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Abstract

Background: In the United States, over one-third of premature cardiac deaths occur outside of
a hospital, without any transport prior to death. Transport prior to death is a strong, valid indicator
of help-seeking behavior. We used national vital statistics data to examine social and demographic
predictors of risk of no transport prior to cardiac death. We hypothesized that persons of lower
social class, immigrants, non-metropolitan residents, racial/ethnic minorities, men, and younger
decedents would be more likely to die prior to transport.

Methods: Our study population consisted of adult residents of the United States, aged 25 to 64
years, who died from heart disease during 1999-2000 (n = 242,406). We obtained transport status
from the place of death variable on the death certificate. The independent effects of social and
demographic predictor variables on the risk of a cardiac victim dying prior to transport vs. the risk
of dying during or after transport to hospital were modeled using logistic regression.

Results: Results contradicted most of our a priori hypotheses. Persons of lower social class,
immigrants, most non-metropolitan residents, and racial/ethnic minorities were all at lower risk of
dying prior to transport. The greatest protective effect was found for racial/ethnic minority
decedents compared with whites. The strongest adverse effect was found for marital status: the
risk of dying with no transport was more than twice as high for those who were single (OR 2.35;
95% Cl 2.29-2.40) or divorced (OR 2.29; 95% Cl 2.24-2.34), compared with married decedents.
Geographically, residents of the Western United States were at a 47% increased risk of dying prior
to transport compared with residents of the metropolitan South.

Conclusion: Our results suggest that marital status, a broad marker of household structure, social
networks, and social support, is more important than social class or race/ethnicity as a predictor
of access to emergency medical services for persons who suffer an acute cardiac event. Future
research should focus on ascertaining "event histories" for all acute cardiac events that occur in a
community, with the goal of identifying the residents most susceptible to cardiac fatalities prior to
medical intervention and transport.
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Background

Secondary prevention efforts for heart disease mortality
focus on improving access to medical care, including
emergency medical services, and reducing case fatality
rates for persons who suffer a major cardiac event [1,2].
When major cardiac events strike men and women in the
prime of life (young adulthood and middle age), second-
ary prevention efforts are particularly critical to minimize
the adverse effects for patients, their families and depend-
ents, and society as a whole.

In the United States, over one-third of premature (i.e.
prior to age 65 years) cardiac deaths occur outside of a
hospital, without any transport prior to death [3]. Trans-
port prior to death is a strong and valid indicator of help-
seeking behavior, whether by the cardiac victim or a fam-
ily member or bystander. While some unknown fraction
of "no transport" cardiac decedents may have received
medical intervention, the assumption is that most did
not. Moreover, these "no transport” cardiac deaths may be
heterogeneous in etiology (e.g. sudden cardiac arrest,
myocardial infarction, or congestive heart failure) and
consequently in the degree to which medical intervention
might have postponed fatality. One body of research has
made the assumption that any cardiac death occurring
"out of hospital" was in fact the result of a sudden cardiac
arrest (SCA), in which death typically follows the onset of
symptoms very rapidly (< 1 hour), and for which medical
intervention was assumed to be of limited efficacy [4,5].
More recently, efforts to prevent SCA deaths have
included the development and widespread deployment of
automatic external defibrillators (AEDs); and public edu-
cation campaigns by the American Heart Association, the
Centers for Disease Control and Prevention, and the
National Heart, Lung, and Blood Institute have focused
attention on the life-saving potential of rapid access to car-
diopulmonary resuscitation (CPR) and AEDs [6]. While
there has been a recent focus on increasing lay witness
intervention in cases of cardiac arrest [7], most bystanders
are unprepared or unwilling to intervene [8]. Conse-
quently, rapid arrival of trained emergency medical serv-
ices personnel offers the best hope of survival to SCA
victims [9,10].

"No transport" cardiac deaths may also result from myo-
cardial infarctions (MIs) in which time from onset of
symptoms to death may be quite lengthy, but delays in
seeking medical intervention and barriers to obtaining
treatment result in case fatality [11,12]. These barriers
include patient knowledge, socioeconomic status, geo-
graphic location, lack of transportation, and delays in
emergency medical services (EMS) response times [12-
15].
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Secondary prevention of cardiac fatalities requires reduc-
ing the proportion of cardiac events that receive delayed
or no medical intervention [2,9,16]. Obviously, cardiac
deaths occurring in the hospital are no better an outcome
for patients or society than deaths occurring prior to trans-
port. In addition, medical intervention may be of little use
in some cases - for example cardiac arrest resulting from
non-shockable rhythms (e.g. asystole) [17]. However, the
fundamental assumption underlying this research is that
reducing deaths prior to transport will reduce the overall
case fatality rate: transport and medical intervention
should help at least some patients survive to hospital dis-
charge [18].

In this study, we used vital statistics data to examine social
and demographic predictors of risk of no transport prior
to cardiac death for the years 1999-2000, for the entire
United States. Only one previous study similar to ours has
been published, and that study used sample data for a far
smaller number of decedents, for the period 1979-1989
[19]. Given well-known disparities in access to medical
care for disadvantaged sub-populations in the U.S., we
hypothesized that persons of lower social class, immi-
grants, non-metropolitan residents, and racial/ethnic
minorities would all be more likely to die prior to trans-
port. In addition, we hypothesized greater likelihood of
death prior to transport for men vs. women (because men
have been shown to delay seeking treatment), and
younger decedents vs. older decedents (because acute
heart disease symptoms are more likely to be missed, mis-
interpreted, and misdiagnosed in younger adults).

