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Temporal trends in clinical characteristics of patients without
known cardiovascular disease with a first episode of myocardial
infarction
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W. Frank Peacock, MDc, Gregg C. Fonarow, MDd, Warren K. Laskey, MD, MPHe, Adrian F.
Hernandez, MDb, and Deepak L. Bhatt, MD, MPHf

aNew York University School of Medicine, New York, NY
bDuke Clinical Research Institute, Durham, NC
cBaylor College of Medicine, Houston, TX
dUniversity of California, Los Angeles Medical Center, Los Angeles, CA
eUniversity of New Mexico, Albuquerque, NM
fBrigham and Women's Hospital and Harvard Medical School, Boston, MA.

Abstract
Background—Recent initiatives have focused on primary prevention to delay time to first
myocardial infarction (MI). The aim of this study was to evaluate the change in risk factor profile
over time in patients without known cardiovascular disease presenting with first MI.

Methods—In the American Heart Association's Get With The Guidelines–Coronary Artery
Disease national registry, 100,884 patients without known cardiovascular disease presenting with
acute MI from 408 hospitals were evaluated between 2002 and 2008. The time trends of the
proportion of patients with cardiovascular risk factors (nonmodifiable: age >45 years for men or
>55 years for women, male sex, modifiable: diabetes mellitus, hypertension, hyperlipidemia,
tobacco use) were analyzed. Analyses were stratified by non–ST-segment elevation MI (NSTEMI)
versus ST-segment elevation MI (STEMI).

Results—The proportion of patients with ≥3 of 6 traditional risk factors slightly decreased over
time in the NSTEMI (69.5%-66.8%, P < .0001) and STEMI (68.9%-66.4%, P < .0001) cohorts.
The proportion of patients with ≥2 of 4 modifiable risk factors increased from 52% to 59% and
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then declined to 52.1% (P < .0001) in the NSTEMI cohort but declined slightly in the STEMI
cohort (50.9%-47.3%, P < .0001). After adjusting for age and gender, the time trend of proportion
with diabetes mellitus, hypertension, and tobacco use declined in both cohorts. However, the
proportion of patients with hyperlipidemia remained similar.

Conclusions—Although risk factor profiles in patients presenting with first MI have shown
improvements over time, the changes are modest.

Over recent years, greater focus has been placed on primary prevention of cardiovascular
disease. Large epidemiological studies have identified cardiovascular risk factors and
development of global risk scores designed to predict the risk of coronary artery disease
(CAD) in primary care offices.1-4 Identification of these cardiovascular risk factors has led
to national guidelines aimed at improving the modifiable risk factors with lifestyle changes
and pharmacologic therapy in patients at high risk for developing a cardiovascular event.5,6

The American Heart Association (AHA) took on a global approach to primary prevention
with their publication of guidelines addressing how best to evaluate, manage, and follow-up
people at risk for developing cardiovascular disease.7 The addition of community-based
initiatives, such as the AHA's Life's Simple 7 program and increased public policy efforts to
decrease exposure to first- and second-hand smoking, further aimed to delay a first
cardiovascular event in individuals without known disease.8

Herein, we aim to use the AHA's Get With The Guidelines (GWTG)–CAD registry to
provide some insight into the change in risk factor profile over time of patients without
known cardiovascular disease presenting with their first episode of myocardial infarction
(MI).

Methods
Study cohort

Data were collected from a total of 276,540 patients in 435 hospitals in the United States
participating in the AHA's GWTG-CAD national registry between January 1, 2002, and
December 31, 2008. The details of the registry have been described previously.9,10

Participation in this registry is voluntary and requires hospitals to submit clinical
information on consecutive patients hospitalized for CAD using an online, interactive case
report form and Patient Management Tool (Outcome Sciences, Inc, Cambridge, MA).
Participating hospitals represent all regions of the country, including rural and urban settings
and academic and community-based centers. Outcome Sciences, Inc, serves as the data
collection and coordination center for GWTG. The Duke Clinical Research Institute (DCRI)
serves as the data analysis center and has institutional review board approval to analyze the
aggregate deidentified data for research purposes.

In the current study, patients with known CAD, MI, percutaneous coronary intervention,
coronary artery bypass graft surgery, stroke, transient ischemic attack, or peripheral artery
disease (n = 106,051) and those not presenting with an acute MI (n = 68,880) or with
inconsistent data on diagnosis of non–ST-segment elevation MI (NSTEMI) versus ST-
segment elevation MI (STEMI) (n = 725) were excluded. The final study cohort consisted of
100,884 patients without known cardiovascular disease presenting with first episode of MI
at 408 hospitals (204 sites 2002-2003, 329 sites 2004-2006, 195 sites 2007-2008).

