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Abstract

There has been a remarkable decline in the incidence of myocardial
infarction (MI) for the past several decades. However, scant data
are available on whether this decline has increased, diminished,
or remained stable in recent years. Using the Myocardial Infarction
Data Acquisition System (MIDAS), a statewide database of all
cardiovascular hospital admissions in New Jersey, we identified
168,966 patients with a primary diagnosis of MI. We examined
time trends in incidence from the year 2000 to the year 2014. A
steep decline in Ml incidence was observed in all age groups with
an overall decline of 30.2% over the period. The decline was seen
in all age groups but was most pronounced in the 80-84 age group.
Hispanics had the greatest decline followed by whites and finally
blacks. Males had a greater decline than females. The decline was
seen to level off after 2008. This remarkable pattern of incidence
decline may be related to the increase in use of interventional and
pharmacological therapies that plateaued after 2008. In conclusion,
this study shows a decline in Ml incidence that leveled off after
2008.
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Introduction

Although the incidence of a Myocardial Infarction (MI) has
declined in recent years [1-6], MI remains an important cause of
morbidity and death with an American having an MI nearly every
40 seconds.

The annual incidence of new MIs was 605,000 in 2018 with 200,000
recurrent attacks and about 14% of persons who have an MI will die
from it [7]. The age-adjusted hospitalization rate for MI in the US
was 215 per 100,000 persons from the years 1979 to 1981, increased
to 342 in the years 1985 to 1987, stabilized for the next decade, and
declined thereafter 1996 to 242 per 100,000 during the period from
2003 to 2005 [8]. Data from the Cardiovascular Research Network
for the period of 2000 to 2008 showed a decline in incidence from
230.5 to 168.6 per 100,000 person-years corresponding to an annual
decline of 3.8% [9]. Krumholz and associates reported that the rates
of hospitalization for MI had declined significantly across all age, sex
and race groups, from 1283 to 801 per 100,000 person-years, between
the years of 1999 and 2011 for an adjusted annual decline of 4.6%
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[10]. An analysis of the Atherosclerosis Risk In Communities (ARIC)
data showed that in addition to the lower incidence, the severity of
incident hospitalized MI had declined over a 16-year period from
1987 to 2002 [11]. The authors speculated that this decline in severity
might have contributed to the decrease in the Coronary Heart Disease
(CHD) death rates. However, as most of these reports indicate scant
data are available on whether this decline in MI incidence in the
general population has increased, diminished, or remained stable in
recent years.

The purpose of this study was to examine the trends of first MI
hospitalizations in the years of 2000-2014 in New Jersey, overall and
separately in the different gender, race/ethnicity and age groups.

Methods

The present study uses data from the Myocardial Infarction Data
Acquisition System (MIDAS) dataset from 2000 to 2014. MIDAS is
a database of all hospitalizations for cardiovascular diseases in New
Jersey (we did not access all available info) since the late 1980s. It
includes all records with a primary diagnosis of MI (International
classification of Diseases, Ninth Revision (ICD-9) codes 410.0
to 410.9), Ischemic Heart Disease (ICD-9 410-414), Congestive
Heart Failure (ICD-9 428), cerebrovascular disease (ICD-9 430-
438) and diseases of arteries, arterioles, and capillaries (ICD-9 440-
449). MIDAS includes data on New Jersey residents that may have
died in the US out of state. The database also contains basic socio-
demographic clinical data on cardiovascular diseases and other
coexisting conditions such as invasive cardiac procedures performed
on inpatients. Data on deaths are obtained from the New Jersey death
registration files and linked to the MIDAS records using automated
record linkage software [12]. Persons younger than 40 or older than
84 years of age were excluded from this analysis because of small
sample size. The diagnosis of acute MI in hospitalized patients has
been validated previously using a random sample of medical charts of
MI hospitalizations in New Jersey [13,14].

Data was age, sex and race adjusted to the 2010 Census limited
to those aged 40 to 84. The gender outcomes were adjusted for age.
This study focuses on trends of MI incidence. Statistical analysis
was performed using R software [15]. Subjects having their first MI
documented in MIDAS including primary or secondary diagnosis for
admission or dying of CHD (ICD-9 codes 410-11, 413-14) without a
prior MI in MIDAS were considered incident MI cases. Subjects with
a previous diagnosis of MI (ICD-9 code 410) within the previous 10
years of the incident case in the MIDAS database were considered to
have had a recurrent ML

The study was approved by the Rutgers New Brunswick/
Piscataway Institutional Review Board. MIDAS was approved by the
Rutgers New Brunswick/Piscataway Institutional Review Board and
by the New Jersey Department of Health Institutional Review Board.