Methods

Study population and definitions

Our study population consisted of all adult residents of
the United States, aged 25 to 64 years old, who died from
heart disease during the years 1999-2000. We examined
death certificate data for 242,406 decedents. Death certif-
icate data files were obtained from the National Center for
Health Statistics. A cardiac death was defined as any death
for which the underlying cause coded on the death certif-
icate was diseases of the heart (ICD 10 codes 100-109, 111,
113, 120-151) or symptoms, signs, and ill-defined conditions
(ICD 10 codes R96-R99). We used a broad inclusive defi-
nition of heart disease because previous research has
shown misclassification in cause-of-death coding for
heart disease [20].

We included the cause of death category symptoms, signs,
and ill-defined conditions (SSID) for several reasons. These
codes are used by physicians, coroners, and medical
examiners when there is insufficient post-mortem evi-
dence to support assigning a specific disease as cause of
death [21]. It should be noted that deaths resulting from
any kind of injury or external cause are not coded to SSID.
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Earlier research on sudden cardiac arrest fatalities indi-
cated that these deaths were sometimes coded to SSID on
the death certificate [4]. Based on the presumption that
the vast majority of sudden cardiac arrest deaths resulted
from underlying heart disease (as opposed to injury or
trauma), previous studies found that heart disease death
rates for which SSID deaths had been excluded from the
numerator were significantly underestimated in some
populations [4]. A study of MONICA (Multinational
Monitoring of Trends and Determinants in Cardiovascu-
lar Disease) data from Belgium found that approximately
5% of "definite" or "possible" cases of acute myocardial
infarction had been coded to SSID on the death certificate
[20].

Under ICD-10, which was implemented in 1999, cardiac
arrest is considered to be an ill-defined condition [22,23].
In the case of a cardiac arrest, if any other specific condi-
tion is listed on the death certificate the underlying cause
will be coded as that specific condition and not cardiac
arrest. Therefore, deaths for which cardiac arrest was coded
as the underlying cause (ICD 10 code 146), were deaths
for which no other disease information was available.

Our outcome in this study was no transport prior to car-
diac death. We obtained transport status information for
each decedent from the place of death variable on the death
certificate. We categorized a cardiac death as occurring
with no transport if place of death was reported as one of
the following: (1) at home; (2) in a nursing home; (3) at
another location in the community. Deaths that occurred
during or after transport had place of death reported as
one of the following: (1) dead on arrival [at hospital]; (2)
emergency room/outpatient; (3) hospital: in-patient; (4)
hospital: status unknown [inpatient vs. outpatient status].
It should be noted that fewer than 1% of the cardiac
deaths in our study had "dead on arrival" listed as the
place of death.

Social and demographic characteristics of decedents,
examined as predictors of no transport prior to cardiac
death, were also obtained from the death certificate. We
examined age at time of death, gender, race and ethnicity
(Hispanics, white non-Hispanics, black non-Hispanics,
Asian non-Hispanics and American Indian/Alaska Native
non-Hispanics), social class (measured by educational
attainment), immigrant status (derived from country of
birth variable), marital status, region of residence (North-
east, Midwest, South, or West), and rurality of residence
(measured by metropolitan vs. non-metropolitan county
of residence).

Analytic methods
We first examined the distribution of each sociodemo-
graphic predictor variable for all cardiac decedents, for
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decedents who died prior to transport, and for decedents
who died after transport. Then, we used logistic regression
analysis to model the independent effects of each of the
social and demographic predictor variables on the risk of
a cardiac victim dying prior to transport to hospital ("no
transport deaths") vs. the risk of dying during or after
transport to hospital. Specifically, we examined 8 catego-
ries of decedent age, men vs. women, 5 racial/ethnic
groups, 4 marital status groups, high school diploma vs.
no diploma, foreign born vs. U.S born, and 8 geographic
areas defined by region and rurality. Odds ratios and 95%
confidence intervals for each unique value of each predic-
tor variable were obtained from the logistic regression
model.

Subsequently, we conducted a second logistic regression
analysis to examine joint effects of three of our important
predictor variables: marital status, gender, and race/eth-
nicity. A dummy variable was created which had as its val-
ues every unique combination of marital status, gender,
and race/ethnicity (i.e. 40 unique values). This approach
provided separate odds ratios and 95% confidence inter-
vals for each of these 40 demographic groups of cardiac
decedents. The model was also adjusted for age, social
class, immigrant status, region and rurality.

Human subjects

This study was approved by the Social and Behavioral Sci-
ence Institutional Review Board of the University of South
Florida.

Results

During 1999-2000, approximately 1.5 million heart dis-
ease deaths occurred in the United States. Of these
decedents, almost a quarter of a million died prematurely
(i.e. before 65 years of age). Our study population
included 242,406 cardiac decedents who were residents of
the United States, died in the U.S., and were 25 to 64 years
old at the time of their deaths. Death prior to transport
occurred for 37% of these decedents.