Measures
The primary measure of interest was a high-risk factor profile, defined as the presence of ≥3
of 6 traditional cardiovascular risk factors (age >45 years for men or >55 years for women,
male sex, diabetes mellitus [DM], hypertension, hyperlipidemia, and tobacco use). Reported

Shah et al. Page 2

Am Heart J. Author manuscript; available in PMC 2015 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



medical history defined the presence of DM, hypertension, and hyperlipidemia, whereas use
of tobacco within the past 12 months defined tobacco use. Secondary measures of interest
included a high modifiable risk factor profile, defined as ≥2 of 4 modifiable risk factors
(DM, hypertension, hyperlipidemia, and tobacco use), and each individual risk factor.
Primary and secondary measures were stratified by presentation of NSTEMI versus STEMI.
All risk factors were collected since 2002, with the exception of hyperlipidemia, which was
collected starting in 2003.

Statistical analyses
Baseline characteristics were compared across the 3 periods, 2002 to 2003, 2004 to 2006,
and 2007 to 2008, in the NSTEMI and STEMI cohorts. Median (25th-75th percentiles) and
percentages were reported to describe the distribution of continuous and categorical
variables. Cochran-Mantel-Haenszel test with nonzero correlation statistic was used for
continuous variables, and Cochran-Mantel-Haenszel test with row mean score statistic, for
categorical variables. Logistic regression analyses were performed for binary variables, and
regression analyses, for continuous variables. Generalized estimating equations were used to
account for within-hospital clustering, and variables in the model included calendar year,
patient groups (NSTEMI vs STEMI), and the interaction between calendar year and patient
groups. For the modifiable risk factors, multivariable logistic regression analyses were
performed with adjustment variables, age and gender, included in the regression model. The
interaction term was tested to evaluate whether the time trend on risk factor differs between
NSTEMI and STEMI cohorts.

All statistical analyses were performed using SAS version 9.2 (SAS Institute, Cary, NC). All
P values were 2 sided, with P < .05 considered statistically significant.

Dr Shah received the AHA Young Investigator Database Seed Grant in support of the data
analysis presented and was partially funded by an NIH/NHLBI grant (T32HL098129 in
2012; UL1 TR000038 in 2013). Data analysis was performed by the GWTG Data
Coordinating Center at the DCRI. The authors are solely responsible for design and conduct
of this study, all study analyses, and drafting and editing of the manuscript, and its final
contents.

Results
Study population

Over time, 20.3% of the cohort (n = 20,465) presented between 2002 and 2003; 52.3% (n =
52,763), between 2004 and 2006; and 27.41% (n = 27,656), between 2007 and 2008. Of the
100,884 patients in the total cohort, 36.9% (n = 37,265) presented with an STEMI, and
63.1% (n = 63,619), as an NSTEMI.

Baseline characteristics
Baseline characteristics, stratified by type of MI and time of presentation (2002-2003,
2004-2006, 2007-2008), are shown in Table I. In the NSTEMI cohort, patients with a first
manifestation of cardiovascular disease were of similar median age from 2002 to 2008
(median 67, 66, and 66 years, P = .11). However, when categorized by gender-stratified age
thresholds traditionally used in the risk factor definition, the proportion of men >45 years
old and women >55 years old decreasedslightly over time (87.5%-86.1%, P = .0003). In the
STEMI cohort, patients with a first manifestation of cardiovascular disease were younger
from 2002 to 2008 (median age 61 years, 60 years, 59 years, P < .0001) and demonstrated a
similar trend when categorized by gender-stratified age thresholds (83.9%-81.7%, P = .
0001).
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Evaluation of metabolic profile showed that the prevalence of obesity (BMI ≥30 kg/m2)
increased over time in both the NSTEMI (33.0%-37.4%, P < .0001) and STEMI
(32.8%-36.5%, P < .0001) cohorts. In the current study, data on lipid profile was missing in
almost one-third and one-fourth of the NSTEMI and STEMI cohorts, respectively, in each
period. However, of the data available, the median low-density lipoprotein (LDL)
cholesterol level decreased 4 mg/dL over the period of the study, from 106 (83-133) mg/dL
to 102 (78-129) mg/dL (P < .0001) in the NSTEMI cohort, and only 2 mg/dL, from 108
(85-135) to 106 (82-131) mg/dL (P = .0004) in the STEMI cohort. Similarly, the median
high-density lipoprotein (HDL) cholesterol level decreased 2 mg/dL (39 [32-47] mg/dL to
37 [31-46] mg/dL, P < .0001) and 3 mg/dL (39 [32-47] to 36 [30-44] mg/dL, P < .0001) in
the NSTEMI and STEMI cohorts, respectively.

