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Aims Autoimmune systemic inflammatory diseases (SIDs) are associated with an increased risk of cardiovascular (CV)
disease, particularly myocardial infarction (MI). However, there are limited data on the prevalence and effects of
SID among adults who experience an MI at a young age. We sought to determine the prevalence and prognostic
implications of SID among adults who experienced an MI at a young age.

...................................................................................................................................................................................................
Methods
and results

The YOUNG-MI registry is a retrospective cohort study from two large academic centres, which includes patients
who experienced a first MI at 50 years of age or younger. SID was ascertained through physician review of the
electronic medical record (EMR). Incidence of death was ascertained through the EMR and national databases. The
cohort consisted of 2097 individuals, with 53 (2.5%) possessing a diagnosis of SID. Patients with SID were more
likely to be female (36% vs. 19%, P = 0.004) and have hypertension (62% vs. 46%, P = 0.025). Over a median follow-
up of 11.2 years, patients with SID experienced an higher risk of all-cause mortality compared with either the full
cohort of non-SID patients [hazard ratio (HR) = 1.95, 95% confidence interval (CI) (1.07–3.57), P = 0.030], or a
matched cohort based on age, gender, and CV risk factors [HR = 2.68, 95% CI (1.18–6.07), P = 0.018].

...................................................................................................................................................................................................
Conclusions Among patients who experienced a first MI at a young age, 2.5% had evidence of SID, and these individuals had

higher rates of long-term all-cause mortality. Our findings suggest that the presence of SID is associated with worse
long-term survival after premature MI.
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Introduction

Patients with systemic inflammatory conditions have a higher risk of
myocardial infarction (MI) and cardiovascular (CV) mortality com-
pared with the general population. These patients have also been

noted to have a higher prevalence of CV risk factors; however, these
typical risk factors do not fully account for this elevated CV risk.1–5

Instead, systemic inflammation has been implicated as the key driver
of excess risk.6–10 Common inflammatory conditions associated with
increased CV risk include psoriasis, systemic lupus erythematosus
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(SLE), and rheumatoid arthritis (RA). Although each disease has
unique pathogenesis and immunopathobiology, systemic inflamma-
tion is a common theme among these disorders. In fact, the 2019
American College of Cardiology/American Heart Association (ACC/
AHA) prevention guidelines have categorized each of these condi-
tions as a ‘risk enhancer’ that can be used to further stratify patients
determined to be at intermediate risk and for whom primary preven-
tion statin therapy is being considered.11

While CV mortality has declined substantially in the USA over the
last 50 years, progress has stalled among young adults (age <
55 years), especially among young women. Similarly, the incidence of
MI has declined substantially across the USA over the past 10 years
but not in young adults.12 The onset of systemic autoimmune inflam-
matory disorders often occurs in young adulthood, with women
being more frequently affected than men.13–16 Thus, we hypothesized
that systemic inflammatory disorders in this age group might be asso-
ciated with a higher risk of long-term CV events. The objective of this
study was to examine the overall prevalence of systemic inflamma-
tory diseases (SIDs), as well as their association with CV risk factor
profiles and long-term mortality among patients admitted with a first
MI at or before the age of 50.

Methods

Study population
The design of the YOUNG-MI registry has been previously described.17

In brief, this is a retrospective cohort study from two large academic
medical centres (Massachusetts General Hospital and Brigham and
Women’s Hospital, Boston, MA, USA), which included all consecutive
patients who experienced an MI at or before 50 years of age between
2000 and 2016. All records were adjudicated by a team of study physi-
cians, as previously described,17 using the Third Universal Definition of
MI.18 For the present analysis, only patients with type 1 MI were included.
Individuals with known coronary artery disease (CAD) (defined as prior
MI or revascularization) were excluded. A waiver of consent for the
YOUNG-MI registry was granted by the Institutional Review Board at
Partners HealthCare.

