EDITORIAL

Recent epidemiologic trends in the

iIncidence of myocardial infarction:
what have we learned?

“...whether Mlis are increasing or decreasing in incidence is the ultimate measure of
the success or failure of the efforts of the public health, primary care and
cardiology communities to prevent heart disease.”
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Substantial improvements in the primary and
secondary prevention of myocardial infarction
(MI) have occurred over the previous 20 years,
based on results from a number of landmark
clinical trials [1-9]. However, over the same
period the US population has become less
physically active, more obese, more often dia-
betic and older [10-12]. Understanding the net
effect of these disparate trends on the incidence
of MI is of critical importance. At the most
fundamental level, whether MIs are increas-
ing or decreasing in incidence is the ultimate
measure of the success or failure of the efforts of
the public health, primary care and cardiology
communities to prevent heart disease.

Data, data, everywhere...

The emergence of large disease-based regis-
tries and the increasing use of administrative
datasets for clinical research have led to an
explosion of highly powered studies exam-
ining a broad range of questions relevant to
clinical cardiologists. Nevertheless, the lit-
erature examining MI incidence has been
astonishingly sparse. Why? The most likely
explanation is simply that the measurement of
disease incidence is extraordinarily challeng-
ing, as it not only requires characterizing who
has the disease (the numerator), but also who
is at risk for the disease (the denominator),
rendering the vast majority of registries inca-
pable of answering such questions. As a result,
the study of MI incidence has, until recently,
been the realm of a handful of modest-sized
community-based cohorts [13-17]. However,
these cohorts have often been underpowered
and have lacked sufficient diversity to estimate
trends in the incidence of M1 in a definitive and
generalizable fashion.

Filling the void

Two recent studies have begun to fill this void
to our knowledge. The Medicare denominator
file is able to estimate the number of fee-for-
service beneficiaries in a given year. Coupling
this information with clinical information from
the Medicare Provider Analysis and Review
(MEDPAR) files, Chen et al. were able to esti-
mate annual incidence rates of hospitalized MI
between 2002 and 2007 [18]. They found that
MI hospitalizations fell from 1131 per 100,000
person-years in 2002 to 866 in 2007, a 23%
relative decline. Notably, black men and women
had slower rates of decline compared with their
white counterparts [18].

We recently published an analysis examin-
ing trends in MI incidence and outcomes in
the more than 3 million member population
of Kaiser Permanente of Northern California,
an integrated health system in the Greater San
Francisco Bay Area [19]. Kaiser Permanente
maintains monthly updated membership sta-
tistics and the vast majority of members are
either initially hospitalized within or transferred
to a health plan facility, allowing for accurate
estimates of disease incidence. Between 1999
and 2008, we found a 24% decline in the inci-
dence of M1, coinciding with steep rises in the
use of outpatient medications such as statins
and beta blockers. Importantly, we were able
to separately characterize trends for ST- and
non-ST-elevation MI and found an impressive
62% fall in ST-elevation MI incidence over the
study period.

Disentangling the results

What are we to make of these findings? First,
interpreting their meaning is particularly chal-
lenging in light of changes in the definition of MI
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and the increasing use of highly sensitive cardiac
biomarkers that have occurred during the time
periods studied. Within Kaiser Permanente,
only 53% of patients diagnosed with MI had
troponin [ assessed in 1999, compared with 84%
in 2004. As a result, presentations that would
have been diagnosed as unstable angina previ-
ously have undoubtedly been diagnosed as MI
in more recent years. It follows that reductions
in MI incidence noted in both the Medicare
and Kaiser Permanente populations likely are an
underestimation, particularly with regard to non-
ST-elevation MI. In this way, prevention efforts
may have, in fact, been more successful than
implied by the observed rates of decline in MI.
The flip side of this coin, however, is that MIs
diagnosed today are, on average, less severe than
they once were, confirmed by declines in median
biomarker elevations associated with infarcts over
time [19,20]. Studies that have attributed improved
outcomes after MI to better medical management
without accounting for this fact have likely given
more credit to the medical community than we
deserve [21].