Traditional cardiovascular risk factors
The proportion of patients with ≥3 traditional cardiovascular risk factors decreased over
time in both the NSTEMI and STEMI cohorts (Figure 1). The number of traditional
cardiovascular risk factors present is also evaluated by year (online Appendix
Supplementary Table).

The traditional cardiovascular risk factors evaluated individually by year are presented in
Figure 2. In the NSTEMI cohort, with the exception of hyperlipidemia, the proportions of
patients with the individual risk factors have decreased since 2002. In the STEMI cohort, the
proportions of patients with the risk factors of age, DM, and hypertension also decreased
since 2002, but the proportions of men and tobacco users increased over time.

Modifiable cardiovascular risk factors
The proportion of patients with ≥2 modifiable risk factors also decreased over time in both
the NSTEMI and STEMI cohorts (Figure 3). The time trend of modifiable risk factors
adjusted for age and gender is presented in Table II. Similar to the unadjusted trends, the
proportion of patients with a history of DM and hypertension decreased over time in both
cohorts, with the magnitude of decrease greater in the STEMI cohort. However, after
adjusting for age and gender, the proportion of patients with a history of hyperlipidemia
remained the same over time in the NSTEMI cohort and marginally decreased in the STEMI
cohort. The proportion of tobacco users decreased over time in both cohorts.

Discussion
In this large analysis of patients without known cardiovascular disease presenting with an
MI, we demonstrated that the proportion of patients with multiple cardiovascular risk factors
decreased over time. After adjustment for age and gender, we found a significant but small
decrease over time in patients with a history of DM, hypertension, and tobacco use.

Over time patients without a known history of cardiovascular disease presenting with an MI
demonstrate a progressively younger profile. This is counterintuitive as the prevalence of
DM and hypertension has been reported to be lower in younger patients presenting with MI.
An analysis of 122,458 patients from 14 randomized clinical trials similarly showed a
decreasing prevalence of DM and hypertension as age groups decreased from 66 to 75 years
to ≤45 years of age in patients presenting with NSTEMI and STEMI.11 However, 1 study
did note an inverse association between age and number of CAD risk factors in patients with
first MI.12 In our study, the decreasing trend of DM and hypertension over time remained
present even after adjustment for age and gender. Whether this accurately reflects a low
prevalence or is secondary to undiagnosed disease remains uncertain. The prevalence of
metabolic risk in the form of DM and prediabetes is rapidly rising in the United States.13,14
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While DM affects >24 million Americans, another 57 million are classified as having
prediabetes.15

In the present study, prevalence of obesity increased over time, consistent with other reports.
An analysis of the National Health and Nutrition Examination Survey (NHANES)
demonstrates obesity in more than one-third of the adult population, and a subsequent
analysis of the same database showed no increase in physical activity levels over the past 10
years.16,17 Together, these NHANES findings may explain the decrease in HDL cholesterol
observed in the current report. With a rise in obesity and persistent trend for a sedentary
lifestyle, it further seems unlikely that the overall prevalence of DM has truly decreased over
time.18 Given the younger age at time of presentation, it is more likely that these patients
have some degree of glucose intolerance and fit the criteria for prediabetes rather than DM.

Alternatively, the Health, Aging, and Body Composition Study lends support to
unawareness of a diagnosis of DM with the condition being undiagnosed in almost one-third
of participants.19 A review of the literature demonstrates hyperglycemia in up to 20% of
patients without a diagnosis of DM presenting with MI.20 Furthermore, a prospective study
of patients without a history of DM presenting with MI and an admission glucose level of
<200 mg/dL found 35% with impaired glucose tolerance and 31% with DM after formal
testing.21

Similarly, data from the NHANES showed only 23% of people with elevated blood pressure
were treated with antihypertensive medications.22 Although an elevated blood pressure in 1
sitting does not constitute a diagnosis of hypertension, the proportion of people with true
hypertension unaware of their diagnosis may not be insignificant. Certainly, primary care
physicians have a higher threshold to diagnose and treat hypertension than recommended
guidelines supporting the possibility of a higher prevalence of unawareness of the condition
in younger patients.23

The diagnosis of hyperlipidemia did not decrease over time. As the body of evidence linking
lower LDL cholesterol levels to decreased long-term mortality grows, more stringent cut-
offs have been used to define hyperlipidemia.24,25 Although the third report from the
National Cholesterol Education Program recommended optimal LDL cholesterol levels of
≤100 mg/dL in patients with CAD, there have been increasing data to support a lower
threshold of ≤70 mg/dL.26 This trend has also extended to healthy men and women who
demonstrate a higher risk of developing CAD as more recent data suggest improvement in
rate of first long-term major adverse cardiovascular event on long-term follow-up with lipid-
lowering therapy.27

