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Nurse Staffing and Mortality for Medicare Patients with
Acute Myocardial Infarction
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Context: Recent hospital reductions in registered nurses (RNs) for
hospital care raise concerns about patient outcomes.
Objective: Assess the association of nurse staffing with in-hospital
mortality for patients with acute myocardial infarction (AMI).
Design, Setting, and Patients. Medical record review data from the
1994–1995 Cooperative Cardiovascular Project were linked with
American Hospital Association data for 118,940 fee-for-service
Medicare patients hospitalized with AMI. Staffing levels were rep-
resented as nurse to patient ratios categorized into quartiles for RNs
and for licensed practical nurses (LPNs).
Main Outcome Measures. In-hospital mortality.
Results: From highest to lowest quartile of RN staffing, in-hospital
mortality was 17.8%, 17.4%, 18.5%, and 20.1%, respectively (P �
0.001 for trend). However, from highest to lowest quartile of LPN
staffing, mortality was 20.1%, 18.7%, 17.9%, and 17.2%, respec-
tively P � 0.001). After adjustment for patient demographic and
clinical characteristics, treatment, and for hospital volume, technol-
ogy index, and teaching and urban status, patients treated in envi-
ronments with higher RN staffing were less likely to die in-hospital;
odds ratios (95% confidence intervals) of quartiles 4, 3, and 2 versus
quartile 1 were 0.91 (0.86–0.97), 0.94 (0.88–1.00), and 0.96 (0.90–
1.02), respectively. Conversely, after adjustment, patients treated in
environments with higher LPN staffing were more likely to die
in-hospital; odds ratios (95% confidence intervals) of quartiles 4, 3,
and 2 versus quartile 1 were 1.07 (1.00–1.15), 1.02 (0.96–1.09), and
1.00 (0.94–1.07), respectively.
Conclusions: Even after extensive adjustment, higher RN staffing
levels were associated with lower mortality. Our findings suggest an
important effect of nurse staffing on in-hospital mortality.
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Over the past decade, many hospitals in the United States
have undergone major operational reengineering in an

attempt to both increase efficiency and decrease costs. These
efforts often included reductions in the number of registered
nurses (RNs) and increases in less well-educated “nurse
extender” personnel.1–5 Such changes frequently led to the
movement of RNs into management roles and away from
direct patient contact.6 In response to these cost-containment
measures, there has been a call for governmental regulation
of minimum staffing levels to protect the quality of care
received by hospitalized patients.7

Concerns about inadequate RN-to-patient ratios led to a
congressionally mandated Institute of Medicine (IOM) re-
port.8 This report revealed that the effects of staffing reengi-
neering on patient outcomes had not been adequately ad-
dressed and raised the possibility of deleterious effects on
quality of care. There have been several studies of the
association between nurse staffing ratios and patient out-
comes.2,9–15 However, the available studies typically do not
account adequately for potential confounding influences.
Consequently, the IOM urgently called for more empiric
research. In an attempt to address concerns about quality of
care, California became the first state to mandate minimum
nurse to patient staffing ratios.16

We examined the association between nurse staffing
ratios and mortality for Medicare patients with acute myo-
cardial infarction (AMI) during 1994–1995. Although quality
of care is influenced by all components of the healthcare
team, we hypothesize that both physician and nursing actions
influence mortality, each separately, and also in their actions
as a team. Our main hypothesis is that nurse staffing ratios are
associated with quality of care that is attributable to nursing.
Specifically, we were interested in whether these ratios had
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an effect on in-hospital mortality independent of patient
characteristics, treatment, and hospital characteristics. We
obtained patient characteristics using medical record abstrac-
tions from the Cooperative Cardiovascular Project (CCP)
dataset and nurse staffing ratios from the contemporaneous
American Hospital Association (AHA) survey of hospital
characteristics. By combining these data sets, we were able to
perform extensive adjustment for both patient-level and hos-
pital characteristics.