Table 1 provides detailed social and demographic charac-
teristics of our study population. The age distribution of
these premature cardiac decedents was skewed, as
expected, with only 3.3% of decedents aged 25-34 years
old vs. 53.4% aged 55 to 64 years old at the time of death.
The majority of decedents were male (69.5%), white non-
Hispanic (72.3%), high school graduates (91.1%) and
married at the time of their deaths (52.5%). Relatively few
of the decedents were Asian (n = 3,888) or American
Indian/Alaska Native (n = 1,595); however we included
all racial/ethnic groups in all of our analyses. Persons
born abroad comprised 7.4% of all decedents. Geograph-
ically, the decedents were concentrated, as expected, in
metropolitan counties (76.3%). Regionally, the greatest
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proportion of decedents resided in the South (41%), with
the lowest proportion in the West (17.3%).

To avoid misclassification bias in our study, we chose a
broad inclusive definition of heart disease (diseases of the
heart) and also included SSID deaths as cardiac deaths.
Therefore, we examined the distribution of several specific
causes of heart disease death within our study population
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(Table 1). For these statistics, we included cardiac arrest
(ICD-10: 146) as an ill-defined condition, per the coding
philosophy of ICD-10 [22]. The majority of decedents had
ischemic heart disease (ICD-10: 120-125) listed as the
underlying cause of death (66.6%). Hypertensive heart
disease (ICD-10: I11) accounted for 5.1% of the deaths
and heart failure (ICD-10: I50) accounted for 2.7% of the
deaths. The category "other forms of heart disease", which

Table I: Characteristics of premature cardiac decedents (25-64 years old), United States, 1999-2000

Death Prior to Transport Death After Transport Total

n = 89,408

n = 152,998

n = 242,406

Age at Death:
25-34 years
3544 years
45-54 years
55-64 years

Gender:
Male
Female

Race and Hispanic Ethnicity:
White, non-Hispanic
Black, non-Hispanic
Hispanic
Asian, non-Hispanic
Al/AN, non-Hispanic

Social Class:
Not high school graduate
High school graduate

Immigrant Status:
Foreign-born
Not foreign-born

Marital Status at Time of Death:
Married
Widowed
Divorced
Single

Residence at Time of Death:
Metro South
Metro Northeast
Metro Midwest
Metro West
Non-Metro South
Non-Metro Northeast
Non-Metro Midwest
Non-Metro West

Underlying Cause on Death Certificate:

Ischemic heart disease

Other forms of heart disease
Hypertensive heart disease

Heart failure

lll-Defined Conditions (inc. cardiac arrest)

3,100 (3.5%)
11,915 (13.3%)
27,852 (31.2%)
46,541 (52.1%)

63,693 (71.2%)
25,715 (28.8%)

67,688 (75.7%)
15,859 (17.7%)
4,131 (4.6%)
1,092 (1.2%)
638 (0.7%)

7,612 (8.5%)
81,796 (91.5%)

5,636 (6.3%)
83,772 (93.7%)

36,185 (40.5%)
6,799 (7.6%)
27,024 (30.2%)
19,400 (21.7%)

24,012 (26.9%)
14,606 (16.3%)
14,295 (16.0%)
15,788 (17.7%)
10,602 (11.9%)
1,613 (1.8%)
5,557 (6.2%)
2,935 (3.3%)

58,389 (65.3%)
11,868 (13.3%)
6,138 (6.9%)
2,609 (2.9%)
10,404 (11.6%)

5,006 (3.3%)
18,836 (12.3%)
46,283 (30.3%)
82,873 (54.2%)

104,881 (68.6%)
48,117 (31.5%)

107,621 (70.3%)
32,712 (21.4%)
8,912 (5.8%)
2,796 (1.8%)
957 (0.6%)

14,067 (9.2%)
138,931 (90.8%)

12,347 (8.1%)
140,651 (91.9%)

91,176 (59.6%)
10,170 (6.7%)
29,467 (19.3%)
22,185 (14.5%)

44,570 (29.1%)
25,585 (16.7%)
26,532 (17.3%)
19,567 (12.8%)
20,513 (13.4%)
3,248 (2.1%)
9,412 (6.2%)
3,571 (2.3%)

103,148 (67.4%)
29,138 (19.1%)
6310 (4.1%)
3,925 (2.6%)
10,477 (6.9%)

8,106 (3.3%)
30,751 (12.7%)
74,135 (30.6%)
129,414 (53.4%)

168,574 (69.5%)
73,832 (30.5%)

175,309 (72.3%)
48,571 (20.0%)
13,043 (5.4%)
3,888 (1.6%)
1,595 (0.7%)

21,679 (8.9%)
220,727 (91.1%)

17,983 (7.4%)
224,423 (92.6%)

127,361 (52.5%)
16,969 (7.0%)
56,491 (23.3%)
41,585 (17.2%)

68,582 (28.3%)
40,191 (16.6%)
40,827 (16.8%)
35,355 (14.6%)
31,115 (12.8%)
4,861 (2.0%)
14,969 (6.2%)
6,506 (2.7%)

161,537 (66.6%)
41,006 (16.9%)
12,448 (5.1%)
6,534 (2.7%)
20,881 (8.6%)
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comprised 16.9% of these deaths, included rheumatic
heart disease (ICD-10: 100-109), endocarditis (ICD-10:
133), diseases of the pericardium and myocarditis (ICD-
10: 130-31, 141), and several other less common forms of
heart disease (ICD-10: 126-128, 134-138, 142-145, 147-149,
I51). Symptoms, signs, and ill-defined conditions (ICD-
10: R96-R99, 146) were listed as the underlying cause for
8.6% of the deaths.

