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Abstract

Background: Adherence to clinical practice guidelines for the treatment of specific illnesses may result
in unexpected outcomes, given that multiple therapies must often be given to patients with diverse medical
conditions. Yet, few studies have presented empirical evidence that quality improvement (QIl) programs
both change practice by improving adherence to guidelines and improve patient outcomes under the
conditions of actual practice. Thus, we focus on patient survival, following hospitalization for acute
coronary syndrome in three successive patient cohorts from the same community hospitals, with a quality
improvement intervention occurring between cohorts two and three.

Methods: This study is a comparison of three historical cohorts of Acute Coronary Syndrome (ACS)
patients in the same five community hospitals in 1994-5, 1997, 2002-3. A quality improvement project,
the Guidelines Applied to Practice (GAP), was implemented in these hospitals in 2001.

Study participants were recruited from community hospitals located in two Michigan communities during
three separate time periods. The cohorts comprise () patients enrolled between December 1993 and
April 1995 (N = 814), (2) patients enrolled between February 1997 and September 1997 (N = 452), and
(3) patients enrolled between January 14, 2002 and April 13,2003 (N = 710).

Mortality data were obtained from Michigan's Bureau of Vital Statistics for all three patient cohorts.
Predictor variables, obtained from medical record reviews, included demographic information, indicators
of disease severity (ejection fraction), co-morbid conditions, hospital treatment information concerning
most invasive procedures and the use of ace-inhibitors, beta-blockers and aspirin in the hospital and as
discharge recommendations.

Results: Adjusted in-hospital mortality showed a marked improvement with a HR = 0.16 (p < 0.001)
comparing 2003 patients in the same hospitals to those 10 years earlier. Large gains in the in-hospital
mortality were maintained based on |-year mortality rates after hospital discharge.

Conclusion: Changes in practice patterns that follow recommended guidelines can significantly improve
care for ACS patients. In-hospital mortality gains were maintained in the year following discharge.
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Background

While clinical practice guidelines are usually developed
based on strong evidence from randomized clinical trials
(RCTs), their consistent application in clinical practice
remains challenging. RCTs are normally designed to
examine only one or two therapies at a time and often
enroll patients with fewer co-morbid conditions, who are
at overall lower risk for mortality. In the 'real world' of
clinical practice, multiple therapies must often be given all
at once and to patients, for whom the expected benefit
may be less certain, such as the elderly. Adhering to the
guidelines may therefore result in unexpected outcomes
when applied in community hospital settings. Thus, it is
important to show that quality improvement (QI) pro-
grams do not only change practice by improving adher-
ence to guidelines for hospital care [1-3], but they must
also be shown to improve patient outcomes in both short
and longer terms.

In this paper, we examine how a decade of changes and
improvement in hospital care for ACS patients have
affected both in-hospital and one-year post-hospital mor-
tality. In particular, we evaluate treatment changes and
mortality outcomes in three ACS patient cohorts observed
over 10 years in the same five community hospitals,
which, during the final cohort observations, participated
in a quality improvement (QI) program.

Methods

Design

The study compared the survival of ACS patients in three
historical cohorts enrolled at the same five community
hospitals during 1994-5, 1997, and 2002-3. A QI project,
the Guidelines Applied to Practice (GAP) project was
implemented in these hospitals in 2001 [1], one year
prior to the data collection for the latest cohort.

Setting and participants

The five community-hospitals were located in two geo-
graphically contiguous Michigan communities. These
communities have comparable patient demographics,
employment patterns, insurance coverage, proportions of
minority, unemployed and low-income residents [4-6],
and their characteristics have remained quite stable over
the 10-year period under consideration [7].

The earlier two patient cohorts were identified in the
Michigan Inter-institutional Collaborative Heart (MICH)
study [8]. This study was an ongoing assessment of ACS
practice patterns and patient outcomes in the two mid-
Michigan communities. In Phase I, 828 consenting
patients were admitted with ACS to one of the five area
hospitals between December 1993 and April 1995, with
complete record audits available for 814. Phase II enrolled
502 consenting ACS patients admitted between February
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1997 and September 1997; of these, 452 had complete
medical records. While the definition of ACS is a recent
change from the earlier definition of AMI, the eligibility
criteria (positive enzymes, a working diagnosis of AMI or
ACS and symptoms) were the same for all three cohorts,
with the exception that the enzyme used was CPK-mb in
the first two cohorts and Troponin in the third. The "nor-
mal" vs. elevated cut points at each of the admitting hos-
pitals were used in all cases.

The third cohort came from the HARP study ("Heart After
Hospital Recovery Planner"), a behavioral intervention
study designed to evaluate the effectiveness of telephone
interventions to improve post-discharge cardiovascular
health behavior in patients hospitalized for ACS. This
study was conducted in the same hospitals as the MICH
studies, with patients enrolled between January 14, 2002
and April 13, 2003.