MATERIALS AND METHODS

Study Sample
The CCP was a national quality improvement project

sponsored by the Centers for Medicare and Medicaid Ser-
vices (CMS) to improve the care for Medicare patients
hospitalized with AMI.17,18 The original data set contained
234,754 randomly selected Medicare fee-for-service benefi-
ciaries from all 50 states and almost all US acute care
hospitals who were hospitalized with AMI from February
1994 through July 1995. Patients selected, using Medicare
administrative data, were those having a principal discharge
diagnosis code of 410 (AMI) according to the International
Classification of Diseases, Ninth Revision, Clinical Modifi-
cation. Included were patients from 6668 hospitals.19 Medi-
cal record abstractors, centrally located and trained, reviewed
the complete medical record to gather detailed clinical infor-
mation for each hospitalization.20

Patients were excluded for the following reasons: AMI
not confirmed by clinical criteria (n � 29,885), second
hospital admission for AMI (n � 22,773), age younger than
65 years (n � 17,591), transferred to an index hospital (n �
39,025), transferred from an index hospital within 24 hours of
admission (n � 42,176), or unclear nurse staffing ratios (n �
6254). Patients were confirmed as having AMI according to
the clinical criteria listed by Marciniak et al.20

Hospital Characteristics
We merged the CCP dataset with the contemporaneous

AHA Survey to obtain hospital characteristics.21,22 To repre-
sent hospital volume, we used the total number of CCP
patients at the hospital.23 We quantified nurse staffing levels
with 2 separate variables: the ratio of full-time equivalent
RNs to average daily census (ADC) and the ratio of full-time
equivalent licensed practical nurses (LPNs) to ADC. RNs
constitute a more extensively trained category of nursing
personnel than LPNs. In the AHA dataset, ADC was defined
as the ratio of inpatient days to the number of days in the
reporting period, and full-time equivalent was defined as the
number of full-time personnel plus 0.5 times the number of
part-time personnel. Vocational nurses were also counted as
LPNs. If a hospital had an ADC equal to zero or if the ADC
or number of full-time equivalent RNs or LPNs was un-

known, then they were deemed to have unclear nurse staffing
level and were excluded from the analyses. The number of
RNs and LPNs were a representation of the entire hospital
rather than specialized units. Staffing for both RNs and LPNs
was categorized by their respective quartiles of nurse to ADC
ratio. In addition to the nurse staffing variables, a variable
representing nursing skill mix was constructed by taking the
ratio of RNs to LPNs.

To determine hospital teaching status, we merged the
CCP data set with CMS administrative data to derive the
intern to bed ratio (I/B) for each hospital. Hospitals with ratio
greater than 0.11 (the median I/B ratio of all teaching hospi-
tals in our study data set) were classified as major teaching
hospitals; those with an I/B ratio less than or equal to 0.11 but
greater than 0 were classified as minor teaching hospitals; and
those with an I/B of 0 were considered nonteaching hospitals.

As part of the CCP, key prescribing measures for the
management of AMI were developed from the guidelines
issued by the American Heart Association and the American
College of Cardiology.24 For our analyses, we chose 4 key
prescribing measures that might be markers for better pro-
cesses of care initiated by physicians but not necessarily
directly related to nursing activities: 1) provision of acute
reperfusion therapy (including thrombolysis or primary an-
gioplasty) on admission, 2) administration of aspirin during
hospitalization, 3) administration of angiotensin-converting
enzyme inhibitors at discharge, and 4) administration of
�-blockers at discharge. These measures have been previ-
ously validated25 and are linked to favorable outcomes by
clinical evidence.26,27,20

Mortality
We determined the mortality status of each patient

during hospitalization and at 30 days after hospital admission
from Medicare administrative data. We recognize that 30-day
mortality is considered a standard for reporting hospital
mortality, the reason for including this outcome in our anal-
yses. However, we primarily modeled in-hospital mortality,
which may be most directly affected by in-hospital nursing
events.

Statistical Analysis
We categorized RN and LPN staffing ratios into their

respective quartiles and compared patient baseline demo-
graphics and severity of illness across these levels using the
�2 statistic for categorical variables, Cochran-Armitage test
for trend,28,29and the t test for continuous variables.30 Also,
because 6254 patients were excluded due to unclear nurse
staffing levels, we compared mortality rates between those
that were excluded and those included in the analysis.