In addition, we examined specific causes of cardiac death
by age within our study population (Figure 1). The great-
est differences by age were observed for ischemic heart dis-
ease, other forms of heart disease, and SSID. Among the
majority of decedents who were 55-64 years old at the
time of their death, 74% died from ischemic heart disease,
14% from other forms of heart disease, and only 5% had
their deaths coded to SSID. In contrast, the youngest
decedents, who were 25-34 years old at death, were much
more likely to have their death coded to an ill-defined
condition (29%), and only 24% of these younger
decedents had ischemic heart disease listed as the under-
lying cause.
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Logistic regression analysis revealed several important
independent sociodemographic predictors of risk of no
transport prior to cardiac death (Table 2). However,
results contradicted almost all of our a priori hypotheses.
Persons of lower social class, immigrants, most non-met-
ropolitan residents, and racial/ethnic minorities were all
at lower risk of dying prior to transport compared with
their respective referent groups. There was little effect of
decedent age on risk of dying prior to transport. The great-
est protective effect was found for most racial/ethnic
minority decedents compared with whites; odds ratios for
dying with no transport were 0.71 for Blacks (95% CI
0.70-0.73), 0.70 for Hispanics (95% CI 0.67-0.73) and
0.61 for Asians (95% CI 0.56-0.66).

The strongest predictor of risk of dying prior to transport
was marital status. Compared with decedents who were
married, the risk of dying with no transport was more
than twice as high for those who were single (OR 2.35;
95% CI 2.29-2.40) or divorced (OR 2.29; 95% CI 2.24-
2.34). Decedents who were widowed were also at
increased risk of dying prior to transport (OR 1.88; 95%

Ages 25-34
N=8,106

29

:
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N=30,751

Ages 45-54
N=74,135

Ages 55-64
N=129,414
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Figure |

Specific causes of death for cardiac decedents, United States 1999-2000.
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Table 2: Odds ratios for risk of no transport vs. death after
transport, for premature cardiac decedents, United States,
1999-2000

Sociodemographic Factor Odds Ratio (95% ClI)

Age

25-29 0.94 (0.87 - 1.02)
30-34 0.92 (0.86 — 0.99)**
35-39 0.99 (0.95 - 1.03)
40 - 44 1.03 (0.99 — 1.07)
45 -49 1.02 (1.00 — 1.05)
50 -54 1.02 (0.99 — 1.05)
55-59 1.01 (0.98 — 1.03)
60 — 64 (referent) 1.00

Gender

Male 1.16 (1.14 - 1.18)**
Female (referent) 1.00

Race/ethnicity

Black 0.71 (0.70 — 0.73)**
Hispanic 0.70 (0.67 — 0.73)**
Asian 0.61 (0.56 — 0.66)**

American Indian
White (referent)

0.91 (0.82-1.01)
1.00

Marital Status

Single 2.35 (2.29 — 2.40)**
Widowed 1.88 (1.81 — 1.94)**
Divorced 2.29 (2.24 — 2.34)**
Married (referent) 1.00

Social class

Not a high school graduate 0.95 (0.92 — 0.98)**

High school graduate (referent) 1.00

Immigrant Status
Foreign Born 0.91 (0.88 — 0.95)**
U.S. Born (referent) 1.00

Region and Rurality

Non-metro Northeast 0.86 (0.81 — 0.91)**

Metro Northeast 1.02 (0.99 — 1.05)
Non-metro Midwest 1.03 (0.99 - 1.07)
Metro Midwest 0.94 (0.92 — 0.97)**
Non-metro West 1.47 (1.39 — 1.55)**
Metro West 1.47 (1.43 — 1.51)%*
Non-metro South 0.96 (0.93 — 0.99)**
Metro South (referent) 1.00

CI 1.81-1.94). Men were slightly more likely than women
to die prior to transport (OR 1.16; 95% CI 1.14-1.18).
Geographically, residents of both non-metropolitan and
metropolitan counties in the West were at a 47%
increased risk of dying prior to transport compared with
residents of the metropolitan South (Table 2).

