insulin
(2.19 [95% CI 1.36–3.52]; P 5 0.001)
and diabetes requiring insulin (3.43
[2.15–5.48];P,0.001)were significantly
higher. The association for diabetes re-
quiring insulin (2.31 [1.22–4.38]; P 5
0.010) and the association for diabetes
not requiring insulin (2.03 [1.04–3.96];
P 5 0.038) remained significant after
adjustment (Fig. 1B).

Among patients with diabetes, insulin
use was associated with higher all-cause
mortality (HR 2.08 [95% CI 1.35–3.20];
P 5 0.001). After adjusting for baseline
covariates, this association attenuated
andwasno longer significant (1.40 [0.85–
2.30]; P 5 0.182) (Supplementary Table
3). The unadjusted HR for cardiovascular
mortality stratified by insulin use among
patients with diabetes was not significant
(1.57 [0.87–2.82]; P 5 0.131). Among
patients with diabetes, the unadjusted
HRs for both all-cause and cardiovascular
mortality stratified by type 1 versus
type 2 diabetes were not significant
(all-cause mortality: 1.55 [0.86–2.81];
P 5 0.145; cardiovascular mortality:
1.12 [0.44–2.84]; P 5 0.815).

Heart Failure Admission
Diabetes was associated with a statisti-
cally significant higher rate of admission
for heart failure 1 year post-MI on an
unadjusted basis (HR 3.07 [95% CI 1.71–
5.54]; P , 0.001). After adjustment, the
association remained significant (2.12
[1.13–3.99]; P 5 0.020). Twenty (4.8%)
of the 416 patients with diabetes had an
admission for heart failure during the
first year after their MI compared with
25 (1.5%) of the 1,681 patients without
diabetes (P,0.001) (SupplementaryTable
4). Twelve of the 172 patients (7.0%) with
diabeteswhoused insulin had anadmission
for heart failure during thefirst year after
their MI compared with 8 (3.3%) of the
244 patients with diabetes not on insulin
(P50.100).Kaplan-Meier curvesofheart

Figure 1—Cumulative hazard of all-cause and cardiovascular mortality according to diagnosis of
diabetes.A: Kaplan-Meier curves of all-causemortality in patientswithout diabetes,with diabetes
not receiving insulin, andwith diabetes receiving insulin. B: Kaplan-Meier curves of cardiovascular
mortality in patients without diabetes, with diabetes not receiving insulin, and with diabetes
receiving insulin.
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failure admission 1 year post-MI in pa-
tients without diabetes, diabetes not re-
quiring insulin, and diabetes requiring
insulin are shown in Fig. 2.

CONCLUSIONS

Our study is the largest in our knowledge
to examine the prevalence and outcomes
of diabetes among patients who experi-
encedanMIatayoungage.Wefoundthat
diabeteswaspresent in20%ofourcohort,
with the majority of them having type 2
diabetes. Diabetes was a new diagnosis
for 19% of our cohort with diabetes, a
finding that reinforces the importance of
screening for diabetes among individuals
who present with an MI at a young age.
Over amedian follow-upof 11.2 years, we
found that diabeteswas associatedwith a
65% higher all-cause mortality and a dou-
bling in cardiovascular mortality after
adjusting forbaselinecovariates. Support-
ing recent data about the strong associ-
ation of diabetes with heart failure, we
also founda greater than threefold higher
risk of admission for heart failure 1 year
post-MI in our patients with diabetes and
early-onset MI.
Although prior research has reported

outcomes of young patients with diabe-
teswho are diagnosedwith CAD (16), our
study is the first to examine the effect of
diabetes on long-term outcomes of
young individuals who have experienced
an MI as well as the risk of heart failure
admission in this group of patients.

Previous studies of cohorts of older
patients have reported 30-day and
1-year outcomes of patients with diabe-
tes following acute coronary syndrome
(17) or long-term outcomes of patients
with diabetes and established or at high
risk for atherothrombosis (18). In these
studies, patients with diabetes were also
at increased risk of both cardiovascular
mortality (adjusted HR 1.38) (18) and all-
cause mortality (adjusted HR 1.33–1.40)
(17,18). However, we found that the
adjusted hazard for both cardiovascular
mortality (HR 2.10) and all-cause mor-
tality (1.65) as a result of diabetes was
higher in younger patients. These find-
ings suggest that diabetes may be an
even stronger cardiovascular risk factor
in young patients and highlight the im-
portance of even more aggressive risk
factor modification in this group.

Several glucose-lowering agents from
two drug classes (sodium–glucose co-
transporter 2 inhibitors and glucagon-
like peptide 1 receptor agonists) improve
cardiovascular outcomes in patientswith
diabetes and at high cardiovascular risk
(19–24). On the basis of the existing body
of data, drugs from these classes have
indications to reduce cardiovascular
events, including death (25). There has
been an important emphasis for cardiol-
ogists to advocate for their patients with
diabetes by initiating glucose-lowering
therapies that will reduce cardiovascular
risk (26,27). A recent American College of

Cardiology Expert Consensus Decision
Pathway, endorsed by the American Di-
abetes Association, provides a guide to
cardiologists for the initiation and mon-
itoringof thesemedicationswith thegoal
of reducing cardiovascular risk (25). Of
note, the mean age in recent trials of
these agents was at least 63 years. Given
the prevalence of diabetes in younger
patients and its association with higher
cardiovascular morbidity, it will be im-
portant for future trials to include youn-
ger patients.

Our study is limitedby its retrospective
design; however, this allowed us to
examine a large number of individuals
who experienced an MI at a young age.
We estimate that enrolling a similar
numberofpatients in aprospective study
would take .10 years to conduct. Be-
cause our cohort was limited to individ-
ualswhoexperiencedanMI,wewerenot
able to determine the prevalence of
diabetes in the at-risk population and,
therefore, were unable to provide data
on the relative risk of diabetes for causing
MI. We do not have information on
complications from diabetes, such as
neuropathy, nephropathy, and retinop-
athy.We also do not have data regarding
the duration of diabetes for each patient
or the use of all diabetes medications. Of
note, empagliflozin (December 2016)
and liraglutide (August 2017) did not
receive their cardiovascular disease in-
dications during this study’s time period.
Heart failure admission data were only
obtained up to 1 year post-MI, and rates
were low. However, we anticipate that
over a longer follow-up, the difference
that we detected would be even greater.

In conclusion, diabetes was present in
20% of patients with an MI at age #50
years and was associated with worse
long-term all-cause and cardiovascular
mortality over amedian follow-upof 11.2
years. Among patients with diabetes, the
use of insulin was associated with an
even higher all-causemortality. Diabetes
was also associated with an increased risk
of heart failure admission 1 year post-MI.
These findings highlight the need for
implementing more-aggressive thera-
pies aimed at preventing future adverse
cardiovascular events in young patients
post-MI.
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