We considered the patient to represent a repeated mea-
surement of hospital performance and developed 5 separate
multivariable logistic models, all with in-hospital mortality as
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the dependent variable.31 RN and LPN staffing quartiles were
included as the main independent variables in 4 of the models
(models 1, 3, 4, and 5). Model 1 adjusted for nursing skill mix
(RN/LPN ratio), patient demographics (age, gender, and
ethnicity), and severity of illness as defined by Krumholz et
al,32 using the clinical variables demonstrated to most parsi-
moniously predict short-term mortality in the CCP dataset.
These variables included cardiac arrest on admission, con-
gestive heart failure, systolic blood pressure on admission,
serum creatinine levels, white blood cell count, and anterior
or lateral AMI.

The predicted probability of death based on these vari-
ables was used in comparisons across nurse staffing levels.
To replicate and expand upon results found by Allison et al33

using this same dataset, model 2 only included teaching
status, patient demographics, and severity of illness. To
examine whether nurse staffing explains the associations of
teaching status and mortality, model 3 included nurse staff-
ing, teaching status, patient demographics, and severity of
illness. Model 4 built upon the previous model by adding
hospital characteristics, including those used in previous
studies such as patient volume, rural/urban, and teaching
status.23,33 We also defined a hospital technology index based
on the ability to perform coronary angiograms, percutaneous
coronary interventions, and bypass grafting.

The final model (model 5) adjusted for patient demo-
graphics, severity of illness, hospital characteristics, and
receipt of key prescribing measures for AMI. These measures
were included for all patients and not restricted to ideal
candidates. Previous work has shown that the teaching status/
mortality association was partially explained by these treat-
ment measures.33 Since these treatment measures are mostly
under the control of physicians rather than nurses, we used
them in our final models to investigate potential residual
confounding by other, unmeasured, hospital characteristics of
the nurse staffing/mortality associations.

Out of concern for the possible introduction of bias due
to excluding patients who transferred out of the hospital, all
analyses were repeated without applying this exclusion cri-
terion. All models adjusted for clustering within-hospital
using generalized estimating equation methodology with an
exchangeable correlation structure.34 Before proceeding with
models that used nurse staffing (both RN and LPN) as
categorical variables, we first checked whether linearity as-
sumptions would be violated by treating nurse staffing as a
continuous variable.35 Important 2-way interactions between
RN staffing and LPN staffing, RN staffing and teaching
status, LPN staffing and teaching status, RN staffing and
urban status, and LPN staffing and urban status were exam-
ined. The c statistic was used to assess model discrimina-
tion36 and the Akaike information criterion was used to
compare relative model fit.37 All analyses were conducted
using SAS version 8.0.38

RESULTS
The study sample included 118,940 of the 234,754

patients and 4401 of the 6668 hospitals in the original CCP
data set. The majority of the hospitals not included were
excluded for criteria other than unclear nurse staffing (only
12% of the 2267 hospitals lost were excluded due to unclear
nurse staffing). The 75th, 50th, and 25th percentiles for the RN
to ADC ratios were 2.13, 1.72, and 1.40, respectively. The
corresponding percentiles for LPN to ADC ratios were 0.38,
0.23, and 0.13, respectively. No difference in mortality was
found between those with clear nurse staffing levels and those
with unclear nurse staffing levels (results not shown). Patients
treated in higher RN staffing environments had access to
more technology and were more likely to be in teaching
hospitals (Table 1). Our sample size was large, and there were
many other statistically significant differences in the groups,
but they were modest, and they were likely not clinically
significant (Tables 1 and 2).

Linearity assumptions for treating nurse staffing as a
continuous variable were not met; hence, only analyses that
used categorical representations for nurse staffing (both RN
and LPN) were considered. Mortality for patients treated in
higher RN staffing environments was lower than for those
treated in lower RN staffing environments (Fig. 1). In con-
trast, mortality for patients treated in higher LPN staffing
environments was higher than those treated in lower LPN
staffing environments (Fig. 1).