Relative risks of dying prior to transport for important
demographic groups, defined by gender, race/ethnicity,
and marital status, are shown in Figures 2 and 3. The ref-
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erent group was married white men. Among persons who
were single at the time of their death (Figure 2), the great-
est risk of dying prior to transport was experienced by
American Indian/Alaska Native men (OR = 3.0) and white
men (OR = 2.8). Risks were somewhat lower but still ele-
vated for Hispanic men (OR =2.1), Asian men (OR = 1.9),
and Black men (OR = 1.8). Among single women, the
greatest excess risk was found for white women (OR = 2.2)
and American Indian/Alaska Native women (OR = 1.7).
There was only a slightly elevated risk of dying prior to
transport for Asian, Hispanic, and Black women. Results
for persons who were divorced at the time of their death
were very similar to the results for single persons (Figure
3). Among divorced women, only white women had a
markedly increased risk of dying prior to transport (OR =
2.1).

Discussion

Taken as a whole, our results suggest that marital status,
which is a broad marker of household structure, social
networks, and social support, is more important than
social class or race/ethnicity as a predictor of access to
emergency medical services for persons who suffer an
acute cardiac event. The majority of life-threatening car-
diac events that occur in the community occur in a private
home [16,18]. Persons who live alone and suffer a cardiac
arrest will obviously not be capable of calling 911 or seek-
ing aid on their own behalf, although agonal breathing
and consciousness may continue for a few minutes fol-
lowing cardiac arrest [24]. Persons who live alone and suf-
fer a myocardial infarction or other acute cardiac
emergency may delay seeking medical aid or be physically
or cognitively unable to seek aid. We can take marital sta-
tus as an imperfect proxy of an individual's household liv-
ing arrangements. Data from the census confirm that only
a tiny minority of married persons live alone. In our
study, persons who were unmarried were at greatest risk of
dying prior to transport vs. dying in hospital. When we
calculated odds ratios separately for population groups
defined by gender, marital status, and race/ethnicity, we
found variation in the magnitude of the excess risk. We
interpret these variations to reflect unmeasured variation
in household structure not captured by marital status. For
example, odds ratios for single and divorced men of all
racial/ethnic groups were higher than comparable odds
ratios for women. This likely reflects the fact that unmar-
ried women are more likely to live with children or other
adult family members than their male counterparts [25].

From a social justice perspective, our results suggest no
systematic biases in access to emergency medical services.
After adjustment for marital status (household structure)
and geographic location, there were no strong effects of
social class, immigrant status, or age on risk of dying prior
to transport vs. during or after transport. We interpret the
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Figure 2

Relative risk of no transport prior to cardiac death: results for single men and women. Referent group = married white men.
Logistic model adjusted for age, education, immigrant status, region, and metropolitan status of county of residence.

protective effect of minority race/ethnicity, compared
with being white, on unmeasured differences in house-
hold structure that were not captured by marital status.
Specifically, racial/ethnic minority adults, particularly
Hispanics and Asians, are more likely to live with family
members compared with whites in the United States [26-
28]. In addition, there may be cultural and geographic var-
iations in attitudes, practices, and acceptance of death out-
side of hospital that could explain the regional and racial/
ethnic findings in our study.

In interpreting our findings, it is important to remember
that we did not measure heart disease mortality rates in
this study. Consequently, for example, the observed result
that African American cardiac decedents were less likely to
die with no transport than similar white cardiac decedents
does not mean that the overall cardiac death rate is lower
for African Americans than for whites. Persistent racial
and ethnic disparities in heart disease mortality are well
established in the public health literature [29,30]. The
same is true for social class. In our study, decedents of
lower social class were slightly less likely to die with no
transport compared with decedents with at least a high
school diploma. Yet heart disease death rates have been
shown in both U.S. and international studies to be higher
among persons of lower social class [11,31-33].

However, in the case of marital status, our findings do sug-
gest a testable hypothesis to explain previous research
findings which consistently show higher heart disease
death rates for single, divorced, and widowed persons
compared with married persons [34-38]. Higher cardiac
death rates for unmarried vs. married persons could be
due, in theory, to higher incidence of heart disease[39,40]
or to higher case fatality [37], or both. Our study suggests
that at least some portion of this excess is due to higher
case fatality: unmarried persons who live alone may have
impaired access to life-saving emergency medical services.
A future study which examined the unmarried excess in
cardiac death rates for no transport vs. post-transport
could provide evidence to support or refute this hypothe-
sis.

One recent publication [19] reported results of a study
very similar to ours. Data from the National Longitudinal
Mortality Study (NLMS) was used to compare characteris-
tics of cardiac decedents who died in-hospital vs. out-of-
hospital (n = 59,034). The investigators included deaths
with place of death = dead on arrival as out-of-hospital,
whereas in our study these deaths were included with in-
patient deaths under the category "post-transport.” It
should also be noted that in the study by Sorlie et al,
deaths occurred during 1979-1989, whereas our study
examined deaths that occurred in 1999-2000. Differences
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Figure 3

Relative risk of no transport prior to cardiac death: results for divorced men and women. Referent group = married white
men. Logistic model adjusted for age, education, immigrant status, region, and metropolitan status of county of residence.

in results between these two studies could be due to meth-
odological differences (e.g. sample data vs. national vital
statistics data) or to secular trends in the relative impor-
tance of specific sociodemographic characteristics. In con-
trast to our study, these investigators found an excess risk
of out-of-hospital (i.e. no transport) cardiac death for
non-metropolitan residents and African Americans, and
no excess risk in the Western region. However, many
results were similar to ours, particularly the findings of no
effect of social class and a statistically significant excess
risk for unmarried vs. married decedents. Furthermore,
the NLMS dataset provided a direct measure of household
size, and the study found an excess risk of dying out-of-
hospital for persons living alone, after controlling for age,
sex, race/ethnicity, region, rurality, education, income,
and marital status.