Risk factors
The presence of CV risk factors was ascertained by means of a detailed
review of electronic medical records (EMRs) from the period during and
prior to the index admission. For each risk factor, we also determined
whether it was known prior to admission or diagnosed during the index
hospitalization. Diabetes was defined as fasting plasma glucose >126 mg/
dL or haemoglobin A1c >_6.5% or diagnosis/treatment for diabetes.
Hypertension was defined as having a documented diagnosis and/or treat-
ment of hypertension. Dyslipidaemia was defined as having a documented
diagnosis and/or treatment of dyslipidaemia. Obesity was defined as hav-
ing a body mass index >_30 kg/m2 or a diagnosis of obesity. Smoking was
defined as current (tobacco products used within a month prior to the
index admission), former, or never. Family history of premature CAD,
defined as a fatal MI, nonfatal MI, or coronary revascularization occurring
before 55 years of age for first-degree male family members and before
65 years of age for first-degree female family members, was captured by a
thorough review of the EMRs, which included all clinic notes prior to ad-
mission, admission history and physical, discharge summaries, and follow-
up visit notes. The atherosclerotic cardiovascular disease (ASCVD) risk
score was calculated based on data available prior to MI or at time of

presentation using the pooled cohort equation. Risk factors that were
diagnosed after the index hospitalization for MI were not used for calcu-
lating the risk scores, as the intent of our study was to evaluate the known
risk factor profile prior to presentation. Given the systemic nature of in-
flammatory conditions, we also calculated the Charlson Comorbidity
Index (CCI) score, a composite score that combines underlying medical
comorbidities, using International Classification of Diseases, 9th and 10th
Revision (ICD-9, ICD-10) diagnosis and billing codes associated with the
index hospitalization.19

Cardiac biomarkers
Laboratory values were obtained during the index admission and
extracted from the EMR. The maximum troponin value during in-patient
admission was used. Because different assays were used to measure
troponin during the study period, the troponin value was standardized by
dividing it by the 99th percentile (i.e. the upper limit of normal) for the
particular assay. Further details are provided in ref.20

System inflammatory disease
The existence of SIDs was initially assessed ICD-9 or ICD-10 diagnosis
codes within the EMR or natural language processing21 for key search
word/terms for autoimmune systemic inflammatory disorders. A phys-
ician blinded to all outcomes data then reviewed each chart to confirm
the clinical criteria. Only patients who had the inflammatory disease diag-
nosis listed in the medical record at or before the time of the index MI
were included.

Outcomes
The primary outcome of interest was all-cause mortality. Vital status was
assessed by means of the Social Security Administration Death Master
File, the Massachusetts Department of Vital Statistics, and the National
Death Index. Cause of death was adjudicated independently by two
physicians, with all instances of disagreement reviewed by an adjudication
committee and decisions reached by consensus.

Statistical analysis
All analyses were performed using Stata Version 15.1 (StataCorp,
College Station, TX, USA). Categorical variables are reported as frequen-
cies and proportions and were compared with v2 or Fisher’s exact tests,
as appropriate. Continuous variables are reported as means or medians
and compared with t-tests or Mann–Whitney tests, as appropriate. The
proportional hazards assumption was assessed by analysing the
Schoenfeld residuals. Survival curves were compared using the log-rank
test. A two-tailed P-value less than 0.05 was considered statistically
significant.

Cox proportional hazards modelling were used to assess the asso-
ciation with SID and obtain corresponding hazard ratios (HRs) and
95% confidence intervals (CIs) for all-cause mortality. Patients were
censored on the date of querying their source of vital statistics. Cox
proportional hazard modelling was initially performed on a univariate
basis using all patients in the cohort. Following this, given the small
cohort size and number of events, an analysis was performed
after generating a sub-sample based on Mahalanobis Distance match-
ing on age, sex, and key CV risk factors that included diabetes, to-
bacco use, and hypertension. Subsequently, multivariable modelling
was performed to further adjust for estimated glomerular filtration
rate (eGFR) and length of stay (LOS). This additional adjustment was
performed based on selecting variables which had a significant uni-
variate association with all-cause mortality in the matched cohort
and for which there is an established association with all-cause
mortality.22

Association of inflammatory disease and long-term outcomes among young adults with MI 353
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Results

Prevalence of systemic inflammatory
disorders among patients with type 1 MI
age �50
The cohort consisted of 2097 patients who experienced a Type 1 MI
at or before age 50 years. The median age was 45 years, of whom
19% were female and 53% presented with an ST-elevation MI.
Among the total cohort, 53 (2.5%) possessed a diagnosis of SID at or
before their index MI. The distribution is shown in Figure 1 among
which 64% of patients had a diagnosis of psoriatic disease, 23% SLE,
9% RA, and 4% other SID.

The demographics of patients with SID compared with the overall
cohort is shown in Table 2. Patients with SID were more likely to be
female (36% vs. 19%, P = 0.004) and be diagnosed with hypertension
(62% vs. 46%, P = 0.025). There were no significant differences in the
prevalence of other CV risk factors: diabetes, smoking, dyslipidaemia,
or a family history of premature CAD. The mean CCI was also similar

between patients with SID and the rest of the cohort [1.7 (0.8) vs. 1.5
(1.0), P = 0.3].