The five hospitals were also sites for the American College
of Cardiology (ACC) AMI GAP QI initiative, which took
place in 2001. Designed to improve the quality of care
according to the ACC/American Heart Association (AHA)
Practice guidelines, the GAP initiative was a multifaceted
intervention consisting of a project kick-off presentation,
creation and implementation of a customized tool kit
which included standardized: a) AMI medication and
treatment order sheets, b) clinical pathways to coordinate
in-hospital care, and c) discharge medication and referral
forms based on ACC/AHA guidelines. Details of the inter-
vention have been described elsewhere [1].

For the HARP-cum-GAP cohort, medical record audits
could be obtained from all 719 ACS patients, who con-
sented to being in the study. While patients in the HARP
study were randomized to a telephone behavioral inter-
vention after hospital discharge, mortality rates between
intervention and control groups did not differ. For the
current analysis, all 710 HARP patients with complete
records were included, after separate analyses involving
only the HARP control group subjects did not show any
difference in observed outcomes or patterns of predictors.

All three studies (MICH I, MICH 11, HARP) were approved
by the University Committee on Research Involving
Human Subjects (UCRIHS) of Michigan State University
and by each of the participating Hospital Institutional
Review Boards before data were collected.

Measures

For all three cohorts, mortality information, extending to
at least one year of follow-up after the index hospitaliza-
tion, was obtained from the Michigan Bureau of Vital Sta-
tistics. Predictor variables included demographic
information, such as age (in years), gender (female vs.
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male), minority status (minority vs. non-Hispanic
whites); type of health insurance (private/commercial,
Medicare, Medicaid, none); indicators of the severity of
the disease (ejection fraction, number of diseased vessels)
and co-morbid conditions [9]; and in-hospital treatment
information concerning the invasive procedure and treat-
ments performed: Coronary Artery Bypass Graft Surgery
(CABG), Percutaneous Transluminal Angioplasty (PCI),
or Cardiac Catheterization (CATH) only. Finally, we also
obtained information on the in-hospital use of ace-inhib-
itors, beta-blockers and aspirin as well as the discharge
recommendations concerning these medications.

Analysis

Initially, we generated descriptive statistics (means, medi-
ans and percentages) to compare the three study cohorts
in terms of the demographic and clinical characteristics of
patients. Differences between the groups were assessed
using y2 tests for categorical variables and ¢ tests (or Wil-
coxon rank-sum tests) for continuous variables, as appro-
priate. In addition, unadjusted survival curves were
generated using Kaplan-Meier methods [10]. Survival
times were measured twice: (1) At first, we examined sur-
vival in the hospital, counting survival days from the date
of admission to the index hospital to either the date of
death or the date of discharge; (2) then we examined post
hospital survival from the day of discharge to either the
date of death or the censor date of 365 days after the index
hospital admission.

For the multivariate analysis, we employed Cox propor-
tional hazard regressions [10]. The adequacy of the pro-
portional hazard assumptions was assessed, using
graphical methods and the test by Grambsch & Thernau
based on Schoenfeld residuals [11]. The relative strength
of a variable's predictive contribution was estimated using
the chi-square difference statistic, while the models' dis-
crimination abilities were assessed using the C-statistic
[12]. All analyses were carried out with STATA 9.2 soft-
ware.

Results

The demographic characteristics of the three cohorts are
quite similar, even though contrasts reveal that the aver-
age age of patients in the HARP cohort is about 3-5 years
lower than in the MICH cohorts (Table 1). There were
greater differences with respect to the severity of illness.
Members of the HARP cohort generally appear somewhat
healthier, with fewer co-morbid conditions. They also
included relatively few patients with low (<35%) ejection
fractions, if only valid data are included: Among HARP
patients, 12.3% (out of the 612 valid responses) had low
ejection fractions, compared to 13.8% (out of 600) in
MICH 1 and 18.3% (out of 235) in MICH 2. Likewise, the
average number of diseased coronary vessels is somewhat
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lower in the HARP cohort. Concerning invasive diagnostic
procedures and treatments, the main change in these five
hospitals appears to have been a substantial increase in
invasive treatments with PCI, from a low of 26.5% among
MICH 1patients to 48.2% of all patients so treated in the
most recent (HARP) cohort. Similar increases were
observed for medications administered in the hospital
and recommended upon discharge: between 1994 and
2003, the use of Angiotensin Converting Enzyme Inhibi-
tors (ACEIs) and Angiotensin Receptor Blockers (ARBs),
B-blockers and Aspirin increased substantially, both in the
hospital and after discharge. By contrast, use of thrombo-
lytic therapy fell as use of PCI increased.