Limitations and directions for future research

There are a number of challenges in designing studies to
understand and prevent the phenomenon of cardiac
death prior to transport. The first and most obvious chal-
lenge is that these deaths occur for the most part without
medical or professional witness. Consequently symptoms
and signs prior to death are unknown, or known only to
lay witnesses[24]. The cardiac victim's thoughts, beliefs,
and actions in reaction to symptoms and signs are mostly
unknown. The presumption that the clinical course of car-

diac events in people who die before transport is funda-
mentally the same as in people who survive to hospital
admission or discharge may be a plausible presumption,
but until innovative research provides an empirical view
of these fatal cardiac event histories, it must be recognized
as only a presumption.

Previous research has typically focused on one aspect or
dimension of the entire cardiac event history picture. The
most convenient type of study to perform is a study of
heart attach survivors, either hospital or community-
based. These studies have provided valuable insight into
cardiac patient experiences and perceptions of symptoms
and signs, use of emergency services, and barriers to med-
ical care [14,15]. However, survivor studies by design
exclude the highest risk and most vulnerable cases from
their study populations, i.e. persons who do not survive
long enough to be admitted to hospital. Our current
study, presented in this paper, provides valuable informa-
tion about the characteristics of these decedents but con-
sequently lacks information about short-term survivors of
major cardiac events. Furthermore, vital statistics data are
limited due to the potential for misclassification of cause
of death. Misclassification is greatest for specific causes
(e.g. "sudden cardiac arrest"); using a broad definition of
heart disease as we chose to do minimizes misclassifica-
tion but also compromises specificity.
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The ideal study design would focus on a geographically-
defined community and would, through multiple linked
sources of surveillance, identify all acute cardiac events
that occur in the community. An "event history" would be
ascertained for each person, including the following ele-
ments: (1) date, time and location of the initial event; (2)
eyewitness accounts from the victim (if a survivor) and
any lay witnesses; (3) a record of lay witness resuscitation
attempts prior to EMS arrival; (4) a complete record of
911 calls, EMS/ambulance response and treatment; (5) a
transport history for the victim, including timing, source
of transport (self, lay witness, EMS); (6) complete hospital
records, including emergency department and in-patient
records; (7) death certificates for victims who do not sur-
vive; (8) autopsy data when available; (9) short-term fol-
low-up for victims who survive to hospital discharge; (10)
linking of event histories by person to capture multiple
acute cardiac events suffered by a person during a defined
time period. The challenge, of course, is that by its nature
the ideal study would be quite expensive to implement
and would require cooperation and coordination among
multiple organizations (primary care providers, EMS,
health departments, and hospitals). However, the ideal
study, if implemented correctly, would provide critically
important data to identify persons with heart disease most
vulnerable to dying prior to transport.

Conclusion

Our results suggest that marital status, a broad marker of
household structure, social networks, and social support,
is more important than social class or race/ethnicity as a
predictor of access to emergency medical services for per-
sons who suffer an acute cardiac event. Regionally, we
found an excess risk of dying prior to transport among car-
diac decedents in the western United States. Future
research should focus on ascertaining "event histories" for
all acute cardiac events that occur in a community, with
the goal of identifying the most important predictors of
which individuals and neighborhoods are most suscepti-
ble to cardiac fatalities prior to medical intervention and
transport.

Abbreviations
AED = Automatic external defibrillator

CPR = Cardiopulmonary resuscitation

EMS = Emergency medical services

ICD = International Classification of Disease
MI = Myocardial infarction

NLMS = National Longitudinal Mortality Study

http://www.biomedcentral.com/1471-2261/6/45

OR = Odds ratio
SCA = Sudden cardiac arrest

Competing interests
The author(s) declare that they have no competing inter-
ests.

Authors' contributions

All the authors collaborated on the conception and design
of the study. EB and SR conducted the statistical analyses.
EB drafted the manuscript. All authors read and approved
the final manuscript.

Acknowledgements

This study was funded through a cooperative agreement from the Centers
for Disease Control and Prevention, administered through the Association
of Schools of Public Health. In addition, Dr. Barnett was partially supported
by an Established Investigator Grant from the American Heart Association.
The funding agencies did not influence the study design, analyses, or inter-
pretation of results.

References

l. Balady GJ, Ades PA, Comoss P, Limacher M, Pina IL, Southard D, Wil-
liams MA, Bazzarre T: Core components of cardiac rehabilita-
tion/secondary prevention programs: A statement for
healthcare professionals from the American Heart Associa-
tion and the American Association of Cardiovascular and
Pulmonary Rehabilitation Writing Group. Circulation 2000,
102(9):1069-73.

2.  Faxon D, L'enfant C: Timing Is everything: motivating patients
to call 9-1-1 at onset of acute myocardial infarction. Circulation
2001, 104:1210.