In the current report, levels of LDL cholesterol decreased, consistent with data from the
NHANES between 1988 and 2010.28 This is likely due to the relatively increasing diagnosis
of hyperlipidemia and initiation of lipid-lowering therapy aimed at decreasing LDL
cholesterol levels before presentation. Although there are insufficient data on medication use
before admission in the current report, the same analysis of NHANES shows a significant
increase in the proportion of age-adjusted adults on lipid-lowering therapy and, therefore,
the proportion of adults with a diagnosis of hyperlipidemia from 1988 to 2010.28 The
increase in proportion of adults on lipid-lowering therapy increased even more over time in
those aged ≥50 years.28 The NHANES data between 1999 and 2006 further demonstrate
significant increases in adults who had their lipid profile evaluated and reported being told
that they had hypercholesterolemia.29

Of all the risk factors, tobacco use is one of the major preventable causes of cardiovascular
disease. Tobacco use increases the risk of first MI by nearly 3-fold due to associated
impairment of endothelial function, prothrombotic effects, and increased oxidative
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stress.30-35 Since California first implemented a state-wide smoking ban in 1998, 26 more
states have implemented similar bans, and 12 other states have implemented partial smoking
bans with the hope that not only will risks associated with second-hand smoke decrease, but
also the number of smokers will decrease over time.36 In our study, after adjustment for age
and gender, we observed a decrease in the proportion of tobacco users presenting with
NSTEMI and STEMI. A large analysis of patients with CAD demonstrates a nearly 10-year
decrease in age associated with tobacco use highlighting the strong association between age,
tobacco use, and presentation of CAD.11

Few studies have evaluated the clinical risk factor profile of patients with a first episode of
MI. One 30-year perspective of 8,898 patients hospitalized with an initial MI in a
metropolitan area demonstrated increasing unadjusted prevalence of DM and hypertension
and decreasing unadjusted rate of tobacco use over time from 1975 to 2005.37 Although this
population was older over time, a subgroup analysis demonstrated an increase in the
proportion of patients diagnosed with STEMI in the 1,703 patients <55 years old.37,38 This
younger subgroup, however, also demonstrated increasing unadjusted prevalence of obesity,
DM, and hypertension over time. Another registry from Denmark of 92,164 patients
presenting with a first MI demonstrated similar increases in the unadjusted prevalence of
DM but no real change in the age profile between 1997 and 2009.39 In contrast to the current
report, prior cohorts are from 1 geographic location and have evaluated trends over longer
periods dating back to when primary prevention guidelines were almost nonexistent. Other
large national reports have not specifically evaluated first MI populations.40

Limitations
There are several limitations to this study. First, this is a retrospective analysis of a
prospective registry. Data were collected by chart review and dependent on the quality and
accuracy of that collection. As such, data on the risk factors presented are based on a
provided history. Medication use before admission was not collected until late 2006 and,
therefore, not available in almost 80% of the cohort. Similarly, blood pressure and
hemoglobin A1c data are not available in >70% of the cohort. Fasting blood glucose levels
and information on whether patients had regular visits to a physician in the years before
presentation were not collected. Second, there are many potential sources of selection bias.
Participation in the registry is voluntary, and the patients in the GWTGCAD registry may
not be representative of all patients with first MI in the United States. The findings may have
been influenced by hospitals joining or leaving the registry over the study period. There is
also a survival time bias as the observations noted in the current study only pertain to
survivors who arrive to a hospital. Third, family history of premature CAD, a traditional
cardiovascular risk factor, was not collected. Finally, given the lack of blood pressure data
and missing lipid data in approximately 25% of the cohort, a more specific scoring system,
such as the Framingham risk score, could not be examined.