Figure 1 shows the unadjusted in-hospital survival of the
ACS patients after admission. The mean hospital stay in
the HARP cohort was substantially shorter than for the
two MICH cohorts (10.7 for MICH1, 9.4 for MICH2 and
6.6 for HARP; F(2,1973) = 31.1, p < 0.01). Survival rates
were lower in the earlier MICH cohorts (Mantel-Haen-
szel's Log-rank Test: x2 = 48.02; p < 0.001) compared to
the more recent HARP cohort, while survival differences
between the two MICH cohorts did not reach statistical
significance.

Table 2 presents the adjusted survival rates. All predictor
variables in the model meet the proportionality test for in-
hospital survival. The results indicate a substantial rise in
mortality hazards for patients with more than one co-
morbid condition - the Charlson index includes heart dis-
ease, thus all subjects in this study have one 'co-morbid-
ity', but the logarithmic shape of the fitted line implies
that the impact of additional co-morbid conditions lessens
with the presence of more co-morbid conditions. ACS
patients with ejection fractions of 45% or higher had a
mortality hazard only 38% as large as those for patients
with ejection fractions below 35% (the contrast to the 35-
44% category is also significant - p < 0.03). Invasive pro-
cedures were associated with substantial reductions in
mortality, with hazard ratios of less than 42% compared
to patients who did not undergo invasive procedures
(none of the contrasts among the three listed procedures
is significant). Among the medication categories (ACEIs
and ARBs, aspirin and thrombolytics), three show hazard
ratios whose expected magnitudes were associated with a
risk reduction in mortality of between 44 and 57% (p <
0.005).

Interaction effects between procedures and the use of
medications were generally non-significant, providing no
evidence for cumulative procedure-medication benefits.
However, the interaction between a dichotomized age var-
iable (<65 vs. 65+) and a dichotomized procedure varia-
ble (no invasive procedure vs. having an invasive
procedure) suggested that invasive procedures were more

Page 3 of 8

(page number not for citation purposes)



BMC Health Services Research 2006, 6:140

http://www.biomedcentral.com/1472-6963/6/140

Table I: Patient Characteristics and Treatments in Three Cohorts (n = 1,976)

Variables: MICHI n=814 MICH2 n = 452 HARP n =710 p-value
Demographics:
Age M =638 M=65.6 M =60.7 <0.01
SD =137 SD = 145 SD =127
Gender (male) 510 (62.7%) 266 (58.9%) 443 (62.4%) >0.36
Race (white) 682 (83.8%) 364 (80.5%) 606 (85.4%) >0.09
Charlson Index M =232 M =2.69 M =2.09 <0.01
Med =2 Med =2 Med =2
Range = 1-10 Range = 1-12 Range = 1-12

Ejection Fraction <0.01

<35% 83 (10.2%) 43 (9.5%) 75 (10.4%)

35%—44% 121 (14.9%) 46 (10.2%) 115 (16.0%)

>45% 396 (48.7%) 146 (32.3%) 422 (58.7%)

missing 214 (26.3%) 217 (48.0%) 107 (14.9%)
No. of Vessels <0.01

0 28 (3.5) 14 (3.3) 66 (11.0)

| 196 (24.6) 84 (20.0) 207 (34.3)

2 180 (22.6) 80 (19.0) 155 (25.7)

3 392 (49.2) 243 (57.7) 175 (29.0)
Invasive Procedures and Treatments:
None 200 (24.6) 142 (31.4) 72 (10.5) <0.01
CATH 614 (75.4) 312 (68.4) 638 (89.5) <0.01
PCI 216 (26.5) 136 (30.1) 342 (48.2) <0.01
CABG 185 (22.7) 74 (16.4) 158 (22.3) <0.01
Medications in Hospital:
ACElIs & ARBs 161 (19.8) 154 (34.7) 407 (57.3) <0.01
Beta-Blockers 186 (24.1) 186 (41.2) 500 (70.4) <0.01
Aspirin 498 (61.2) 307 (67.9) 614 (96.5) <0.01
Thrombolytics 480 (59.0) 278 (61.5) 77 (10.9) <0.01
Medications at Hospital Discharge:
ACEls & ARBs 161 (19.8) 154 (34.7) 407 (57.3) <0.01
Beta-Blockers 186 (24.1) 186 (41.2) 500 (70.4) <0.01
Aspirin 498 (61.2) 307 (67.9) 614 (96.5) <0.01

beneficial among younger (<65) ACS patients. Among
younger patients, the overall mortality risk associated
with invasive procedures was only 12% of the risk among
other young patients, who did not get invasive procedures
(HR=0.12, p<0.001). By contrast, among older patients
the mortality risk was reduced to approximately 43% after
an invasive procedure (HR = 0.43, p < 0.001).

Figure 2 shows the unadjusted mortality risks of the ACS
patients after their discharge form the index hospital until
one year after the initial heart event. As the Log-Rank Test
confirms, survival rates differed significantly among the
three cohorts (%2 = 17.55; p < 0.001), but post-hoc com-
parisons revealed that only the MICH 2 cohort had a sig-
nificantly lower unadjusted survival rate than the other
two cohorts.