“Given the high fixed costs of
maintaining 24-h catheterization
laboratories, such declines in ST-elevation
Ml incidence should in theory decrease the
number of primary PCl centers that are
necessary in any given area.”

However, because ST-elevation MI is not typi-
cally dependent on small biomarker elevations
for diagnosis, we believe the dramatic decline in
ST-elevation MI is real. This finding has truly
profound implications for patients, hospitals
and communities. Complex and costly systems
devoted to the timely transfer of patients with
ST-elevation MI to facilities capable of perform-
ing primary percutaneous coronary intervention
(PCI) have been established throughout the
country. Given the high fixed costs of main-
taining 24-h catheterization laboratories, such
declines in ST-elevation MI incidence should
in theory decrease the number of primary PCI
centers that are necessary in any given area. As
recognition for the need to control healthcare
spending becomes more pervasive, findings such
as these will need to be included in assessing the
cost—effectiveness of our medical interventions.

Lingering questions

Both the Medicare and Northern California
studies convincingly demonstrated declines in
MI incidence in selected populations. However,
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several important questions remain. Are these
declines occurring elsewhere? Why are they
occurring? Will they continue?

“We have noted comcomitant increases in
the use of cardioprotective medications,
circumstantial evidence that their use has
effectively prevented a growth in Mlis despite
unfavorable trends in obesity and diabetes.”

Whether Northern California represents a
‘generalizable’ population is a matter of debate.
No inferences can or should be made about non-
US populations from these data and certainly not
about populations in less developed nations, where
rates of cardiovascular disease are known to be
on the rise [22]. Even within the USA, significant
questions remain. A report by the CDC recently
found wide geographic disparities in cardio-
vascular death rates across the USA [23], and it is
well known that the prevalence of certain cardio-
vascular risk factors such as smoking, obesity and
diabetes differ markedly from state to state [24,25].
In examining Kaiser Permanente members, our
study was necessarily limited to the insured popu-
lation, yet at present, more than 46 million US cit
izens remain uninsured today [101]. Understanding
whether the burden of MI is increasingly and dis-
proportionately afflicting particular geographic
areas or demographic populations will be a crucial
step in promoting greater equity in the USA and
other healthcare systems.

Further characterizing the true etiology of these
trends is equally important and tremendously
challenging. To study this with individual patient
data requires complete clinical information on
not only the MI population, but also the underly-
ing at-risk population, something that few, if any,
datasets can boast of. Alternative methods such as
ecological studies may provide insight, but not a
complete explanation. Modeling approaches have
been utilized previously, yet quantifying precise
estimates for the effect of, say, statin use on the
incidence of MI outside clinical trials might seem
optimistic even with advancement in design and
analytic methods to reduce confounding and
selective bias [26].

Known knowns, known unknowns

Opverall, light has been shed on our understand-
ing of recent population trends in MI incidence
and outcomes and the findings are encouraging.
We now know that despite our enhanced detec-
tion of MlIs, their incidence is decreasing within
the Medicare and Kaiser Permanente popula-
tions. Within Kaiser Permanente, we observed

future science group



Recent epidemiologic trends in the incidence of myocardial infarction

a steep decline in ST-elevation MI incidence in
particular, a finding not previously described
and one with substantial implications for clinical
practice. We have noted concomitant increases in
the use of cardioprotective medication, circum-
stantial evidence that their use has effectively
prevented a growth in Mls despite unfavorable
trends in obesity and diabetes. Striving for a
better understanding of the etiology of these
trends and whether they are occurring similarly
in other places and populations will be some of
the important ongoing challenges in this area.
However, without this understanding pre-
dicting whether these trends will continue into
the future remains challenging. Already, there
are signals that cardiovascular disease may be

on the rebound [27]. It will be our responsibility
as researchers and clinicians to ensure that the
progress made to date continues to improve to
reduce cardiovascular morbidity and mortality
nationally and internationally.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial
involvement with any organization or entity with a finan-
cial interest in or financial conflict with the subject matter
or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or
pending, or royalties.

