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Background: Q-wave and non-Q-wave electrocardiogram (EKG/ECG) findings are proving to be
significant prognostic factors for Acute myocardial infarction (AMI) as corroborated from previous
studies has implications in patient care. Objective: To document secular changes in proportion of Q-
wave myocardial infarction (QWMI) and NQWMI hospitalizations from 1990-2006 and its correlation
with changes in demographics and co-morbidities like diabetes mellitus, hypertension and shock,
cardiac interventions like PCI and CABG and to investigate change in risk of QWMI and NQWMI
death rates from 1990 to 2006. Methods: Trend analysis of QWMI and NQWMI hospitalizations and
in-hospital death rates from 1990-2006 of 1,22,841 patients aged ≥35 years admitted for AMI of
National Hospital Discharge Survey population-based sample. Trends of QWMI and NQWMI
hospitalization and death rates, procedure rates and risk of death from QWMI and NQWMI were
documented. Results: The hospitalization rate of QWMI patients decreased from 56 for 100 AMI in
1990 and 92 to 27 for 100 AMI in 2003 and 2006, while hospitalization of NQWMI patients increased
from 25 for 100 to 56 for100 AMI. There was increasing trend in PCI procedure rates in both QWMI
and NQWMI patients while the trend for CABG procedure rates remained flat in QWMI patients
compared to slightly decreasing trends in NQWMI. Conclusions: The increasing trends of NQWMI is
in concurrence with increasing trends of diabetes mellitus and hypertension in the population,
changes in the diagnostic criteria of AMI and evolution of new treatment patterns of PCI.
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Introduction
Chronic disease is a significant burden to the society
with an estimated minimum of one quarter of the
population of the United States having at least one
chronic illness, collectively accounting for 75% of US
health care expenditures and ischemic heart disease
contributes higher per capita and national costs
among them [1, 2].

Coronary heart disease (CHD) is the principal illness
of the heart disease. The clinical spectrum of CHD
comprises of stable and unstable angina, non-ST
segment elevation myocardial infarction (NSTEMI)
and ST elevation myocardial infarction (STEMI),
which are further sub classified into QWMI and
NQWMI depending on the size or extent of
underlying MI [3] and has prognostic implications in
the management of MI. [4-6] Prior to the stent era,
there was a significant decrease in the incidence of
QWMI and increase in NQWMI [7] and as
management of MI has evolved over time with the
introduction of bare metallic stents and drug eluting
stents had shown promising outcomes over
coronary artery bypass grafting (CABG).

The short and long term outcomes are distinct for
QWMI and NQWMI. [4-7] These dissimilarities are
due to early spontaneous thrombolysis of a
complete occlusion, relief of vasospasm, rapid
healing of the underlying plaque disruption, more
extensive collateral vessels in the presence of total
occlusion and subtotal thrombotic burden in NQWMI
[4] leading to decreased hospital mortality
compared to QWMI. In contrast the long term
outcomes for reinfarction are higher for NQWMI
while mortality is same as QWMI. This discrepancy
in the outcomes is related to jeopardized heart
muscle in NQWMI and with the increasing incidence
is a matter of great concern [4].

The trends from the recent literature review
revealed declining prevalence of CHD risk factors,
incidence of CHD and stable prevalence of AMI
during the past decade in the United States, [8-10]
despite declining incidence and mortality trends for
AMI. It remains a question of public importance to
determine the trends of QWMI and NQWMI were
associated with trends of diabetes mellitus and
hypertension and treatment patterns during this
period. We also determined the trends of In-hospital
mortality rate and risk of death from AMI after
adjusting for demographics, co morbidities and
complications of myocardial infarction.