Results

Characteristics

A total of 168,966 MI subjects were discharged from New Jersey
hospitals between the years of 2000 and 2014. Males made up 61.6%

e
SciTechnol

__/J interational Publisher of Science,
Technology and Medicine  ;

All articles published in International Journal of Cardiovascular Research are the property of SciTechnol, and is protected by
copyright laws. Copyright © 2020, SciTechnol, All Rights Reserved.



Citation: Tuppo EE, Trivedi MP, Daevmer J, Cabrera J, Kostis JB, et al. (2020) Trends in Hospitalization Rates for A First Myocardial Infarction In New Jersey

2000-2014. Int J Cardiovasc Res 9:3.

of the study population and whites made up 71.4%. Persons 65 years
of age or older accounted 54.7% of the study population with the
80-84 age group making up the largest single age segment at 14.7%
(Table 1).

Changes in incidence

As shown in Table 2 the adjusted incidence rate of first MI by
gender, race/ethnicity and 5-year age group. There was an overall
decline of 30.2% in the incidence rate of first MIs from the year 2000
to 2014 (Figure 1). A steeper decline in MI incidence was observed
in the older age groups and was most dramatic at ages 80-84, where
the incidence rate decreased from 1233 per 100,000 in 2000 to 778
per 100,000 in 2014, a 36.9% decline (Figure 2). This was followed by
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the 75-79 age group, where the incidence rate dropped from 926 per
100,000 in 2000 to 599 per 100,000 in 2014 for a decline of 35.4%. The
percent decline became progressively smaller with decreasing age so
that at 40-44 it was only 3.1%, from 69 to 66 per 100,000. In the age
groups older than 44, the decline occurred mainly between the years
2000 and 2008 showing an average yearly decline of 3.3% but after
2009 the rate of decline dropped to less than 0.4% per year. Males
and females had similar patterns of decline in MI incidence, but
females started with much lower rates and declined somewhat less, so
that the male excess incidence narrowed modestly over the 15 years
(Figure 3). The decline in whites at 28.6% was than in blacks (13.9%)
so that the black-white disparity expanded over the study period
(Figure 4). Hispanics had the biggest improvement with a decline

Table 1: First Ml incidence in total, by sex, race/ethnicity and 5-year age group. New Jersey 2000-2014.