Table 3 presents the adjusted hazard ratios. Originally, we
tested a hazard model that contained both in-hospital
medication use and discharge medications. However, due
to substantial co-linearity among the hospital and dis-
charge medications, we only retained the discharge medi-
cations in the model presented. Again, all predictor
variables in the model meet the proportionality test for
post-hospital survival. The results indicate the continued
impact of co-morbid conditions and impact of invasive
procedures on post-discharge survival. However, age is
now a predictor of mortality, with the risk of mortality
increasing by 3% for each additional year of age. Among
the discharge medications, the use of beta-blockers
reduces the post-hospital mortality risk almost by half,
while aspirin use reduces it by a third. Finally, the higher
mortality risks among MICH 2 patients disappear, after
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Kaplan Meier Survival Estimates by Cohort
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Unadjusted Survival Curves Comparing Three Patient
Cohorts from the Same Hospitals during Index Hospitaliza-
tion.

accounting for the fact that patients in this cohort had the
highest average age and were least likely to undergo inva-
sive procedures. Thus, no cohort differences in mortality
risks remain, with the largest effect attributable to differ-
ences in invasive procedures (see chi-square difference
values).

http://www.biomedcentral.com/1472-6963/6/140

We also examined overall one-year mortality among all
patients (138 died in the hospital and 152 after discharge
from the hospital), using a Cox proportional hazard
model; but this time, the base hazard was stratified to
account for non-proportionality in the various medica-
tion groups. Again, due to co-linearity among in-hospital
and post discharge medication use, we examined two sep-
arate models with either hospital or discharge medica-
tions as predictors. (The latter proved slightly stronger
predictors of survival). Concerning the cohort compari-
son, overall one-year mortality risks were significantly
larger in the MICH 2 cohort (HR = 1.48, p < 0.001), com-
pared to the MICH 1 cohort, and were significantly
smaller in the HARP cohort (HR = 0.30, p < 0.001). In
short, the differentials in mortality risks, and especially
the improvements apparent in the HARP/GAP cohort, all
accrued during the hospital stay. After their hospital dis-
charge, patients in the more recent HARP/GAP cohort did
not experience additional incremental survival benefits,
but, at the same time, mortality gains in the hospital were
maintained at 1-year follow-up.

Discussion

During recent decades, mortality attributable to coronary
heart disease has declined, particularly among men [13].
These declines have been driven by improved early access
to emergency medical care, but also by changes in treat-

Table 2: Mortality Hazard During Stay at Index Hospital by Patient Characteristics, Treatments and Time Cohort (n = 1,972)

Variables: Hazard Ratios 95% ClI p-value Ay2-value
Age 1.0l 0.99-1.02 >0.28 I.16
Gender (male)* 0.78 0.55-1.10 >0.16 2.01
Race (white)* 1.16 0.73-1.87 >0.53 0.40
Charlson Index*** 2.03 1.43-2.88 <0.01 15.69
Ejection Fraction (<35%)* 8.71%*
35%—44% 0.96 0.46-2.03 >0.92 0.01
>45% 0.38 0.18-0.82 <0.01 6.15
missing 1.00 0.57-1.77 >0.99 <0.01
Invasive Procedures 23.01#*
(none)*
CATH 0.31 0.17-0.58 <0.01 13.56
PCI 0.42 0.23-0.79 <0.01 7.21
CABG 0.19 0.08-0.47 <0.01 13.12
ACElIs & ARBs — in hospital 0.44 0.31-0.64 <0.01 18.66
Beta Blockers — in hospital 0.73 0.48-1.10 >0.13 2.31
Aspirin — in hospital 0.49 0.33-0.71 <0.01 13.87
Thrombolytics — in hospital 0.57 0.39-0.83 <0.01 851
Time Cohorts (MICH I )* 16.95%*
MICH2 |.46 0.99-2.15 >0.05 3.57
HARP 0.16 0.05-0.46 <0.01 11.48
* Reference categories are in parentheses;
** y2.difference value for all categories of variable;
*#* Natural logarithm of Charlson Index
Model Information:
No. of In-hospital Deaths: 138; Model Likelihood Ratio y2 (df: 16) = 282.51;
Harrel's Concordance Statistic: 0.90
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Unadjusted Survival Curves Comparing Three Patient
Cohorts from the Same Hospitals Starting with Hospital Dis-
charge to One Year After Hospital Admission.

ment during hospitalization and after discharge [1,14].
Recent clinical trials testing the management of AMI and
ACS have demonstrated efficacy of invasive hospital man-
agement [15-18]. Cumulative meta-analysis of rand-
omized trials in myocardial infarction has revealed that
long-term administration of beta-blockers leads to reduc-
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tions in cardiac deaths, re-infarction rates, and risks of
sudden death [19]. Similarly, benefits from the appropri-
ate use of aspirin, lipid lowering agents, and ACEIs have
been proven in multi-center, randomized, double-blind,
placebo-control trials [20-23]. Several large-scale observa-
tional studies have also demonstrated a decreased mortal-
ity from adherence to published guidelines, which
emphasize the systematic use of medications such as
ACEIs, ARBs, or B-blockers for all eligible patients follow-
ing AMI or ACS [24-26].