Patients with SID were less likely to present with ST-elevation MI
(39.6% vs. 53.8%, respectively P = 0.04), but had similar rates of revas-
cularization during their index hospitalization, including percutaneous
coronary intervention and coronary artery bypass graft surgery
(Table 3). We observed that patients with inflammatory disease were
less likely to be prescribed aspirin (88% vs. 95%, P = 0.049) or a statin
(76% vs. 89%, P = 0.008) upon discharge when compared with the
rest of the cohort. There was no significant difference in the prescrip-
tion rates of angiotensin-converting enzyme inhibitors, beta-blockers,
or P2Y12 inhibitors on discharge (Table 3).

Cardiovascular outcomes and all-cause
mortality
Over a median follow-up 11.2 years, 11 (20.8%) of the 53 with SID
died as compared with 243 (11.9%) of the 2044 individuals without a
diagnosis of SID at or before their index MI (P = 0.083). Within the
full cohort, the unadjusted HR for death with a diagnosis of SID at or
before the index MI was 1.95 (95% CI 1.07–3.57, P = 0.030) )
(Figure 2A), which remained significant after adjusting for eGFR and
LOS with an adjusted HR 1.86 [adjusted HR of 1.86 (95% CI 1.02–
3.42, P = 0.044].

Similar findings were observed when the SID cohort was com-
pared with the matched subsample of 138 individuals matched on the
basis of age, sex, and key CV risk factors: 11 (20.8%) of the 53 with
SID died compared with 12 (8.7%) of the 138 individuals without SID
(P = 0.027). The corresponding HR of a diagnosis of SID on all-cause
mortality was 2.68 (95% CI 1.18–6.07, P = 0.018) ) (Figure 2B). These
results remained similarly robust after adjusting for eGFR and LOS,
with an adjusted HR for the matched sub-sample of 2.41 (95% CI
1.04–5.61, P = 0.041), as shown in Table 4.

Assessment of relevant biomarkers
Systemic inflammation can alter lipid levels, including the well-
described paradoxical increase in LDL-C levels with a reduction in in-
flammation in RA patients.23,24 We examined the lipid levels obtained
during the index hospitalization. Patients with systemic inflammatory
conditions had similar median levels of total cholesterol, LDL

Figure 1 Distribution of systemic inflammatory disease among
young adults with type 1 MI. A pie chart is shown subdividing the
type of systemic inflammatory condition that characterized the
study cohort population. The distribution was as follows: 23% sys-
temic lupus erythematosus, 9% rheumatoid arthritis, 64% psoriasis,
and 4% other inflammatory arthritis.

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

Table 1 Baseline demographics of study cohort

Individuals without systemic

inflammatory disease (n 5 2044)

Individuals with systemic

inflammatory disease (n 5 53)

P-value

Age at event, median (IQR) 45 (41–48) 46 (42–48) 0.54

Female, n (%) 385 (18.8%) 19 (35.8%) 0.002a

Caucasian, n (%) 1497 (73.2%) 40 (75.5%) 0.72

Hypertension, n (%) 947 (46.3%) 33 (62.3%) 0.02a

Hyperlipidaemia, n (%) 1868 (91.4%) 46 (86.8%) 0.24

Diabetes, n (%) 405 (19.8%) 11 (20.8%) 0.87

Obesity, n (%) 756 (38.3%) 24 (46.2%) 0.25

Family history of premature CAD, n (%) 565 (27.6%) 17 (32.1%) 0.48

Charlson index, mean (SD) 1.5 (1.0) 1.7 (0.8) 0.3

CAD, coronary artery disease; IQR, interquartile range; SD, standard deviation.

354 B. Weber et al.
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..cholesterol, and triglycerides, and a trend towards higher triglyceride
values [164 mg/dL (130–274) vs. 149 mg/dL (102–223), P = 0.04]
compared to the whole cohort without SID. Cardiac injury was
assessed based on maximum troponin value first standardized by the
assay upper limit of normal obtained during in-patient admission
which was lower among patients with systemic inflammatory condi-
tions compared with the remainder of the cohort [14.2 (3.8–57) vs.
42.2 (10.6–152), P = 0.003]. Importantly, given the known renal mani-
festations of many systemic inflammatory conditions, baseline renal

function (eGFR) at the time of index MI was similar between the
groups (Table 3).