Although attenuated, nurse staffing/mortality associa-
tions remained significant after adjustment for patient and
hospital characteristics, nursing skill mix, and receipt of key
prescribing measures (Table 3). Model 1 shows that patient
characteristics did not explain our observed nurse staffing/
mortality associations. Model 2 replicates a step in previous
CCP analyses33 and, combined with Model 3, shows that the
association between teaching status and mortality is partially,
but not entirely, explained by nurse staffing levels. In addi-
tion, Model 3 shows that the nurse/staffing mortality associ-
ation is not explained by teaching status. Model 4 shows
persistence, albeit somewhat attenuated, of the nurse staffing/
mortality association after additional hospital characteristics
are added to Model 3. Finally, Model 5 shows that when
treatment is added to the previous models, the nurse staffing/
mortality association is attenuated further, but significant
associations between the highest levels of RN staffing and
lowest levels of LPN staffing persist. Nursing skill mix was
found not to have an independent association with mortality.
No significant interactions between RN staffing levels and
LPN staffing levels, nurse staffing (both RN and LPN), and
teaching status or urban status were detected.

Mortality/nurse staffing associations, both before and
after adjustments, were similar when in-hospital mortality
was replaced with mortality at 30 days following admission
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(results not shown). In addition, these findings held in anal-
yses that retained patients who transferred out of the hospital
(results not shown).

DISCUSSION
We found that Medicare patients with AMI who were

treated in higher RN staffing environments had a significant

in-hospital mortality advantage, as did patients treated in
lower LPN staffing environments. These unadjusted survival
advantages (approximately 2% differential between lowest
and highest quartiles of both RN and LPN staffing) persisted
after extensive multivariable adjustment for patient charac-
teristics and hospital characteristics. The mortality differ-
ences we observed are related to differences in hospital

TABLE 2. Selected patient characteristics by RN staffing level (mean, SD, and percents); Cooperative Cardiovascular Project,
1994-1995

Characteristic
Overall

(N � 118,940)

Quartile 4 RN
staffing

(N � 29,726)

Quartile 3 RN
staffing

(N � 29,669)

Quartile 2 RN
staffing

(N � 29,882)

Quartile 1 RN
staffing

(N � 29,663)

P Value
for

trends

Age, mean (SD) 77.4 (7.5) 77.3 (7.5) 77.2 (7.5) 77.3 (7.5) 77.9 (7.6) �0.001
Female, % 50.7 50.0 50.3 50.4 51.9 �0.001
Race/ethnicity, %

African American 6.5 5.3 7.0 6.5 7.3
Caucasian 89.7 91.8 90.4 89.7 87.0 �0.001
Other 3.8 2.9 2.6 3.8 6.8

Chronic renal failure, % 5.4 5.2 5.7 5.6 5.2 0.80
Congestive heart failure, % 44.8 43.1 44.3 45.3 46.6 �0.001
Diabetes, % 26.0 25.3 25.6 26.2 26.8 �0.001
Hypertension, % 37.9 38.4 38.4 38.1 37.0 �0.001
Prior myocardial infarction, % 69.2 68.4 68.5 69.3 70.0 �0.001
Stroke, % 15.3 15.4 15.4 15.0 15.3 0.35
Predicted probability of death,

mean (SD)*
0.18 (0.2) 0.18 (0.2) 0.18 (0.2) 0.19 (0.2) 0.19 (0.2) �0.001

*Predicted probability of death was calculated using severity of illness variables found to most parsimoniously predict short-term mortality. A listing of
these variables can be found in the Statistical Analysis section.

TABLE 1. Selected hospital characteristics by RN staffing level (mean, SD, and percents); Cooperative Cardiovascular Project,
1994-1995*

Characteristic
Overall

(N � 118,940)

Quartile 4
RN staffing

(N � 29,726)

Quartile 3
RN staffing

(N � 29,669)

Quartile 2
RN staffing

(N � 29,882)

Quartile 1
RN staffing

(N � 29,663)

P Value
for

trend

Teaching status, %
Major teaching 18.4 19.9 20.6 18.4 14.9
Minor teaching 20.8 19.7 21.2 23.8 18.6 �0.001
Nonteaching 60.8 60.5 58.2 57.8 66.6