Methods
Data Sources: The National Hospital Discharge
Survey (NHDS) data from 1990 to 2006 was used in
this study. The NHDS is conducted annually by the
National Center for Health Statistics (NCHS) and is a
good source of information on inpatient hospital
utilization in the United States; calendar year 2006
was the most recent year in which complete data
were available at the time this investigation began.
The NHDS data contains information on
characteristics of inpatients discharged from non-
Federal short-stay hospitals in the United States
[11]. The NHDS collects data from a sample of
approximately 2, 70,000 inpatient records acquired
from a national sample of about 500 hospitals [12].
Only hospitals with an average length of stay not
exceeding 30 days, general hospitals or children’s
general hospitals were included in the survey.
Federal, military, and Department of Veterans
Affairs hospitals, as well as hospital units of
institutions (such as prison hospitals), and hospitals
staffed to care for less than six patients, were
excluded [13]. The NHDS survey design had
previously been described in detail. In 1988, the
NHDS was redesigned. Wherein the redesign
samples were selected from a frame of short-stay
hospitals listed in the 1987 Survey of Hospital
Market Data Base. Hospitals with the most beds
and/or discharges annually were selected with
certainty, but the remaining samples were selected
using a three-stage stratified design. The first stage
was a sample of Primary Sampling Units (PSU) used
by the National Health Interview Survey. Within
PSU’s (which are counties, groups of counties, or
county equivalents such as towns and townships),
hospitals were stratified or arrayed by data
collection types i.e. abstracting status (whether
subscribing to a commercial abstracting service) and
within abstracting status arrayed by type of service
and bed size. Within these strata and arrays, a
systematic sampling scheme with probability
proportional to the annual number of discharges
was used to select hospitals. The rates of systematic
sampling of discharges within hospitals vary
inversely with probability of hospital selection within
PSU.

Study Subjects: Subjects of both sexes, aged ≥ 35
years who were hospitalized with Acute Myocardial
Infarction as a primary diagnosis as defined by the
ICD-9 CM code (ICD-9 CM codes 410.00-410.92)
were included in this study [14].
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Study variables: The primary outcome variables
are age adjusted AMI hospitalization rate, QWMI &
NQWMI proportional hospitalization rate and AMI
mortality rate. They are examined across age
groups: 35-54, 55-64, 65-74, 75-84 and 85+, by
type of MI (QWMI vs. NQWMI), gender and year of
admission. The AMI is classified based on the size of
infarction with diagnostic codes 410.0-410.6 was
classified as representing QWMI while those with
diagnostic codes 410.7 as NQWMI.

Approximately 18% of MI patients were discharged
with other specified (410.8-410.9) discharge
diagnostic codes and were excluded from subgroup
analysis. The independent variables were calendar
year of admission, type of MI, age of patient
diagnosed with MI, gender and geographical region.
Covariates included the presence or absence of co-
morbidities, including diabetes, hypertension,
cerebrovascular disease and complications e.g.
arrhythmia, cardiogenic shock as well as the use of
cardiac procedures; catheterization, PCI, CABG up
to 30 days from the date of index admission.

AMI Hospitalization data for the period 1990-2006
were analyzed, and based on this analysis 1,22,841
hospitalization records with AMI as a primary
diagnosis were found. This was equivalent to a
weighted national estimate of 14768909
hospitalizations or cases. The unit of analysis in this
study is the “hospitalization” event, rather than the
individual person, due to the fact that a “person”
could potentially have more than one
hospitalization.

Temporal trends were stratified by demographic,
clinical and treatment characteristics in hospitalized
MI patients were studied separately by MI type
(QWMI vs. NQWMI). The study period 1990-2006
was stratified into five year groups (1990-1992,
1993-1995, 1996-1998, 1999-2002, 2003-2006)
based on the modifications of treatment for MI
during 1990-2006 and ease of presentation [15-17].
Based on the literature review from previous
studies, we identified several demographic and
clinical factors that predict the severity and
prognosis of AMI patients [18-20].

After adjusting for covariates, the risk of death was
determined using multiple logistic regression. The
variables controlled included age, gender, year
group of admission, geographical region, diabetes,
cardiogenic shock, ventricular fibrillation, atrial
fibrillation and atrial flutter.

Interventions were excluded from this analysis,
because it depends on physician preferences and
patient characteristics. These variables were
controlled based on their association with mortality
with AMI and difference in distribution of these
factors in QWMI and NQWMI.

Statistical Analysis-Descriptive analysis was
performed to determine proportions of QWMI and
NWMI stratified by year of hospitalization versus
socio-demographic characteristics, comorbidities
and cardiac interventions.