Year 2000 2001 2002 (2003 2004 2005 2006 2007 2008 2009 (2010 2011 2012 (2013 2014 |15Yr Total %of Total
Total 13108 12782 13089 [12459 [11681 10980 10703 10211 10531 10302 10467 10368 10805 |10581 |10899 168966 100.00%
Male 7991 |7715 |7946 (7546 7017 6676 6520 6306 6468 6497 6518 6593 6706 (6731 6843 |104073 61.60%
Female 5117 5067 5143 4913 4664 4304 (4183 3905 (4063 3805 3949 |[3775 |4099 (3850 4056 64893 38.40%
White 10052 9589 9237 |8644 |8176 8116 7929 7261 (7483 7319 (7425 7216 7453 |7300 |7393 120593 71.40%
Black 1125 (1122 1081 [1067 983 1060 1047 (1076 (1129 1172 1207 |1250 (1380 (1239 (1326 17264 10.20%
Hispanic (851 1100 1336 (1029 994 922 825 892 850 860 950 974 939 953 999 14474 8.60%
Other 1080 971 1426 1714 1524 882 902 969 1069 951 885 928 1033 1089 1181 |16604 9.80%
40-44 486 492 515 503 483 458 448 404 393 435 432 386 415 414 403 6667 4.00%
45-49 775 793 870 856 821 767 784 762 799 772 776 773 747 744 733 11772 7.00%
50-54 1185 1122 1185 1152 1087 |993 1088 1035 (1078 1106 (1074 1113 1137 1136 1202 16693 9.90%
55-59 1364 1357 1507 1413 1331 (1293 (1294 [1265 (1228 |1274 1348 1283 1416 1378 1429 |20180 11.90%
60-64 1442 1403 1450 (1457 1380 [1273 |1348 1283 (1354 [1357 |1400 1497 1504 1524 1503 |21175 12.50%
65-69 1629 1545 1641 [1446 1361 (1285 1222 1197 1310 1264 (1346 1342 1506 1500 1546 21140 12.50%
70-74 1981 1890 1862 |1712 [1546 1448 1319 1272 1261 1249 1211 1235 1305 1355 1436 22082 13.10%
75-79 2228 2195 2056 (1964 1835 1669 1640 1472 1501 1377 1357 1293 1271 1244 1322 24424 14.50%
80-84 2018 1985 2003 1956 1837 1794 1560 1521 1607 |1468 1523 1446 1504 1286 1325 24833 14.70%
Table 2: Adjusted rates of first Ml per 100,000 by gender, race/ethnicity and 5-year age group. New Jersey 2000-2014.
Year Total |Male Female White Black | Hispanic 40-44 45-49 |50-54 | 55-59 |60-64 (6569 (70-74 75-79 80-84
2000 3649 507.2 246.1 352.2 3227 3614 68.5 126.1 2142 |319.8 4343 |557.2 7043 9259 1233
2001 351.3 4839 238.9 335 313.3 |458 68.2 1257 1959 309.9 415 533.1 |678.8 918.1 1173.5
2002 |356.1 487.8 243.6 322.1 291.8 |520.1 70.9 1336 209.8 (319.9 4151 5674 |679.7 861 1157.4
2003  |334.4 456.7 229.6 299.8 287.4 368.8 69.2 128.1 202.6 2931 3947 4944 637.8 8264 |1118
2004 310 418.2 215.6 283.3 255 332.6 66.4 120.1 187.5 2671 |363.1 458 589.4 |782.4 1030.2
2005 289 393.5 199.9 281.2 2716 287.2 63.6 110.3 167.9 |249.7 328 4271 5627 |719.6 1005.5
2006 2804 378.8 194.5 276.8 265 244 63.3 111.3 179.7 2418 3393 401.7 5179 716 880.5
2007 |264.4 3614 180.2 252.6 2655 254.8 58.5 107.8 165.8 |240.1 299.8 |380.7 |500.7 |652.6 858.3
2008 |269.2 364.8 186 259 2752 2314 58.5 1129 1676 |230.5 308.9 [3939 489.9 |677.6 |906.6
2009 |259.7 358.6 172.7 253.2 2764 217.2 66.5 108.8 168.2 2334 297.3 |367.6 (4755 |630.2 832.1
2010 259 353.4 176.8 254.7 2775 2309 66.7 110.3 1585 |236.4 289.2 |380.4 4632 6314 (848.9
2011 253.1  351.2 167 247.2 2813 |227.2 60 111.6 162.4 2186 2982 3674 (4623 6059 8104
2012 |259.8 351 179.5 254.4 3045 208.8 65.5 109.9 1651 2335 3021 |382.1 |469.5 |595.7 852.2
2013 |250.6 346 166.5 249.1 263.3 2028 66.7 112 164.8 2211 3015 369 459.6 |573.8 7417
2014 |254.8 346.3 173.5 251.4 2779 2023 66.4 1129 1744 2245 290.3 |366.4 471 598.5 |777.6
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Figure 1: Adjusted incidence rate of first MI.
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Figure 2: Adjusted incidence rate of first Ml by 5-year age group.
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Figure 3: Adjusted incidence rate of first Ml by sex.
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Figure 4: Adjusted incidence rate of first Ml by Race.
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in MI incidence of 44.0%, though inaccuracies or changes in the
way ethnicity was coded on hospital admission or in the underlying
population estimates are possible.

Discussion and Conclusion

This study provides evidence that there was a continuing decline
in MI incidence, from 2000-2008, a change that may not have been
due to invasive cardiac treatments alone. Thus, this study provides
evidence for the value of lifestyle changes including lowering of the
percentage of persons who smoke and pharmacological control of
CHD risk factors such as hypercholesterolemia and Hypertension
(HTN). However, this decline leveled off after 2008 and this may be
related to the increase of the rate of cardiac risk factors such as obesity
and Diabetes Mellitus (DM).

The average age of a first MI is 65.6 for males but is six years older
at 72.0 for females [7]. For MI, 28.4% of hospital stays for people 45
to 64 years of age were for women, but this increased to 63.7% of
stays for those 85 years of age or older. For women 55 years of age
and younger, hospitalization rates for acute MI increased from 2000
to 2009 [16]. Towfighi and associates reported hospitalization rates
among patients aged 35 to 64 years old from 1997 to 2006 declined
in both genders but the decline was greater in men than in women
[17]. The incidence of acute MI has been shown to be increasing in
younger women and they have greater in-hospital, early and late
mortality when compared to men [18]. An analysis of data from the
Variation in Recovery: Role of Gender on Outcomes of Young Acute
MI Patients (VIRGO) cohort study of men and women 55 years or
younger hospitalized for acute MI showed that women with acute
MI had higher rates of risk factors such as cardiovascular disease
and comorbidities such as DM, congestive heart failure, chronic
obstructive pulmonary disease, renal failure, and morbid obesity
than men [19]. These same women also exhibited lower physical and
mental health status than men along with higher levels of depression
and stress and lower quality of life. Gupta and associates reported
acute MI hospitalization rates and in-hospital mortality for patients
with acute MI across 30-54 age groups from the years 2001 to 2010
showed no decline in hospitalization over the time period for either
men or women but women had higher comorbidities and in hospital
mortality than men [20]. Bucholz and associates reported that males