Hospital volume 67.2 (52.7) 61.2 (52.4) 75.3 (56.2) 77.7 (54.0) 54.4 (43.6) �0.001
Coronary angiogram capable, % 62.0 65.9 68.5 66.4 47.4 �0.001
Percutaneous transluminal coronary

angioplasty (PTCA) capable, %
46.5 50.3 54.5 52.2 28.7 �0.001

Coronary artery bypass grafting
(CABG) capable, %

42.6 46.8 52.2 46.2 24.9 �0.001

Bed size, mean (SD) 301.7 (194.9) 285.3 (206.8) 327.4 (195.4) 327.5 (184.1) 265.0 (180.2) �0.001
Urban, % 81.1 79.9 85.5 85.8 72.9 �0.001
RN/ADC Ratio, mean (SD) 1.80 (0.7) 2.66 (0.6) 1.91 (0.1) 1.57 (0.1) 1.06 (0.3) —
LPN/ADC ratio, mean (SD) 0.30 (0.3) 0.36 (0.4) 0.28 (0.3) 0.3 (0.2) 0.27 (0.2) �0.001
Skill mix (RN/LPN) ratio, mean (SD) 14.6 (30.6) 19.8 (38.7) 16.3 (25.2) 12.3 (26.6) 10.0 (29.4) �0.001

*Characteristics are for the hospital, but the patient is the unit of analyses (eg, 18.4% of all patients were admitted teaching hospitals, and 19.9% of all
patients in highest RN quartile were admitted to teaching hospitals).
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staffing patterns and may derive from substitution of person-
nel with less training or experience to perform required
assessment, clinical judgment, and/or sophisticated technical
functions.39 These substitutions may result in poorer quality
of care and higher mortality and are generally met with much
resistance and concern by RNs for the safety of patients.40

Although some previous studies have found a positive
relationship between level of nurse staffing and favorable
patient outcomes,2,6,12,41–47 this has not been a completely
consistent finding.9,48–50 In a recent study, Needleman and
colleagues51 found that a higher proportion of hours of
nursing care by RNs was associated with better outcomes for
hospitalized patients. This study was not conducted in an
AMI population, however, and lacked detailed adjustment for
treatment variables. The relationship between higher RN/
patient ratios or RN/nursing staff ratios and better outcomes
has also been observed in other studies.2,42,44,51–56

Focusing specifically on mortality, other studies have
found an inverse relationship with nurse staffing.8,43,57–59 For
example, Hartz and colleagues12 found that hospitals that had
a higher RN to total nurse ratio had lower mortality. In
addition, hospitals that had more RNs per bed had lower
mortality.60

With this same CCP data set, Allison and colleagues33

described the association of teaching status with better quality
of care and lower mortality. Similarly, Thiemann and col-
leagues23 found an association between mortality and AMI
patient volume. Our study builds upon these previous analy-
ses by demonstrating that nurse staffing explains part of these
effects. Nonetheless, even after adjustment for technology
index, teaching status, rural/urban status, and volume there
was still a mortality advantage for those treated in environ-
ments with higher RN staffing. Allison et al33 found that
adjustment for patient characteristics and receipt of 4 key
prescribing measures greatly attenuated the mortality differ-

ence between teaching and nonteaching hospitals. This sug-
gested that the survival advantage of patients admitted to
teaching hospitals may be due to better processes of care, as
identified by these key prescribing measures.

Notwithstanding a pilot study showing that appropri-
ately educated nurses can assess patients with suspected AMI
accurately for thrombolytic therapy,61 our 4 key prescribing
measures reflect initiation of therapy by physicians and do not
fall under the direct purview of nursing staff. These key
prescribing measures might, however, also be markers of a
more favorable hospital environment, possibly confounding
the association between nurse staffing and mortality. There-
fore, our final model adjusted for the same 4 key prescribing
measures that Allison et al33used. We found that, although
attenuated, the mortality advantage for those treated in higher
RN staffing environments persisted. These results suggest
that nurse staffing may have an independent effect beyond
that of institutional resources and beyond the effect of better
processes of care that are not directly related to RN staffing.