Discussion

Autoimmune SIDs are associated with excess CV risk although lim-
ited data exist on adults who experience an MI at a young age. Our
findings extend prior observations as we provide the first study, to
our knowledge, to determine the prevalence and prognostic value of

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

Table 2 Baseline characteristics of a matched sub-sample and systemic inflammatory disease patients

Matched sub-sample

(n 5 138)

Systemic inflammatory

disease cohort (n 5 53)

P-value

Age at event, median (IQR) 46 (41–49) 46 (42–48) 0.54

Female, n (%) 48 (34.8%) 19 (35.8%) 0.89

Caucasian, n (%) 95 (68.8%) 40 (75.5%) 0.37

Hypertension, n (%) 84 (60.9%) 33 (62.3%) 0.86

Hyperlipidaemia, n (%) 124 (89.9%) 46 (86.8%) 0.54

Diabetes, n (%) 30 (21.7%) 11 (20.8%) 0.88

Obesity, n (%) 55 (39.9%) 24 (46.2%) 0.43

Current tobacco use, n (%) 57 (41.6%) 23 (44.2%) 0.74

Charlson index, mean (SD) 1.6 (1.0) 1.7 (0.8) 0.36

IQR, interquartile range; SD, standard deviation.

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

Table 3 Cardiovascular biomarkers and outcomes during index type 1 MI admission between patients with systemic
inflammatory disease and controls

Individuals without systemic

inflammatory disease (n 5 2044)

Individuals with systemic

inflammatory disease (n 5 53)

P-value

Laboratory values, median (IQR)

Total cholesterol (mg/dL) 187 (158–218) 185 (148–229) 0.71

Triglycerides (mg/dL) 149 (102–223) 164 (130–274) 0.04

HDL-C (mg/dL) 36 (30–42) 35.0 (28–39) 0.072

LDL-C (mg/dL) 116 (91–142) 110 (79–149) 0.5

Max troponin 42.2 (10.7–152) 14.2 (3.8–57) 0.003

Creatinine (mg/dL) 1.0 (0.9–1.1) 1.0 (0.9–1.2) 0.71

Discharge medications,a n (%)

Aspirin 1898 (94.7%) 43 (87.8%) 0.04

Statin therapy 1793 (89.4%) 37 (75.5%) 0.002

P2Y12 inhibitor 1640 (81.8%) 36 (73.5%) 0.14

Beta-blocker 1834 (91.5%) 41 (83.7%) 0.06

ACE inhibitor/ARB 1240 (61.8%) 27 (55.1%) 0.34

Outcomes, n (%)

Cardiac cath 1923 (94.1%) 48 (90.6%) 0.29

Coronary revascularization 1690 (82.7%) 45 (84.9%) 0.67

CABG 199 (9.7%) 7 (13.2%) 0.4

ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile range; LDL, low-density lipoprotein
cholesterol.
Shown are admission labs with median values with IQR except for troponin. Troponin was standardized by the assay upper limit of normal and then a maximum median value is
shown.20 Lipid values reflect >85% of individuals without SID and n = 49 with SID.
aDischarge medications reflect 2005 patient’s without SID that were discharged and 49 patients with SID that were discharged.

Association of inflammatory disease and long-term outcomes among young adults with MI 355
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..SID among adults who experience an MI at young age. Among a large
cohort of patients with premature MI, approximately 2.5% had evi-
dence of a SID, and these patients experienced higher all-cause mor-
tality, even when compared with patients who had a similar CV risk

factor profile. One possible mechanism that links SID with higher
rates of mortality after an MI is ongoing systemic inflammation and a
dysregulated immune response, including both adaptative and innate
immunity, which impairs the normal healing response.25–28 Indeed,

Figure 2 (A) Kaplan–Meier curves of all-cause mortality in patients with systemic inflammatory disease compared with the full-cohort (log-rank
P = 0.03). (B) Kaplan–Meier curves of all-cause mortality in patients with systemic inflammatory disease compared with a matched cohort (n = 138)
(log-rank P = 0.018).