Conclusions
The prevalence of a concurrent history of risk factors such as DM, hypertension, and
tobacco use has slightly decreased over time in an age- and gender-adjusted population,
whereas the prevalence of hypercholesterolemia has overall remained the same. This
discrepancy may reflect a different degree of evaluation, diagnosis, and treatment of these
cardiovascular risk factors. The current analysis suggests small temporal trends in risk
factors; however, more comprehensive data regarding implementation of primary prevention
measures are needed in the MI population to gain a better understanding of where the
disparities in the modification of cardiovascular risk factors and prevention of
cardiovascular disease lie.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Time trend of proportion of patients with ≥3 traditional cardiovascular risk factors in the
NSTEMI and STEMI cohorts (significance presented as P value for trend).
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Figure 2.
Time trend of the proportion of men age >45 years or women age >55 years (A), men (B),
patients with DM (C), patients with hypertension (D), patients with hyperlipidemia (E), and
smokers (F) in the NSTEMI and STEMI cohorts (significance presented as P value for
trend).
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Figure 3.
Time trend of proportion of patients with ≥2 modifiable cardiovascular risk factors in the
NSTEMI and STEMI cohorts (significance presented as P value for trend).
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Table I

Baseline characteristics

NSTEMI STEMI

2002-2003
(n = 12,945)

2004-2006
(n = 33,671)

2007-2008
(n = 17,003) P 

* 2002-2003
(n = 7520)

2004-2006
(n = 19,092)

2007-2008
(n = 10,653) P 

*

Age (y) 67 (56-78) 66 (55-78) 66 (55-78) .11 61 (52-73) 60 (51-72) 59 (51-70) <.0001

Age >45 y (men) or >55
y (women) (%)

87.5 87.0 86.1 .0003 83.9 83.0 81.7 .0001

Male sex (%) 60.1 58.9 55.2 <.0001 67.1 67.5 67.4 .0001

Body mass index (kg/m2) 27 (24-32) 28 (24-32) 28 (24-32) <.0001 27 (25-31) 28 (25-31) 28 (25-32) <.0001

Obesity (%) 33.0 34.6 37.4 <.0001 32.8 33.5 36.5 <.0001

Race (%) <.0001 <.0001

    White 75.5 72.4 74.6 76.8 74.3 76.4

    Black 6.2 7.2 7.8 5.4 5.9 5.8

    Hispanic 7.9 8.2 5.8 6.9 7.9 6.2

    Asian 3.1 3.7 4.2 3.1 3.4 3.0

Insurance payors (%) <.0001 <.0001

    Medicare 44.5 32.3 35.8 34.2 23.9 24.3

    Medicaid 3.9 6.9 5.7 3.2 5.4 4.7

    Other 28.4 50.0 44.5 32.9 53.2 49.0

    None 4.3 9.3 6.6 7.6 15.6 11.9

Medical history (%)

    Hypertension 68.2 66.3 63.1 <.0001 62.2 57.0 52.1 <.0001

    Hyperlipidemia 22.9 46.0 41.1 <.0001 23.3 44.1 37.1 <.0001

    DM 33.1 31.0 26.6 <.0001 27.3 24.0 19.4 <.0001

    Heart failure 13.2 13.4 8.5 <.0001 8.1 6.6 3.1 <.0001

    Renal insufficiency 9.8 8.6 6.0 <.0001 5.5 4.2 2.0 <.0001

    None 10.8 11.7 16.9 <.0001 16.3 19.4 27.5 <.0001

Tobacco use (%) 30.4 29.9 29.8 .292 40.2 41.9 42.5 . 003

LDL cholesterol (mg/dL) 106 (83-133) 103 (80-130) 102 (78-129) <.0001 108 (85-135) 106 (83-133) 106 (82-131) .0004

HDL cholesterol (mg/dL) 39 (32-47) 37 (30-46) 37 (31-46) <.0001 39 (32-47) 36 (30-44) 36 (30-44) <.0001

Triglycerides (mg/dL) 130 (89-193) 125 (86-186) 120 (83-179) <.0001 128 (90-190) 126 (87-186) 126 (85-183) .0100

Ejection fraction <40%
(%)

16.9 17.5 17.1 <.0001 21.0 21.3 21.4 <.0001

Continuous data are presented as median (interquartile range).

*
Trend was tested using Cochran-Mantel-Haenszel with nonzero correlation statistic and with row mean score statistic for continuous and

categorical variables, respectively.
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Table II

Time trend (per 1 year) for modifiable cardiovascular risk factors after adjusting for age and gender

Cohort Odds ratio 95% CI P Interaction P value

DM
* NSTEMI 0.93 0.92-0.95 <.0001 .02

STEMI 0.91 0.89-0.93 <.0001

Hypertension
* NSTEMI 0.96 0.94-0.98 <.0001 .002

STEMI 0.93 0.91-0.95 <.0001

Hyperlipidemia
† NSTEMI 1.00 0.98-1.03 .73 .001

STEMI 0.96 0.93-1.00 .04

Tobacco use
* NSTEMI 0.97 0.96-0.98 <.0001 .23

STEMI 0.98 0.96-0.99 .01

*
Examined from 2002 to 2008.

†
Examined from 2003 to 2008.
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