Plausible explanations for the nurse staffing/mortality
associations include that RNs contribute independently and
importantly to the quality of patient care. Possible mecha-
nisms include the fact that RNs are skilled in delivering
aspects of care that are highly relevant to patient well-being.
Furthermore, because physicians have limited time to spend
with patients, they often rely on RNs to alert them to evidence
of complications of AMI such as congestive heart failure,
recurrent ischemia,62,63and the development of pulmonary
edema. In their landmark article published in 1967, Killip and
Kimball64 found that the delegation of some medical author-
ity to trained nurses reduced mortality among AMI patients in
a coronary care unit. In addition, RNs are critical for imple-
menting standardized order sets and clinical assessments that
may trigger further physician evaluation and action. These
considerations are consistent with studies showing a direct
link between nurse experience and quality of care.65

Still, the association of nurse staffing ratios with sur-
vival may partially reflect residual confounding by institu-
tional and patient characteristics. For example, favorable
nurse staffing ratios may be associated with greater institu-
tional resources in general. In fact, important examples link-
ing multiple organizational characteristics with patient out-
comes have been reported.9,12 For instance, Bradley et al66

reported a positive association between local hospital quality
improvement environment and use of �-blockers in AMI.

The need for caution in attributing increased mortality
to decreased nurse staffing follows from the difficulties in
measuring quality of care in general. Although Donabedian67

in 1966 conceptualized quality measurement as reflecting the
domains of structure, process, and outcome, devising a set of
comprehensive and equitable quality measures remains elu-
sive.68 Progress has been made,69 and we can point with
relative certainty to areas that need improvement for a variety

FIGURE 1. Unadjusted Mortality by Registered Nurse and
Licensed Practical Nurse Staffing Levels, Cooperative Cardio-
vascular Project, 1994–1995*.
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of conditions.70 However, some of the most difficult aspects
of quality measurement, such as how to incorporate patient
perceptions71,72 and how to perform risk adjustment,73 have

not been satisfactorily resolved. Hence, nurse-staffing ratios
may be a marker for a latent core of unmeasured quality
constructs.

TABLE 3. Odds ratios (OR) and 95% confidence intervals (CI) for in-hospital mortality models, Cooperative Cardiovascular
Project, 1994-1995*

Covariates
Model 1, OR

(95% CI)
Model 2, OR

(95% CI)
Model 3, OR

(95% CI)
Model 4, OR

(95% CI)
Model 5, OR

(95% CI)

RN staffing level
Quartile 4 (vs. quartile 1) 0.87 (0.82, 0.92) — 0.88 (0.83, 0.93) 0.89 (0.84, 0.95) 0.91 (0.86, 0.97)
Quartile 3 (vs. quartile 1) 0.88 (0.83, 0.93) — 0.88 (0.84, 0.94) 0.91 (0.86, 0.96) 0.94 (0.88, 1.00)
Quartile 2 (vs. quartile 1) 0.91 (0.86, 0.96) — 0.91 (0.87, 0.97) 0.94 (0.89, 1.00) 0.96 (0.90, 1.02)

LPN staffing level
Quartile 4 (vs. quartile 1) 1.15 (1.08, 1.22) — 1.13 (1.06, 1.20) 1.12 (1.05, 1.19) 1.07 (1.00, 1.15)
Quartile 3 (vs. quartile 1) 1.05 (0.99, 1.12) — 1.04 (0.97, 1.10) 1.03, (0.97, 1.10) 1.02 (0.96, 1.09)
Quartile 2 (vs. quartile 1) 0.99 (0.93, 1.05) — 0.99 (0.93, 1.05) 0.99 (0.93, 1.05) 1.00 (0.94, 1.07)