Binomial logistic regression was carried out to
determine association of year of hospitalization with
risk of death from QWMI and NQWMI. Univariate
regression analysis was carried out to determine
assumption of independence of each variable and
variables with minimum p-value of 0.25 were
selected.

Regression analysis was carried out by backward
likelihood ratio method. The fit of the model was
tested by Hosmer and Lemeshow goodness-of-fit
tests. All statistical analysis were performed by
using SAS 9.1 (SAS institute, Cary, NC).

Results
Hospitalization rate of Acute Myocardial Infarction-
The hospitalization rates of AMI during the
seventeen year period from 1990-2006, a total of
14,768,909 patients were discharged from United
States short stay hospitals with AMI as discharge
diagnosis, with or without documentation of
previous MI. We observed variation in the trends by
type of MI.

A higher proportion of patients were discharged with
diagnosis of NQWMI in later years. The
hospitalization rate of QWMI decreased by 50% in
younger age groups (less than 75 years) and by
80% in older age groups (greater than 75 years)
while NQWMI hospitalization rate increased by 2
times in younger age group 55-74 years, ≥85 years
and by 2.4 times in 35-54 and 75-84 year age
groups (Table 1). In contrast, the hospitalizations
for NQWMI were higher than QWMI in patients with
diabetes mellitus and the trends were approximately
flat in both types of MI. (Fig 1 and 2).

Table-1: Distribution of characteristics of Q-
wave and Non Q-wave myocardial infarction
hospitalizations in the United States: 1990-
2006
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HTN: Secondary Hypertension, CVD:
Cerebrovascular disease, VF: Ventricular Fibrillation,
AF: Atrial fibrillation, AFL: Atrial Flutter

CATH: catheterization, PCI: percutaneous coronary
intervention, CABG: coronary artery bypass grafting
Values are in proportions

Table-2: In-Hospital risk of death from Q-wave
myocardial infarction (QWMI) & Non Q-wave
myocardial infarction (NQWMI)

 Q-wave MI Non-Q-wave MI

Year

group

Crude

OR

Adjusted

OR

95% CI Crude

OR

Adjusted

OR

95% CI

1990-92 1 1  1 1  

1993-95 0.84 0.802 (0.79,0.8) 0.9 0.907 (0.89, 0.9)

1996-98 0.8 0.754 (0.74, 0.7) 0.907 0.893 (0.89, 0.9)

1999-02 0.71 0.641 (0.63,

0.64)

1.2 1.143 (1.12,

1.15)

2003-06 0.64 0.54 (0.53,

0.54)

1.12 0.987 (0.97,0.99)

Clinical Characteristics of MI patients: The
median age of patients with QWMI decreased from
67 years in 1990-1992 to 66 years in 2003-2006
while it increased from 71 to 73 years for NQWMI
patients.

There was little change in the age distribution of
either the QWMI or the NQWMI over the study time
period except for a sharp decrease in 65-74yr age
group and increase in 85 and over age-group in
both types of MI (Table 1). Tables 1 depicts patient
characteristics and age distribution in the 1990-
2006 weighted analysis of NHDS sample population.
The prevalence of co-morbidities like diabetes,
hypertension, and cerebrovascular disease is more
likely in NQWMI compared to QWMI. In contrast,
complications resulting from MI are more prevalent
in QWMI. There is increasing trend in cardiac
intervention procedures like CATH, PCI and
decreasing trend of CABG in both types of MI.

In-Hospital death rate-In-Hospital mortality
decreased from 12.71% in 1990 to 8.57% in 2006
for QWMI patients while it increased slightly from
6.41% to 7.12% for NQWMI. Further, In-hospital
mortality for NQWMI was lower compared to QWMI
(Table 5). The crude odds ratio (OR) for death
revealed a decreasing trend in QWMI and slightly
increasing trend in NQWMI for In-hospital mortality
(Table 2). These trends persisted after adjustment
for age, gender, geographical region, co-morbidities
and complications. These trends remained
statistically significant (p-value< 0.05) for Q-wave &
non-Q-wave MI.