During the 1980s and 1990s, prior to the more recent tri-
als, practice patterns showed increased use of thrombo-
lytic therapy and PCI, and decreased use of CABG in many
geographic areas [27-31]. In the past decade, practice
guidelines have emphasized the use of Aspirin, 3-blockers
and ACEIs during and after hospital discharge for ACS [1].
However, the quality of care for ACS has remained less
than optimal in many settings, and recent studies have
continued to show a lack of adherence to published
guidelines, though improvements have been noted
[1,14,32,33]. Recently, the National Study of Physician
Awareness and Adherence to Cardiovascular Disease Pre-
vention Guidelines in 2005 revealed that only 40-50% of
primary care physicians and cardiologists incorporated
guidelines into clinical practice [34].

Evaluation of changes in practice resulting from exposure
to QI interventions is complicated by the fact that mortal-

Table 3: Mortality Hazard After Discharge from Index Hospital by Patient Characteristics, Treatments and Time Cohort (n = 1,834)

Variables: Hazard Ratios 95% CI p-value Ay2-value
Age 1.03 1.01-1.04 <0.01 15.79
Gender (male)* I.14 0.82-1.59 >0.45 0.57
Race (white)* 0.8l 0.54-1.23 >0.32 0.98
Charlson Index*** 1.8l 1.33-2.46 <0.01 14.45
Ejection Fraction (<35%)* 6.78%*
35%—44% 1.59 0.89-2.83 >0.11 2.49
>45% 0.56 0.31-1.01 >0.05 3.71
missing 1.19 0.68-2.07 >0.54 0.37
Invasive Procedures 19.58**
(none)*
CATH 0.56 0.34-0.91 <0.02 5.45
PCI 0.29 0.16-0.53 <0.01 15.75
CABG 0.39 0.22-0.67 <0.01 11.24
ACEIls & ARBs — discharge 1.06 0.75-1.48 >0.75 0.10
Beta Blockers — discharge 0.54 0.36-0.81 <0.01 8.78
Aspirin — discharge 0.79 0.56-1.10 >0.15 1.99
Time Cohorts (MICH I )* 1.67%
MICH2 1.29 0.87-1.92 >0.21 1.56
HARP I.19 0.77-1.85 >0.43 0.62
* Reference categories are in parentheses;
** y2-difference value for all categories of variable;
*#* Natural logarithm of Charlson Index
Model Information:
No. of Post-Hospital Discharge Deaths: 152; Model Likelihood Ratio %2 (df: I5) = 203.73;
Harrel's Concordance Statistic: 0.81
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ity and other outcomes vary widely depending on
patients' risk profile [35]. Clinical characteristics, such as
co-morbid conditions and ejection fraction, substantially
influence post-AMI and ACS survival. While some clini-
cians are reluctant to treat frail patients aggressively, inva-
sive procedures for sicker patients with more co-morbid
conditions and lower ejection fractions have often been
advocated [28,36-38]. Finally, there is substantial evi-
dence that socio-demographic characteristics such as
increased age, minority race or ethnicity, and low income/
low socio-economic status are predictors of in- and post-
hospital mortality [4,38,39].

The evidence presented here is based on the comparison
of historical cohorts. While such comparisons are, in prin-
ciple, vulnerable to changes in population characteristics
as well as changes in technology increasing the probabil-
ity of incommensurate assessments, we believe that the
current comparison sheds light on how changing practice
patterns can have large effects on clinical outcomes. Since
the comparisons were based on ACS patients presenting
in the same hospitals in communities, whose populations
remained stable over the last decade with little in- and
out-migration, and since all three patient cohorts had to
meet very similar eligibility criteria, the threat of selection
bias appears small. In addition, we controlled statistically
for demographic indicators (age, gender, race) as well as
indicators of the disease severity (ejection fractions) and
co-morbid conditions. However, we do acknowledge that
information about ST elevation was not obtained in all
cohorts and could not be used as a control variable.