Nursing skill mix (RN/LPN) 1.00 (1.00, 1.00) — 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
African American (vs. Caucasian) 0.80 (0.74, 0.86) 0.81 (0.75, 0.87) 0.81 (0.75, 0.87) 0.80 (0.74, 0.86) 0.78 (0.72, 0.85)
Other Races (vs. Caucasian) 1.02 (0.93, 1.11) 1.04 (0.95, 1.13) 1.02 (0.94, 1.12) 1.02 (0.93, 1.11) 0.98 (0.90, 1.08)
Male (vs. female) 0.79 (0.76, 0.82) 0.79 (0.76, 0.82) 0.79 (0.76, 0.82) 0.79 (0.76, 0.82) 0.82 (0.79, 0.85)
Age (1-year increment) 1.04 (1.04, 1.04) 1.04 (1.04, 1.04) 1.04 (1.04, 1.04) 1.04 (1.04, 1.04) 1.04 (1.04, 1.04)
Cardiac arrest on admission (yes/no) 11.54 (10.84, 12.28) 11.51 (10.82, 12.24) 11.52 (10.83, 12.26) 11.53 (10.83, 12.27) 9.89 (9.25, 10.57)
Congestive heart failure (yes/no) 1.22 (1.18, 1.27) 1.22 (1.17, 1.26) 1.22 (1.18, 1.27) 1.22 (1.18, 1.27) 1.37 (1.32, 1.43)
Admission systolic blood pressure 0.98 (0.98, 0.98) 0.98 (0.98, 0.98) 0.98 (0.98, 0.98) 0.98 (0.98, 0.98) 0.98 (0.98, 0.99)
Serum creatinine 2.01 (1.94, 2.08) 2.02 (1.95, 2.09) 2.01 (1.94, 2.09) 2.01 (1.94, 2.08) 1.78 (1.71, 1.85)
White blood cell count 1.05 (1.05, 1.06) 1.05 (1.05, 1.06) 1.05 (1.05, 1.06) 1.05 (1.05, 1.06) 1.05 (1.04, 1.05)
Anterior or lateral AMI (yes/no) 1.57 (1.51, 1.63) 1.58 (1.52, 1.64) 1.57 (1.51, 1.63) 1.57 (1.51, 1.63) 1.47 (1.41, 1.53)
Hospital teaching status

Major teaching (vs. nonteaching) — 0.87 (0.83, 0.93) 0.93 (0.88, 0.99) 0.98 (0.92, 1.04) 1.13 (1.05, 1.20)
Minor teaching (vs. nonteaching) — 0.96 (0.92, 1.01) 0.99 (0.94, 1.04) 1.03 (0.98, 1.08) 1.09 (1.03, 1.15)

Urban (vs. rural) — — — 1.04 (0.99, 1.10) 1.04 (0.98, 1.10)
Hospital volume — — — 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Technology index† — —

Level 1 vs. Level 0 — — — 1.03 (0.97, 1.09) 1.04 (0.98, 1.10)
Level 2 vs. Level 0 — — — 0.92 (0.83, 1.02) 0.97 (0.87, 1.08)
Level 3 vs. Level 0 — — — 0.90 (0.85, 0.95) 0.91 (0.86, 0.97)

Receipt of therapy dummy variables‡

Category 1 — — — — 0.00 (0.00, 0.00)
Category 2 — — — — 0.21 (0.20, 0.22)
Category 3 — — — — 1.62 (1.43, 1.82)
Category 4 — — — — 0.28 (0.26, 0.30)

c Statistic 0.806 0.806 0.806 0.806 0.854
Akaike information criterion 85,383 87,122 85,351 85,303 75,987

*Models are described in the Statistical Analysis section. OR indicates odds ratio; CI, confidence interval; and dashes, analysis not applicable.
†We created 4 mutually exclusive levels of technology availability: Level 0, hospital has no capacity to perform coronary angiogram, percutaneous coronary

intervention (PCI), or coronary artery bypass grafting (CABG); Level 1, hospital has capacity to perform coronary angiography but not PCI or CABG; Level
2, hospital has capacity to perform coronary angiography and PCI but not CABG; Level 3, hospital has capacity to perform all 3 procedures.

‡Because of significant interactions between receipt of acute reperfusion and aspirin, we created 5 mutually exclusive groups of patients: therapy category
0, those who received no therapy (reference group); therapy category 1, those who received no aspirin and no reperfusion but did receive angiotensin-converting
enzyme (ACE) inhibitors and/or �-blockers; therapy category 2, those who received no reperfusion but did receive aspirin and/or ACE inhibitors and/or
�-blockers; therapy category 3, those who received no aspirin but did receive reperfusion and/or ACE inhibitors and/or �-blockers; therapy category 4, those
who received aspirin and reperfusion and/or ACE inhibitors and/or �-blocker.
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Our findings have policy implications. As a core strat-
egy, hospital reengineering often includes cross-training of
unit-based workers to take on tasks traditionally outside of
the scope of their work.6,74,75 Others have noted, and our
findings also suggest, that additional continuing education,
in-service education, and/or orientation may be required to
prepare LPNs for those new roles and scope of practice.76

Our interpretation of a possible deleterious effect of reduction
in RN staffing is consistent with studies that have examined
the effect of reducing skill mix on patient outcome.77–81

These small studies suggest but do not conclusively support
the idea that retaining a strong nursing skill mix has a positive
effect on patient outcomes.