 Q-wave myocardial infarction Non Q-wave myocardial infarction

Year Group 1990-1992 1993-1995 1996-1998 1999-2002 2003-2006 1990-1992 1993-1995 1996-1998 1999-2002 2003-2006

AMI patients 1317918 1339468 1243988 1354167 944693 582738 748960 920691 1705162 1950821

Age – group (Years) 35-54 21.37 22.75 22.7 23.72 12.14 13.72 14.17 14.27 13.83 24.29

55-64 22.44 21.81 21.64 22.25 19.44 16.85 17.51 16.74 17.28 23.03

65-74 27.58 27.09 27.12 22.44 29.22 29.91 28.08 24.19 22.7 21.15

75-84 21.18 29.02 21.41 21.51 27.74 27.47 28.62 29.21 28.08 19.92

85+ 7.43 7.43 7.13 10.08 11.46 12.05 11.62 15.58 18.11 11.62

Gender Female 37.15 39.29 38.53 37.37 41.41 43.74 41.81 46.52 45.67 37.18

Male 62.85 60.71 61.47 62.63 58.59 56.26 58.19 53.84 54.33 62.82

Race White 74.15 73.85 70.06 65.34 76.05 73.23 69.35 65.5 61.19 63.48

Black 6.35 5.37 5.45 5.67 6.37 7.08 7.09 7.23 8.5 6.61

Other 19.5 20.79 24.49 28.99 17.58 19.69 23.56 27.27 30.31 29.91

Comorbidities Diabetes 19.06 20.13 21.11 20.66 25.23 26.69 26.12 25.99 23.33 18.87

HTN * 3.15 2.72 3.17 4.65 6.47 7.58 8.37 8.64 11.69 5.95

stroke - 1.41 2.35 2.99  1.54 3.93 3.87 4.12 3.15

Complications Shock 3.24 3.35 3.36 3.06 1.13 0.98 0.91 0.96 0.86 3.64

VF 2.5 3.21 3.89 3.37 0.91 0.64 1.19 0.84 0.91 3.25

AF+AFL 26.78 29.8 31.31 34.88 31.72 34.98 38.36 41.31 46.31 37.97

Shock+VF 0.22 0.24 0.22 0.27 0 0.01 0.03 0.02 0.03 0.3

Interventions CATH 33.28 36.72 43.1 47.1 28.2 32.02 35.14 37.73 35.83 50.84

PCI 15.25 20.45 26.51 34.64 10.61 12.37 14.81 17.24 21.13 48.53

CABG 9.28 10.53 10.46 10.21 8.11 10.1 11.86 9.09 7.32 8.88
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Fig-1: The trends revealed increasing
hospitalizations of NQWMI and decreasing
hospitalizations of QWMI

Fig 2: Trends revealed increasing PCI
procedures in QWMI & NQWMI hospitalized
patients

Table-3: distribution of pci procedure of q-wave mi and non q-wave mi patients stratified by age &
gender

 Q-wave MI Non Q-wave MI

1990-92 1993-95 1996-98 1999-02 2003-06 1990-92 1993-95 1996-98 1999-02 2003-06

Age Group 35-54 yrs 25.5 30.59 36.74 49.45 62.93 24.14 21.86 26.36 29.21 37.29

55-64 yrs 18.36 25.59 31.83 43.29 59.02 16.43 16.27 21.47 25.18 30.46

65-74 yrs 17.52 20.2 26.97 35.51 47.3 9.77 15.42 14.83 17.1 24.14

75-84 yrs 8.16 13.38 18.32 22.03 35.91 5.4 7.69 10.47 13.67 15.34

85+ yrs 3.14 6.76 7.41 11.1 21.5 1.76 1.04 3.01 5.78 5.1

Gender Male 17.83 23.92 29.48 39.34 54.26 12.95 14.53 17.46 21.44 25.11

Female 13.88 17.23 23.02 28.22 38.85 7.5 10.1 11.59 12.78 16.4

Table-4: Distribution of Q-wave myocardial infarction (QWMI) and Non Q-wave myocardial
infarction (NQWMI) hospitalization stratified by gender and age group.