had a greater rate of first MIs than females but they also had a greater
decline in the incidence of MI than did females over the study period
[21]. Blacks had a higher incidence of MI in all age groups [7] and
a slower decline in CHD and MI incidence [1,22,23]. The same is
true for black females when compared to white females [23]. A study
showed that white men experienced a 24% decrease in hospitalized
MI rates from 2002 to 2007, whereas black men experienced a decline
of only 18% [24]. Another study looking at acute MI hospitalization
in a Medicare population showed that while there was a decline
across races over a 10-year period, from 2002 to 2011, the decline
was greater for Whites than for Black [25]. Whites had a decline of
36.6% in hospitalization rates for an annual decline in of 5.1% while
blacks had a smaller decline of 26.4% for an annual decline of 3.4%.
A study using data from the Cooperative Cardiovascular Project,
survival and life expectancy after acute MI were higher in whites
than in blacks, 7.4% versus 5.7% [26]. Blacks were found to be less
likely to undergo invasive procedures compared with white men [27].
Our study shows that Hispanics had the biggest improvement with
a decline in MI incidence followed by whites and finally by blacks.
Hispanics had the highest rate of MI in 2000 but by 2014, they had
the lowest rate of the racial groups. This may indicate that we are
doing a better job of diagnosing and treating CHD in the Hispanic
population. All age groups showed a decline in MI incidence but this
was most pronounced in the older age groups.

A lack of further decline in MI incidence was seen in all groups
after 2008-2009. This is a disturbing finding that may indicate a
slowdown in rates of decline in CHD mortality [28,29]. The reasons
for this are not well understood but we speculate that this may be due
to the plateauing in the use of interventional and pharmacological
therapies seen after 2008-2009 and/or by the increase in the rate of
cardiovascular risk factors. Although risk factors such as smoking
rates [30] and hypercholesterolemia [7] have declined during the
study period, there has been an increase in HTN [7], DM [31,32]
and obesity [32,33] in the population. At the same time cardiac
interventions such cardiac catheterization, percutaneous transluminal
coronary angioplasty and coronary artery bypass grafting showed a
decline [7].

Limitations of this study include the fact that out-of-state
deaths of present and former New Jersey residents may be missing,
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marginally reducing the incidence rates shown, but this should be
ameliorated since MIDAS includes records of New Jersey residents
who died outside of the state but not of those who died outside the
US. Data on former New Jersey residents living in other states with
CHD who did not die maybe missing. A possible limitation maybe
the misclassification of racial identity of patients in the hospital
versus the census, which might distort rates calculated for Hispanics.
Another limitation is the exclusion of Veterans Administration (VA)
hospital data from the MIDAS study. The VA operates one medical
center in the state of New Jersey but since they make up a small
percentage of hospitalized persons in New Jersey (estimated to be
about 3%) and most veterans with an emergency would be taken
to the closest hospital, this is likely to be a small omission. Using
the US 2010 census to adjust data makes the assumption that
no change has occurred in the population structure under study
which may not be valid. A review of the population changes in
New Jersey between the years of 2000 and 2010 showed an increase
of 4.4% in the Hispanic population, a decline of 3.8% in the white
population and no change in the Black population. The years between
2010 and 2014 showed an increase of 1.8% in the Hispanic population,
a decline of 1.2% in the white population and no change in the Black
population. We presume that there may be over representation of
a first MI in whites and an underrepresentation in Hispanics in the
years following 2010 and vice versa before 2010 (especially in the early
years of the study). Nonetheless, we feel the change in population
before and after the US 2010 census does not alter the outcome and
the interpretation of the study.

Strengths of the study include the very large and comprehensive
database of patients with CVD, the linkage of these hospital admission
data to the New Jersey death certificate file, and the long follow-up to
15 years. Along with this and having a population racial breakdown
in New Jersey that is similar to the United States at large [34], we
believe that our study findings are generalizable to other states.

This study provides evidence that there was a continuous
decline in MI incidence from 2000 to 2008 but it leveled off after
that year. Although the oldest age groups showed the biggest decline
in incidence, the benefit was noted across all age groups. Females
had improved outcomes over the study period to close the gap in
incidence with males but more work still needs to be done for them
to reach parity.
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