Conclusion

The finding that the most recent cohort (HARP/GAP) had
substantially reduced hospital mortality is highly encour-
aging particularly in light of the fact that post-discharge
mortality benefits were maintained, even when consider-
ing that many of the sicker patients survived their hospital
stay in the later cohort. For example, 24.6% and 22.3% of
the patients with 4 or more co-morbid conditions in the
MICH 1 and MICH 2 cohorts respectively died during
their hospital stay, while only 2.4% of the patients in
HARP/GAP with 4 or more co-morbid conditions died in
the hospital. Similarly, while 14.4% (17.8%) of the MICH
1 (MICH 2) patients over 64 years of age died in the hos-
pital, that rate was cut to 0.7% among the older patients
of the HARP/GAP cohort. While progress has also been
made among the younger and healthier ACS patients, the
advances among older and sicker patients are particularly
impressive. This analysis shows that the in-hospital mor-
tality improvements were sustained in the first year post-
hospitalization, despite shortened length of stay. It
appears that a quality improvement initiative has shown
substantial improvement in survival for ACS patients
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attributable to increased use of effective treatments, while
decreasing length of hospital stay.

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

Authors' contributions

MS was primary author and statistical analyst. AO wrote
and revised sections of the paper and provided medical
expertise. MHR designed the study, contributed to the
conceptualization of the paper and wrote sections of the
paper. WC provided information for and wrote a section
of the paper. JCG provided analytical advice and contrib-
uted to an early version of the paper. All authors read and
approved the final manuscript.

Acknowledgements

This project was funded in part by the Agency for Healthcare Research &
Quality, Grants ROI HS10531 (Margaret Holmes-Rovner, Pl) and ROI
HS09514-S1 (Ade Olumu, Pl), the Blue Cross/Blue Shield of Michigan Foun-
dation, the Michigan State University Foundation, and each of the hospitals
that participated in the study.

The authors wish to acknowledge the assistance of Glenn Copeland, the
State Registrar, Division of Vital Statistics, Michigan Department of Com-
munity Health, for assistance in obtaining mortality data and Professors Kim
Eagle, Albion Walter Professor of Internal Medicine, University of Michigan,
David Rovner, College of Medicine, Michigan State University and Mary
Franklin, College of Nursing, Michigan State University for a critical review
and advice.

References

I. Mehta RH, Montoye CK, Gallogly BA, Baker P, Blount A, Faul ], Roy-
choudhury C, Borzak S, Fox S, Franklin M, Freundl M, Kline-Rogers E,
LaLonde T, Orza M, Parrish R, Satwicz M, Smith M}, Sobotka P, Win-
ston S, Riba AA, Eagle KA: Improving quality of care for acute
myocardial infarction: The Guidelines Applied in Practice
(GAP) Initiative. JAMA 2002, 287:1269-76.

2. Eagle KA, Gallogly M, Mehta RH, Baker PL, Blount A, Freundl M, Orza
MJ, Parrish R, Riba AL, Montoye CK: Taking the National Guide-
line for Care of Acute Myocardial Infarction to the Bedside.
Jt Comm | Qual Improv 2002, 28:5-19.

3.  Eagle KA, Kline-Rogers E, Goodman SG, Gurfinkel EP, Azevum A,
Flather MD, Granger CB, Erickson S, White K, Steg PG: Adherence
to evidence-based therapies after discharge for acute coro-
nary syndromes: An ongoing prospective, observational
study. Am | Med 2004, 117:73-81.

4.  Watson RE, Stein AD, Dwamena FC, Kroll ], Mitra R, MciIntosh BA,
Vasilenko P, Holmes-Rovner MM, Chen Q, Kupersmith J: Do race
and gender influence the use of invasive procedures? | Gen
Intern Med 2001, 16:227-34.

5.  Barber K, Stommel M, Kroll J, Holmes-Rovner MM, Mcintosh BA:
Cardiac rehabilitation for community-based patients with
myocardial infarction: Factors predicting discharge recom-
mendation and participation. | Clin Epi 2001, 54:1025-30.

6. Dwamena FC, El Tamimi H, Watson RE, Kroll }, Stein AD, McLane A,
Holmes-Rovner MM, Mcintosh BA, Kupersmith J: The use of angi-
otensin-converting enzyme inhibitors in patients with acute
myocardial infarction in community hospitals. Michigan
State University Inter-Institutional Collaborative Heart
(MICH) Study Group. Clin Cardiol 2000, 23:341-6.

7. Census Bureau. County Population Datasets
www.census.gov/popest/datasets.html].

8. Olomu AB, Watson RE, Siddigi AE, Dwamena FC, Mcintosh B,
Vasilenko P, Kupersmith J, Holmes-Rovner MM: Changes in rates

2006 [http://

Page 7 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11886318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11787240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11787240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15234641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11318923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11318923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10803442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10803442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10803442
http://www.census.gov/popest/datasets.html
http://www.census.gov/popest/datasets.html
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482551

BMC Health Services Research 2006, 6:140

20.

21.

22.

23.

24.

25.

of beta-blocker use in community hospital patients with
acute myocardial infarction. | Gen Intern Med 2004, 19:999-1004.
Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of
classifying prognostic comorbidity in longitudinal studies:
Development and validity. | Chron Dis 1987, 40:373-83.

Hosmer DV, Lemeshow S: Applied Survival Analysis: Regres-
sion Modeling of Time to Event Data. New York, NY: John Wi,
Mark DBley & Sone, Inc; 2002.