No writing assistance was utilized in the production of

this manuscript.

Bibliography

1

Dabhlof B, Sever PS, Poulter NR ¢z al.:
Prevention of cardiovascular events with an
antihypertensive regimen of amlodipine
adding perindopril as required versus atenolol
adding bendroflumethiazide as required, in
the Anglo-Scandinavian Cardiac Outcomes
Trial-Blood Pressure Lowering Arm
(ASCOT-BPLA): a multicentre randomised
controlled trial. Lancet 366(9489), 895-906
(2005).

Major outcomes in high-risk hypertensive
patients randomized to angiotensin-converting
enzyme inhibitor or calcium channel blocker
vs diuretic: The Antihypertensive and
Lipid-Lowering Treatment to Prevent Heart
Attack Trial (ALLHAT). JAMA 288(23),
2981-2997 (2002).

Shepherd J, Cobbe SM, Ford I ez al.:
Prevention of coronary heart disease with
pravastatin in men with hypercholesterolemia.
West of Scotland Coronary Prevention Study
Group. N. Engl. J. Med. 333(20), 1301-1307
(1995).

Downs JR, Clearfield M, Weis S et al.:
Primary prevention of acute coronary events
with lovastatin in men and women with
average cholesterol levels: results of AFCAPS/
TexCAPS. Air Force/Texas Coronary
Atherosclerosis Prevention Study. JAMA
279(20), 1615-1622 (1998).

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R,
Dagenais G: Effects of an angiotensin-
converting-enzyme inhibitor, ramipril, on
cardiovascular events in high-risk patients.
The Heart Outcomes Prevention Evaluation
Study Investigators. N. Engl. J. Med. 342(3),
145-153 (2000).

LaRosa JC, Grundy SM, Waters DD ez al.:
Intensive lipid lowering with atorvastatin in
patients with stable coronary disease. V. Engl.
J. Med. 352(14), 1425-1435 (2005).

future science group

7

)

10

11

12

13

14

Yusuf S, Zhao F, Mehta SR, Chrolavicius S,
Tognoni G, Fox KK: Effects of clopidogrel in
addition to aspirin in patients with acute
coronary syndromes without ST-segment
elevation. N. Engl. . Med. 345(7), 494-502
(2001).

Cannon CP, Weintraub WS, Demopoulos LA
et al.: Comparison of early invasive and
conservative strategies in patients with
unstable coronary syndromes treated with the
glycoprotein I1b/I11a inhibitor tirofiban.

N. Engl. ]. Med. 344(25), 1879-1887 (2001).

Montalescot G, Barragan P, Wittenberg O

et al.: Platelet glycoprotein IIb/IIla inhibition
with coronary stenting for acute myocardial
infarction. N. Engl. . Med. 344(25),
1895-1903 (2001).

Hedley AA, Ogden CL, Johnson CL,

Carroll MD, Curtin LR, Flegal KM: Prevalence
of overweight and obesity among US children,
adolescents, and adults, 1999-2002. JAMA
291(23), 2847-2850 (2004).

Mokdad AH, Serdula MK, Dietz WH,
Bowman BA, Marks JS, Koplan JP: The
spread of the obesity epidemic in the United
States, 1991-1998. JAMA 282(16),
1519-1522 (1999).

Harris MI, Flegal KM, Cowie CC ez al.:
Prevalence of diabetes, impaired fasting
glucose, and impaired glucose tolerance in
U.S. adults. The Third National Health and
Nutrition Examination Survey, 1988-1994.
Diabetes Care 21(4), 518-524 (1998).