3. Centers for Disease Control and Prevention: State-Specific Mor-
tality from Sudden Cardiac Death - United States, 1999.
MMWR Morb Mortal Wkly Rep 2002, 51:123-126.

4.  Armstrong D, Wing S, Tyroler HA: Race differences in estimates
of sudden coronary heart disease mortality, 1980-1988: the
impact of ill-defined death. | Clin Epidemiol 1996, 49(11):1247-51.

5. Zheng ZJ, Croft |B, Giles WH, Mensah GA: Sudden cardiac death
in the United States, 1989 to 1998. Circulation 2001,
104:2158-2163.

6.  Pearson TA, Bazzarre TL, Daniels SR, Fair JM, Fortmann SP, Franklin
BA, Goldstein LB, Hong Y, Mensah GA, Sallis JF Jr, Smith S Jr, Stone
NJ, Taubert KA: American Heart Association guide for
improving cardiovascular health at the community level: a
statement for public health practitioners, healthcare provid-
ers, and health policy makers from the American Heart
Association Expert Panel on Population and Prevention Sci-
ence. Circulation 2003, 107(4):645-51.

7. PAD Trial Investigators: The Public Access Debrillation (PAD)
Trial study design and rationale. Resuscitation 2003, 56:135-147.

8.  Smith KL, Cameron PA, Meyer ADMcR, McNeil JJ: Is the public
equipped to act in out of hospital cardiac emergencies?
Emerg Med J 2003, 20:85-87.

9. Soo L, Huff N, Gray D, Hampton JR: Geographical distribution of
cardiac arrest in Nottinghamshire. Resuscitation 2001,
48:137-147.

10.  Pell JP, Sirel JM, Marsden AK, Ford |, Cobbe SM: Effect of reducing
ambulance response times on deaths from out of hospital
cardiac arrest: cohort study. BMJ 2001, 322:1385-1388.

Il.  Cesana G, Ferrario M, Gigante S, Sega R, Toso C, Achilli F: Socio-
occupational differences in acute myocardial infarction case-
fatality and coronary care in a northern Italian population.
Int | Epidemiol 2001, 30:S53-S58.

12.  Tyden P, Engstrom G, Hansen O, Hedblad B, Janzon L: Geographi-
cal pattern of female deaths from myocardial infarction in an
urban population: fatal outcome out-of-hospital related to
socioeconomic deprivation. | Intern Med 2001, 250:201-207.

Page 9 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10961975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10961975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10961975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11551867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11551867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11898927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11898927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8892492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11684624
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12589986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12589986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12533383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12533383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11426475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11426475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11397740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11397740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11397740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11759853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11759853
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11555123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11555123
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11555123

BMC Cardiovascular Disorders 2006, 6:45

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Schull MJ, Morrison L), Vermeulen M, Redelmeier DA: Emergency
department overcrowding and ambulance transport delays
for patients with chest pain. CMAJ 2003, 168(3):277-83.
Schoenberg NE, Peters JC, Drew EM: Unraveling the mysteries of
timing: women's perceptions about time to treatment for
cardiac symptoms. Soc Sci Med 2003, 56:271-284.

Brown AL, Mann C, Daya M, Goldberg R, Meischke H, Taylor ], Smith
K, Osganian S, Cooper L: Demographic, belief, and situational
factors influencing the decision to utilize emergency medical
services among chest pain patients: Rapid Early Action for
Coronary Treatment (REACT) study. Circulation 2000,
102:173-178.

Wu LA, Kottke TE, Brekke LN, Brekke MJ, Grill DE, Goraya TY,
Roger VL, Belau PG, White RD: Opportunities to prevent sud-
den out-of-hospital death due to coronary heart disease in a
community. Resuscitation 2003, 56:55-58.

Albert CM, Chae CU, Grodstein F, Rose LM, Rexrode KM, Ruskin JN,
Stampfer M), Manson JE: Prospective study of sudden cardiac
death among women in the United States. Circulation 2003,
107:2096-2101.

Herlitz |, Eek M, Holmberg M, Engdahl |, Holmberg S: Characteris-
tics and outcome among patients having out of hospital car-
diace arrest at home compared with elsewhere. Heart 2002,
88:579-582.

Sorlie PD, Coady S, Lin C, Arias E: Factors associated with out-
of-hospital coronary heart disease death: The National Lon-
gitudinal Mortality Study. Ann Epidemiol 2004, 14:447-452.

De Henauw S, de Smet P, Aelvoet W, Kornitzer M, De Backer G:
Misclassification of coronary heart disease in mortality sta-
tistics. Evidence from the WHO-MONICA Ghent-Charleroi
Study in Belgium. | Epidemiol Community Health 1998, 52:513-519.
Armstrong DL, Wing SB, Tyroler HA: United States mortality
from ill-defined causes, 1968-1988: potential effects on heart
disease mortality trends. Int | Epidemiol 1995, 24(3):522-7.
Anderson RN, Minifio AM, Hoyert DL, Rosenberg HM: Compara-
bility of cause of death between ICD-9 and ICD-10: Prelimi-
nary estimates. In National vital statistics reports Volume 49. Issue 2
Hyattsville, Maryland: National Center for Health Statistics; 2001.
Chen L, Walker S, Tong S: The impact of the variation in death
certification and coding practices on trends in mortality
from ischaemic heart disease. Aust Health Rev 2002,
25(4):189-97.