Grambsch PM, Thernau TM: Proportional hazard tests and diag-
nostics based on weighted residuals.  Biometrika 1994,
81:515-26.

Harrel FE, Lee KA, Mark DB: Multivariable prognostic models:
Issues in developing models, evaluating assumptions and
adequacy, and measuring and reducing errors. Stat Med 1996,
15:361-87.

Centers for Disease Control and Prevention. Health, United
States, 2005. Hyattsville, MD: DHHS; 2005.

Silvet H, Spencer F, Yarzebski ], Lessard D, Gore JM, Goldberg RJ:
Communitywide trends in the use and outcomes associated
with B-blockers in patients with acute myocardial infarction.
Arch Intern Med 2003, 163:2175-83.

Cannon CP, Weintraub WS, Demopoulos LA, Robertson DH, Gorm-
ley GJ, Braunwald E: Invasive versus conservative strategies in
unstable angina and non-Q-wave myocardial infarction fol-
lowing treatment with tirofiban: rationale and study design
of the international TACTICS-TIMI 18 Trial. Treat Angina
with Aggrastat and determine Cost of Therapy with an Inva-
sive or Conservative Strategy. Thrombolysis In Myocardial
Infarction. Am J Cardiol 1998, 82:731-6.

Anonymous: Seven-year outcome in the Bypass Angioplasty
Revascularization Investigation (BARI) by treatment and
diabetic status. | Am Coll Cardiol 2000, 35:1122-9.

Hueb W, Soares PR, Gersh B, Cesar LA, Luz PL, Puig LB, Martinez
EM, Oliveira SA, Ramirez JA: The medicine, angioplasty, or sur-
gery study (MASS-II): a randomized, controlled clinical trial
of three therapeutic strategies for multivessel coronary
artery disease: one-year results. | Am Coll Cardiol 2004,
43:1743-51.

Yan AT, Yan RT, Tan M, Eagle KA, Granger CB, Dabbous OH, Fitch-
ett D, Grima E, Langer A, Goodman S: In-hospital Revasculariza-
tion and One-Year Outcome of Acute Coronary Syndrome
Patients Stratified by the GRACE Risk Score. Amer | Cardiol
2005, 96:913-6.

Lau J, Antman EM, Jimenez-Silva ], Kupelnick B, Mosteller F, Chalmers
TC: Cumulative meta-analysis of therapeutic trials for myo-
cardial infarction. N Engl | Med 1992, 327:248-54.

Petersen P, Boysen G, Godtfredsen |, Andersen ED, Andersen B: Pla-
cebo-controlled, randomised trial of warfarin and aspirin for
prevention of thromboembolic complications in chronic
atrial fibrillation. The Copenhagen AFASAK study. Lancet
1989, 1:175-9.

Juul-Moller S, Edvardsson N, Jahnmatz B, Rosen A, Sorensen S, Omb-
lus R: Double-blind trial of aspirin in primary prevention of
myocardial infarction in patients with stable chronic angina
pectoris. The Swedish Angina Pectoris Aspirin Trial
(SAPAT) Group. Lancet 1992, 340:1421-5.

Sacks FM, Pfeffer MA, Moye LA, Rouleau JL, Rutherford JD, Cole TG,
Brown L, Warnica JW, Arnold JMO, Wun CC, Davis BR, Braunwald
E: The Cholesterol and Recurrent Events Trial Investigators.
The effect of pravastatin on coronary events after myocar-
dial infarction in patients with average cholesterol levels. N
Engl ] Med 1996, 335:1001-19.

Hennekens CH, Sacks FM, Tonkin A, Jukema JWV, Byington RP, Pitt B,
Berry DA, Berry SM, Ford NF, Walker A, Natarajan K, Sheng-Lin C,
Fiodorek FT, Belder R: Additive benefits of pravastatin and
aspirin to decrease risks of cardiovascular disease: rand-
omized and observational comparisons of secondary preven-
tion trials and their meta-analyses. Arch Intern Med 2004,
164:40-4.

Johnson D, Jin Y, Quan H, Cujec B: Beta-blockers and angi-
otensin-converting enzyme inhibitors/receptor blockers
prescriptions after hospital discharge for heart failure are
associated with decreased mortality in Alberta, Canada. | Am
Coll Cardiol 2003, 42:1438-45.

Lappé JM, Muhlestein |B, Lappé DL, Badger RS, Bair TL, Brockman R,
French TK, Hofmann LC, Horne BD, Kralick-Goldberg S, Nicponski

http://www.biomedcentral.com/1472-6963/6/140

N, Orton JA, Pearson RR, Renlund DG, Rimmasch H, Roberts C,
Anderson JL: Improvements in |-year cardiovascular clinical
outcomes associated with hospital-based discharge medica-
tion program. Ann Intern Med 2004, 141:446-53.