Parikh NI, Gona P, Larson MG et al.:
Long-Term Trends in Myocardial Infarction
Incidence and Case Fatality in the National
Heart, Lung, and Blood Institute’s
Framingham Heart Study. Circulation 119(9),
1203-1210 (2009).

Goldberg RJ, Yarzebski J, Lessard D,
Gore JM: A two-decades (1975 to 1995) long
experience in the incidence, in-hospital and

www.futuremedicine.com

20

21

long-term case-fatality rates of acute
myocardial infarction: a community-wide
perspective. J. Am. Coll. Cardiol. 33(6),
1533-1539 (1999).

Arciero TJ, Jacobsen SJ, Reeder GS

et al.: Temporal trends in the incidence of
coronary disease. Am. J. Med. 117(4),
228-233 (2004).

McGovern PG, Jacobs DR Jr, Shahar E ez al.:
Trends in acute coronary heart disease
mortality, morbidity, and medical care from
1985 through 1997: the Minnesota heart
survey. Circulation 104(1), 19-24 (2001).

Roger VL, Jacobsen SJ, Weston SA ez al.:
Trends in the incidence and survival of
patients with hospitalized myocardial
infarction, Olmsted County, Minnesota,
1979 to 1994. Ann. Intern. Med. 136(5),
341-348 (2002).

Chen J, Normand SL, Wang Y, Drye EE,
Schreiner GC, Krumholz HM: Recent
declines in hospitalizations for acute
myocardial infarction for Medicare
fee-for-service beneficiaries: progress and
continuing challenges. Circulation 121(11),
1322-1328 (2010).

Yeh RW, Sidney S, Chandra M, Sorel M,
Selby JV, Go AS: Population trends in the
incidence and outcomes of acute myocardial
infarction. N. Engl. . Med. 362(23),
2155-2165 (2010).

Myerson M, Coady S, Taylor H,

Rosamond WD, Goff DC Jr: Declining
severity of myocardial infarction from 1987 to
2002: the Atherosclerosis Risk in
Communities (ARIC) Study. Circulation
119(4), 503-514 (2009).

Krumholz HM, Wang Y, Chen J ez al.:
Reduction in acute myocardial infarction
mortality in the United States: risk-

standardized mortality rates from

1995-2006. JAMA 302(7), 767-773 (2009).

625



=PIALGISTAE Go & Yeh

22 Xavier D, Pais P, Devereaux PJ et al.: characteristics: a systematic review and 27 Ford ES, Li C, Zhao G, Pearson WS,
Treatment and outcomes of acute coronary meta-regression analysis. Epidemiol. Rev. 29, Capewell S: Trends in the prevalence of low
syndromes in India (CREATE): a prospective 6-28 (2007). risk factor burden for cardiovascular disease
analysis of registry data. Lancet 371(9622), 25 Voeks JH, McClure LA, Go RC e al.: among United States adults. Circulation
1435-1442 (2008). Regional differences in diabetes as a possible 120(13), 1181-1188 (2009).

23 Greer SA NI, Capser ML: Atlas of Heart contributor to the geographic disparity in
Disease Hospitalizations Among Medicare stroke mortality: the Reasons For Geographic M \Website
Beneficiaries. US Department of Health and and Racial Differences in Stroke Study. Stroke 151 (JS Census Bureau: Income, Poverty and
Human Services, Centers for Disease Control 39(6), 1675-1680 (2008). Health Insurance Coverage in the United
and Prevention, GA, USA (2010). 26 Ford ES, Ajani UA, Croft JB ez al.: States: 2008

24  Wang Y, Beydoun MA: The obesity epidemic Explaining the decrease in U.S. deaths from www.census.gov/prod/2009pubs/p60-236.
in the United States — gender, age, coronary disease, 1980-2000. V. Engl. pdf
socioeconomic, racial/ethnic, and geographic J. Med. 356(23), 2388-2398 (2007).

626 Interv. Cardiol. (2010) 2(5) future science group f58