Bang A, Herlitz J, Martinell S: Interaction between emergency
medical dispatcher and caller in suspected out-of-hospital
cardiac arrest calls with focus on agonal breathing. A review
of 100 tape recordings of true cardiac arrest cases. Resuscita-
tion 2003, 56:25-34.

Spraggins RE: We the people: women and men in the United
States: Census 2000 Special Reports. US Census Bureau
2005:1-15. CENSR-20

Ramirez RR: We the people: Hispanics in the United States:
Census 2000 Special Reports. US Census Bureau 2004:1-18.
CENSR-18

Reeves TJ, Bennett CE: We the people: Asians in the United
States: Census 2000 Special Reports. US Census Bureau
2004:1-20. CENSR-17

McKinnon D, Bennett CE: We the people: Blacks in the United
States: Census 2000 Special Reports. US Census Bureau
2004:1-17. CENSR-25

Casper ML, Barnett E, Halverson JA, EImes GA, Braham VE, Majeed
ZA, Bloom AS, Stanley S: Women and Heart Disease: An Atlas of Racial
and Ethnic Disparities in Mortality Office for Social Environment and
Health Research, West Virginia University, Morgantown WYV; 2000.
ISBN 0-9665085-1-3

Barnett E, Casper ML, Halverson JA, Elmes GA, Braham VE, Majeed
ZA, Bloom AS, Stanley S: Men and Heart Disease: An Atlas of Racial and
Ethnic Disparities in Mortality Office for Social Environment and Health
Research, West Virginia University, Morgantown WYV; 2001.

Barnett E, Armstrong DL, Casper ML: Evidence of increasing cor-
onary heart disease mortality among black men of lower
social class. Ann Epidemiol 1999, 9:464-471.

Barnett E, Williams CR, Moore L, Chen F: Social class and heart
disease mortality among African Americans. Ethn Dis 2002,
12(suppl 3):53-76-S3-81.

Capewell S, Macintyre K, Stewart S, Chalmers JWT, Boyd J, Finlayson
A, Redpath A, Pell )P, McMurray J)V: Age, sex, and social trends in

34.

35.

36.

37.

38.

39.

40.

http://www.biomedcentral.com/1471-2261/6/45

out-of-hospital cardiac deaths in Scotland 1985-95: a retro-
spective cohort study. Lancet 2001, 358:1213-1217.

Johnson NJ, Backlund E, Sorlie PD, Loveless CA: Marital status and
mortality: The National Longitudinal Mortality Study. Ann
Epidemiol 2000, 10:224-238.

Ebrahim S, Wannamethee G, McCallum A, Walker M, Shaper AG:
Marital status, change in marital status, and mortality in
middle-aged British men. Am | Epidemiol 1995, 142(8):834-42.
Malyutina S, Bobak M, Simonova G, Gafarov V, Nikitin Y, Marmot M:
Education, marital status, and total and cardiovascular mor-
tality in Novosibirsk, Russia: a prospective cohort study. Ann
Epidemiol 2004, 14:244-249.

Mendes de Leon CF, Appels AW, Otten FW, Schouten EG: Risk of
mortality and coronary heart disease by marital status in
middle-aged men in The Netherlands. Int | Epidemiol 1992,
21(3):460-6.

Ben-Shlomo Y, Smith GD, Shipley M, Marmot MG: Magnitude and
causes of mortality differences between married and unmar-
ried men. | Epidemiol Community Health 1993, 47(3):200-5.
Engstrom G, Tyden P, Berglund G, Hansen O, Hedblad B, Janzon L:
Incidence of myocardial infarction in women: A cohort study
of risk factors and modifiers of effect. | Epidemiol Community-
Health 2000, 54:104-107.

Engstrom G, Hedblad B, Rosvall M, Janzon L, Lindgarde F: Occupa-
tion, marital status, and low-grade inflammation. Mutual
confounding or independent cardiovascular risk factors? Arte-
rioscler Thromb Vasc Biol 2006, 26(3):643-8.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2261/6/45/prepub

disseminating the results of biomedical research in our lifetime."

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Publish with BioMed Central and every
scientist can read your work free of charge

"BioMed Central will be the most significant development for

Sir Paul Nurse, Cancer Research UK
Your research papers will be:
« available free of charge to the entire biomedical community
« peer reviewed and publishedimmediately upon acceptance
« cited in PubMed and archived on PubMed Central

O BioMedcentral

« yours — you keep the copyright

Page 10 of 10

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12566332
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12473313
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10889127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10889127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10889127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12695299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12695299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12433883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15301780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15301780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15301780
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9876363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7672891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7672891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7672891
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12404982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12404982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12404982
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12505735
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10549879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10549879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10549879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11675057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11675057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11675057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10854957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10854957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7572960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15066603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1634306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8350032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8350032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8350032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16357315
http://www.biomedcentral.com/1471-2261/6/45/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and definitions
	Analytic methods
	Human subjects

	Results
	Discussion
	Limitations and directions for future research

	Conclusion
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