356 B. Weber et al.
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recent data in the general population from the Colchicine
Cardiovascular Outcomes Trial (COLCOT) suggests that reducing
inflammation with colchicine in the post-MI period reduces rates of
major CV events.29

Despite the enhanced CV risk associated with systemic inflamma-
tory disorders, it is known that the 10-year ASCVD risk score under-
estimates the true risk.10,30,31 Inflammatory disease-specific CV risk
calculators have been proposed; however, these risk scores do not
perform better than the current ACC/AHA ASCVD risk calculator
and are not routinely used in general practice.32,33 Our data demon-
strate a similar distribution of ASCVD risk scores when comparing
the patients with SID with the remainder of the cohort, despite
higher overall mortality. A better understanding of the risk factors
and outcomes among young adults with systemic inflammatory con-
ditions is needed, since age remains the dominant risk factor for 10-
year ASCVD risk prediction, and as a result, most patients with SID
who experienced MI at a young age would not have been eligible for
primary prevention statin therapy based on currently guidelines, as is
also the case in the large population of patients who experienced an
MI at a young age.34

Prescription of secondary prevention CV medications at discharge
after an acute coronary syndrome has been shown to reduce mor-
bidity and mortality. Our finding that patients with systemic inflamma-
tory conditions were less likely to be prescribed aspirin and statin on
discharge was surprising. The reason for this discrepancy is not
known and should be explored in future studies. Patients with sys-
temic inflammatory conditions are often on baseline immunosup-
pression, and whether the difference in discharge prescription rate or
secondary preventative CV therapies is a result of concern for drug-
drug interactions or medical complexity of the patient is not known.

Lipid levels may be falsely lowered at the time of acute MI, and it is
possible that these values could be a less accurate representation of
steady state; however, this has been examined in several studies, and
a large study did not find a clinical meaningful change between base-
line lipid profile and that during an acute coronary syndrome.35,36 In
addition, patients with RA have been noted to exhibit the ‘lipid para-
dox’, where LDL is paradoxically lower during periods of high inflam-
mation, which is likely similarly true in other SID conditions. Psoriasis
is the most common systemic inflammatory skin disorder and it is not
surprising that this contributed the highest portion of the cohort.

Despite being a known biomarker of elevated CV risk even in
patients without SIDs,37 high-sensitivity C-reactive protein (hsCRP)
was measured in only a small minority of the cohort as it was not rou-
tinely checked as part of care. The absence of information on disease
severity, including hsCRP or disease-specific severity index scores, is
a limitation of the study. Further work that incudes larger scale,
disease-specific prospective studies will be needed to determine the
specific features of disease severity and treatment that are relevant to
prediction of CV events at a young age.

The primary limitations of the study include a small sample size
that is retrospective in nature. However, this retrospective cohort
design is ideal to examine less frequent conditions, such as systemic
inflammatory conditions and MI in young individuals. Given the retro-
spective nature of this study and the small sample size of young adults
with SID, we were not able to control for all baseline characteristics
or discharge medications and thus focused on the most significant
and clinically relevant characteristics. Nonetheless, we believe these
findings are of importance and to our knowledge, is the first study to
specifically examine a cohort of patients with underlying systemic in-
flammatory conditions who experience an MI at a young age. In add-
ition, instead of relying on billing or other coded information, the
small sample size allowed our team to perform a manual review of all
notes within the EMR prior to, during, and at discharge from the
index admission to adjudicate the presence of a systemic inflamma-
tory disorder and the presence of other CV risk factors. While we
do not have follow-up for recurrent CV events in this cohort, the
finding of increased all-cause death is a highly robust and meaningful
outcome in this young population. Because our cohort was limited to
individuals who experienced an MI, we were not able to determine
the prevalence of systemic inflammatory conditions in the at-risk
population and, therefore, were unable to provide data on the rela-
tive risk of systemic inflammatory conditions for causing a first MI.

In conclusion, systemic inflammatory conditions were present in
2.5% of patients with an MI at age <50 years and were associated
with worse long-term all-cause mortality over a median follow-up of
11.2 years, a disparity not fully explained by higher rates of typical CV
risk factors. Furthermore, these patients were less likely to be pre-
scribed guideline-based secondary prevention aspirin and statin ther-
apy after acute MI. These findings highlight the need for focused
attention to SIDs in CV risk assessment and for implementation of
more aggressive preventive therapies to reduce the burden of ad-
verse CV events in young patients with underlying SID.
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Table 4 Univariate and multivariate model for
all-cause mortality comparing patients with systemic
inflammatory diseases to matched controls

Model HR (95% CI) P-value

Univariate: matched sub-sample

(n = 138) vs. SID (n = 53)

2.67 (1.18–6.07) 0.018

Length of stay 2.74 (1.19–6.27) 0.017

eGFR 2.35 (1.03–5.40) 0.043

Final model: length of stay and eGFR 2.41 (1.04–5.61) 0.041

Shown is the Cox proportional model among SID compared to the sub-group
matched on age, gender, HTN, DM, and tobacco use.
eGFR, estimated glomerular filtration rate; SID, systemic inflammatory disease.
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