26. Pilote L, Abrahamowicz M, Rodrigues E, Eisenberg M), Rahme E: Mor-
tality rates in elderly patients who take different angi-
otensin-converting enzyme inhibitors after acute
myocardial infarction: a class effect? Ann Intern Med 2004,
141:102-12.

27. Goldberg RJ, Gurwitz |H: Disseminating the results of clinical
trials to community-based practitioners: is anyone listening?
Am Heart L 1999, 137:4-7.

28. Bhatt DL, Topol EJ: Percutaneous coronary intervention for
patients with prior bypass surgery: therapy in evolution. Am
J Med 2000, 108:176-7.

29. Daneman N, Austin PC, Tu JV: Investigating the determinants of
decreasing postmyocardial infarction mortality: an analysis
of in-hospital data from 1992 and 1997. Can ] Cardiol 2001,
17:771-6.

30. Rogers W), Canto ]G, Lambrew CT, Tiefenbrunn AJ, Kinkaid B,
Shoultz DA, Frederick PD, Every N: Temporal trends in the
treatment of over |.5 million patients with myocardial inf-
arction in the US from 1990 through 1999: the National Reg-
istry of Myocardial Infarction I, 2 and 3. | Am Coll Cardiol 2000,
36:2056-63.

31. Borkon AM, Muehlebach GF, House J, Marso SP, Spertus JA: A com-
parison of the recovery of health status after percutaneous
coronary intervention and coronary artery bypass. Ann Thorac
Surg 2002, 74:1526-30.

32.  Frilling B, Schiele R, Gitt AK, Zahn R, Schneider S, Glunz H-G, Giese-
ler U, Jagodzinski E, Senges J: Too little aspirin for secondary pre-
vention after acute myocardial infarction in patients at high
risk for cardiovascular events: results from the MITRA study.
Am Heart | 2004, 148:306-1 I.

33. Ellerbeck EF, Jencks SF, Radford M), Kresowik TF, Carig AS, Gold JA,
Krumholz HM, Vogel RA: Quality of care for Medicare patients
with acute myocardial infarction. A four-state pilot study
from the Cooperative Cardiovascular Project. JAMA 1995,
273:1509-14.

34. Mosca L, Linfante AH, Benjamin EJ, Berra K, Hayes SN, Walsh BW,
Fabunmi RP, Kwan J, Mills T, Simpson SL: National study of physi-
cian awareness and adherence to cardiovascular disease pre-
vention guidelines. Circulation 2005, 111:499-510.

35. Antman EM, Cohen M, Bernink P}, McCabe CH, Horacek T, Papuchis
G, Mautner B, Corbalan R, Radley D, Braunwald E: The TIMI risk
score for unstable angina/non-ST elevation MI: A method for
prognostication and therapeutic decision-making. JAMA 2000,
284:835-42.

36. O'Connor GT, Quinton HB, Traven ND, Ramunno LD, Dodds TA,
Marciniak TA, Wennberg JE: Geographic variation in the treat-
ment of acute myocardial infarction: the Cooperative Cardi-
ovascular Project. JAMA 1999, 281:627-33.

37. Guadagnoli E, Landrum MB, Normand SL, Ayanian JZ, Garg P, Haupt-
man PJ, Ryan TJ, McNeil B): Impact of underuse, overuse, and
discretionary use on geographic variation in the use of coro-
nary angiography after acute myocardial infarction. Med Care
2001, 39:446-58.

38. Lloyd-Jones DM, Camargo CA, Allen LA, Giugliano RP, O'Donnell CJ:
Predictors of long-term mortality after hospitalization for
primary unstable angina pectoris and non-ST-elevation myo-
cardial infarction. Am J Cardiol 2003, 92:1155-9.

39. Gardner SC, Grunwald GK, Rumsfeld ]S, Mackenzie T, Gao D, Perlin
JB, McDonald G, Shroyer AL: Risk factors for intermediate-term
survival after coronary artery bypass grafting. Ann Thorac Surg
2001, 72:2033-7.

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

http://www.biomedcentral.com/1472-6963/6/140/pre
pub

Page 8 of 8

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15482551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3558716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3558716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3558716
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8668867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14557215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9761082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10758950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10758950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10758950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15145093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15145093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15145093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16188515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1614465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1614465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2563096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2563096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2563096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1360557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8801446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8801446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8801446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14718320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14718320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14718320
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14563589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14563589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14563589
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15381518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15381518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15381518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15262665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15262665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15262665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11126314
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11468643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11468643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11468643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11127441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11127441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11127441
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12440603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12440603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12440603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15309001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15309001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7739077
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15687140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10938172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10938172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10938172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10029124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11317093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11317093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11317093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14609588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14609588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14609588
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11789789
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11789789
http://www.biomedcentral.com/1472-6963/6/140/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design
	Setting and participants
	Measures
	Analysis

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