Males QWMI NQWMI QWMI NQWMI QWMI NQWMI QWMI NQWMI QWMI NQWMI

Year 35-54 35-54 55-64 55-64 65-74 65-74 75-84 75-84 85+ 85+

1990-1992 15.35 3.73 15.23 5.4 15.74 7.13 9.75 6.25 2.88 1.79

1993-1995 15.86 5.28 13.89 5.41 14.95 8.71 8.96 6.99 2.07 2.49

1996-1998 13.94 6.26 11.9 7.1 12.78 9.78 8.5 8.66 1.87 2.53

1999-2002 11.68 8.06 9.99 8.22 8.95 10.93 7.03 10.74 2.08 4.78

2003-2006 9.16 9.37 7.62 10.99 6.65 12.96 4.75 13.92 2 6.68

Females

Year 35-54 35-54 55-64 55-64 65-74 65-74 75-84 75-84 85+ 85+

1990-1992 7.04 1.96 8.72 3.99 15.16 7.47 15.16 7.87 6.12 4.44

1993-1995 7.06 2.47 8.62 4.57 13.95 9.35 14.43 10 6.68 5.2

1996-1998 6.02 3.05 7.75 4.68 12.83 9.83 12.42 11.93 6.27 5.53

1999-2002 4.31 4.28 5.29 6.6 6.77 10.75 8.47 16.14 5.52 9.81

2003-2006 3.24 5.6 4.43 7.93 4.53 12.33 6.21 17.98 4.61 14.55

Table-5: In-Hospital death rate of AMI by gender
Year Females Males

QWMI NQWMI QWMI NQWMI QWMI NQWMI QWMI NQWMI QWMI NQWMI QWMI NQWMI

35-64 35-64 65-74 65-74 75+ 75+ 35-64 35-64 65-74 65-74 75+ 75+

1990-1992 1.72 0.77 3.56 1.7 10.87 4.14 2.6 0.74 3.28 1.48 4.81 4.05

1993-1995 1.6 0.55 3.57 1.83 9.49 4.52 1.84 0.57 2.52 1.36 4.18 2.97

1996-1998 2.32 0.76 4.17 1.4 7.78 4.26 1.71 0.63 2.96 1.35 3.44 3.53

1999-2002 1.69 1.14 2.03 1.41 7.93 6.09 1.67 1.38 1.81 1.31 4.48 4.02

2003-2006 1.37 0.74 2.12 1.4 8.81 5.29 1.41 1.16 1.56 1.26 3.4 4.44
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Trends of Interventions in patients with Invasive
Cardiac Procedures- PCI procedures increased from
16% in 1990 to 47% in 2006 for QWMI and from
11% in 1990 to 21% for NQWMI. There was
exponential increase in PCI procedures in Q-wave
patients and steady increase in NQWMI patients (Fig
2).

When we stratify by age, the PCI procedures
increased by 2.5 fod increase 35-54 and 65-74
years age group, 3 fold in 65-74 years, 4 fold in 75-
84 years, 7 fold in 85+ from 1990 to 2006 in QWMI
(Table 3) while 13% increase in 35-64 years, 2.5
fold increases in 65-84 /years and 3 fold increases
in 85 and above age group for NQWMI (Table 3).

But we noticed high interventions in younger age
groups than older age groups in both types of MI.
When stratified by gender, males had higher
procedures compared to females in both types of MI
(Table 3). The CABG procedures revealed increasing
trends from 9% in 1990 to 10% in 1996 and
decreased to 9% in 2006 for QWMI while it
increased from 8% in 1990 to 12% in 1996 and
decreased to 7% in 2006 for non-Q-wave MI (Table
1)

Discussion
The study results of National Hospital Discharge
survey (NHDS) data demonstrate decreased
proportion of QWMI hospitalization from 1990
compared to increasing proportion for NQWMI.
Further, transition was observed in 1999-2000 with
the progressive higher hospitalization of NQWMI, in
contrast to QWMI proportion declining steadily over
time across all age groups in males and females.

The NQWMI hospitalizations is higher compared to
QWMI in diabetes patients and remained static over
the same period. While the hospital mortality rate
for QWMI was higher than NQWMI despite decrease
in hospitalization and mortality rate over time. The
risk of death from QWMI had decreased after
adjusting for covariates, while the risk of death had
not changed for NQWMI.