According to Clark and Thurston,82 in a study of LPN
roles and job descriptions, it was found that a high percentage
of LPNs (43% of those surveyed) were assigned to Level III
(Medicus classification) patients, who may have heavier
physical care needs and may require special skills. Clark and
Thurston82 note that LPNs may not have the background to
deal with this level of patient demand. In addition, although
not objectively measured by their study, some LPNs reported
activities outside of their level of expertise. Of note, the
California Nurses Association protested 3 California hospi-
tals’ use of unlicensed personnel to perform technical nursing
tasks.83 Because our data are observational, however, we
cannot infer that adjustment of nurse staffing ratios will
automatically lead to improvement in patient outcomes.

Our study has several limitations. Although ADCs were
used in calculating RN and LPN staffing ratios, they may not
accurately reflect ratios in the specialty units most likely to
contain AMI patients. Also, because of limitations in the data,
the number of RNs and LPNs were representative of the
entire hospital rather than a specialized unit such as cardiac
care. In addition, we were not able to identify nursing
personnel who work in the outpatient department. This data-
set also did not allow for the quantification of the number of
hours of contact supplied by each type of nursing personnel.
Although we have complete data for RN staffing, there are
significant gaps in the data for non-RN staffing. We did not
have access to staffing levels of nursing assistants. Hospitals
that depend on high levels of LPN staffing may also have an
above-average reliance on nursing assistants, nursing assis-
tants being a group we were unable to examine. This reliance
might account for some of the difference observed in high-
LPN-staffed hospitals. The AHA data set captures the num-
ber of ancillary personnel by facility but does not allow the
association of ancillary personnel with specific patient care-
related tasks. Therefore, we limited our analyses of non-RN
staff to LPNs, who may be assumed with more certainty to
have a direct patient-care role rather than including ancillary
staff.

These cross-sectional data were collected from retro-
spective chart review and administrative files, which have

known limitations.84,85 Clearly, causal inference cannot be
made from such data. Adjustment for patient socioeconomic
factors was not performed. We considered all-cause mortality
and did not examine cardiovascular deaths separately. How-
ever, because we focused on in-hospital deaths, we probably
captured a larger proportion of cardiovascular deaths.

An additional concern may be that by excluding those
patients who transferred out of the hospital we are introduc-
ing bias by retaining a cohort of patients with a greater
severity of illness from lower-staffed or smaller hospitals
(those that are more likely to transfer patients). However, in
analyses that retained these patients, mortality differences
persisted between nurse staffing levels.

In contrast, there are important strengths of this study.
To our knowledge, this is the largest national study examin-
ing the relationship of nurse staffing levels with mortality and
quality of care in Medicare patients with AMI. This large data
set provided adequate power to detect important relationships
that may have been missed by earlier negative studies. Be-
cause of the clinical richness of our data set, we were able to
perform risk adjustment and include other potential explan-
atory and confounding variables as recommended by the IOM
report on nurse staffing levels.

CONCLUSIONS
In this study of Medicare patients with AMI, higher RN

staffing levels were associated with lower in-hospital mortal-
ity. We found a mortality advantage for those treated in high
RN staffing environments and a mortality disadvantage for
those treated in high LPN staffing environments. These dif-
ferences were attenuated but not eliminated after extensive
multivariable adjustment for patient and hospital characteris-
tics. Although hospital staff restructuring often carries the
admirable goal of increased efficiency, care must be given to
how this goal is achieved. Our research suggests the need for
further investigation of how nurse staffing affects patient
outcomes. If the causal link suggested, but not proven, by our
findings is substantiated, then the goal of increased efficiency
that underlies hospital restructuring should not be achieved
by reductions in nurse staffing without careful and complete
examination.
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