Hospitalization Proportional rate-Studies prior to
thrombolytic era had demonstrated increasing
incidence of QWMI and NQWMI [21, 22] and studies
during the thrombolytic era had shown increasing
incidence of NQWMI and decreasing incidence of
QWMI [7, 23]. Findings from a study of trends of
STEMI and NSTEMI based on NRMI data revealed
increasing hospitalization of NSTEMI [24].

Our study findings are in accordance with previous
literature and this transformation of progressive
increase in the NQWMI hospitalizations might be
due to changes in the pathophysiology of
atherosclerotic plaque with the increasing incidence
of mild stenotic plaque [25, 26] and non-ruptured
plaques with erosions [27] (more commonly
associated with diabetes and younger age group)
and increased risk of thrombosis [28, 29] (PAI-1
inhibitor and tissue factor in diabetics, obesity and
hypertension).

The changes in the diagnostic criteria with the
redefinition of AMI using troponin [30] as a
biomarker with good sensitivity and specificity
leading to probable distinction of unstable angina,
NQWMI and QWMI [31-34].

The role of aspirin [35] in reducing the size of
infarction leading to increasing incidence of unstable
angina, use of thrombolytic therapy [24] and
increasing prevalence of PCI [24, 36-38] in
preventing the evolution of NQWMI to QWMI, use of
statins in reducing the inflammation and LDL-
cholesterol in reducing the incidence of CHD [39].

The increasing elderly population [40] in the united
states and increasing prevalence of diabetes,
hyperlipidemia and obesity [41] associated with
other modifiable risk factors like hypertension,
smoking, physical activity, poor dietary habits[42]
contribute to incidence of AMI.

Hospital Mortality-Despite the decrease in the
mortality rate in QWMI, the mortality rate of NQWMI
hadn’t changed from 1990, but it varied by age
group. It remained stable in all age groups except
increase in 35-54 years age group in males and 75
years and above age group in females. This increase
has further increased from the year 1999, which
might be due to introduction of new diagnostic
markers like troponin[30] with high sensitivity and
specificity in the diagnostic criteria of AMI.

The mortality rate was higher in patients with AMI
aged ≥75 years and had shown an increasing trend
in NQWMI, which might be due to non-compliance
with clinical guidelines due to contraindications in
the elderly;[43] about 50% of NQWMI patients
presenting without chest symptoms creating a
difficulty in the diagnosis as diabetes mellitus might
be attributable for silent ischemia and infarction;
[44, 45] growing elderly population in the United
States [46] and associated comorbidities such as
renal insufficiency in NQWMI patients.
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Limitations
The NHDS data is a continuous nationwide survey of
short stay non-federal hospitals collecting
information from medical records regarding
demographics, diagnostic and procedural coding. We
applied weights for sample to determine population
proportional hospitalization rates and case fatality
rates, providing an estimate for the United States.

The shortcomings of this data are lack of clinical
details such as presenting characteristics of AMI
(risk factors, prior MI), diagnostic criteria for AMI
(ECG documentation of Q and non-Q waves and
serum biomarkers), initial management and follow
up, which might have contributed and could have
explained the change in trends of AMI.

The distribution of diseases and treatment
modalities vary by gender, ethnicity and depending
on the genetic constitution of individual, the race is
an important factor underreported in this data.
However, the results from our study correlate with
the findings from the recent studies on NRMI
national data [25, 38].

Conclusions
The trends of decreasing hospitalization and
incidence of QWMI with increasing prevalence of
diabetes and hypertension and changes in
diagnostic criteria, success of revascularization and
their role in reducing hospital mortality as supported
by many studies are quite impressive, but with the
aging population of the United States, increasing
prevalence of diabetes, obesity and hypertension,
advances in the earlier recognition of MI are
contributing to the increasing hospitalization of
patients with NQWMI.

The stable hospital mortality of NQWMI with poor
outcomes with interventions in the elderly
population is a matter of concern, Hence more
evidence is required with new treatment modalities
in addressing the risk factors of the heart disease
promoting individuals to change their dietary habits
and life style as part of primary and secondary
prevention.
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