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NURSE UNDERSTAFFING IS

ranked by the public and
physicians as one of the
greatest threats to patient

safety in US hospitals.1 Last year we re-
ported the results of a study of 168
Pennsylvania hospitals showing that
each additional patient added to the av-
erage workload of staff registered nurses
(RNs) increased the risk of death fol-
lowing common surgical procedures by
7%, and that the risk of death was more
than 30% higher in hospitals where
nurses’ mean workloads were 8 pa-
tients or more each shift than in hos-
pitals where nurses cared for 4 or fewer
patients.2 These findings are daunting
given the widespread shortage of
nurses, increasing concern about re-
cruiting an adequate supply of new
nurses to replace those expected to re-
tire over the next 15 years,3 and con-
strained hospital budgets. These find-
ings also raise questions about whether
characteristics of the hospital RN work-
force other than ratios of nurses to pa-
tients are important in achieving ex-
cellent patient outcomes.

Nurses constitute the surveillance
system for early detection of compli-
cations and problems in care, and they
are in the best position to initiate ac-
tions that minimize negative out-
comes for patients.4 That the exercise
of clinical judgment by nurses, as well
as staffing adequacy, is key to effective
surveillance may explain the link be-

tween higher nursing skill mix (ie, a
higher proportion of RNs among the
nursing personnel of a hospital) and
better patient outcomes.5-10

Registered nurses in the United States
generally receive their basic education in
1 of 3 types of programs: 3-year di-
ploma programs in hospitals, associate
degree nursing programs in commu-
nity colleges, and baccalaureate nurs-
ing programs in colleges and universi-
ties. In 1950, 92% of new RNs graduated
from hospital diploma programs,11

whereas by 2001, only 3% graduated
from hospital diploma programs, 61%
came from associate degree programs,
and 36% were baccalaureate program
graduates.12 Surprisingly little is known

about the benefits, if any, of the substan-
tial growth in the numbers of nurses with
bachelor’s degrees. Indeed the conven-
tional wisdom is that nurses’ experi-
ence is more important than their edu-
cational levels.
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Context Growing evidence suggests that nurse staffing affects the quality of care in
hospitals, but little is known about whether the educational composition of registered
nurses (RNs) in hospitals is related to patient outcomes.

Objective To examine whether the proportion of hospital RNs educated at the bac-
calaureate level or higher is associated with risk-adjusted mortality and failure to res-
cue (deaths in surgical patients with serious complications).

Design, Setting, and Population Cross-sectional analyses of outcomes data for
232342 general, orthopedic, and vascular surgery patients discharged from 168 non-
federal adult general Pennsylvania hospitals between April 1, 1998, and November
30, 1999, linked to administrative and survey data providing information on educa-
tional composition, staffing, and other characteristics.

Main Outcome Measures Risk-adjusted patient mortality and failure to rescue within
30 days of admission associated with nurse educational level.

Results The proportion of hospital RNs holding a bachelor’s degree or higher ranged
from 0% to 77% across the hospitals. After adjusting for patient characteristics and
hospital structural characteristics (size, teaching status, level of technology), as well as
for nurse staffing, nurse experience, and whether the patient’s surgeon was board cer-
tified, a 10% increase in the proportion of nurses holding a bachelor’s degree was
associated with a 5% decrease in both the likelihood of patients dying within 30 days
of admission and the odds of failure to rescue (odds ratio, 0.95; 95% confidence in-
terval, 0.91-0.99 in both cases).

Conclusion In hospitals with higher proportions of nurses educated at the bacca-
laureate level or higher, surgical patients experienced lower mortality and failure-to-
rescue rates.
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Despite the diversity of educational
programs preparing RNs, and a logical
(but unconfirmed) connection be-
tween education and clinical judgment,
little if anything is known about the im-
pact of nurses’ education on patient out-
comes.13 Results of some studies have
suggested that baccalaureate-prepared
nurses are more likely to demonstrate
professional behaviors important to pa-
tient safety such as problem solving, per-
formance of complex functions, and ef-
fectivecommunication.14-16 However, few
studies have examined the effect of nurse
education on patient outcomes, and their
findings have been inconclusive.17

The 168 Pennsylvania hospitals in-
cluded in our previous study2 of patient-
to-nurse staffing and patient mortality
varied substantially in the proportion
of staff nurses holding baccalaureate or
higher degrees. This variability pro-
vides an opportunity to conduct a simi-
lar study examining the association be-
tween the educational composition of
a hospital’s RN staff and patient out-
comes. Specifically, we tested whether
hospitals with higher proportions of di-
rect-care RNs educated at the bacca-
laureate level or above have lower risk-
adjusted mortality rates and lower rates
of failure to rescue (deaths in patients
with serious complications). We also
examined whether the educational
backgrounds of hospital RNs are a pre-
dictor of patient mortality beyond fac-
tors such as nurse staffing and experi-
ence. These findings offer insights into
the potential benefits of a more highly
educated nurse workforce.

METHODS
Data Sources, and Variables

We analyzed outcomes data derived from
hospital discharge abstracts that were
merged with information on the char-
acteristics of the treating hospitals, in-
cluding unique data obtained from sur-
veys of hospital nurses.2 The institutional
review board of the University of Penn-
sylvania approved the study protocol.

Hospitals. The sample consisted of
168 (80%) of the 210 adult acute-care
general hospitals operating in Pennsyl-
vania in 1999 that (1) reported surgi-

cal discharges to the Pennsylvania
Health Care Cost Containment Coun-
cil in the specific categories studied
here, (2) had data on structural char-
acteristics available from 2 external ad-
ministrative databases (American Hos-
pital Association [AHA] annual survey18

and Pennsylvania Department of Health
Hospital Questionnaire19), and (3) had
at least 10 nurses responding to our
questionnaire, which previous empiri-
cal work demonstrated was sufficient
to provide reliable estimates of survey-
based organizational characteristics of
the hospitals. Six of the excluded hos-
pitals were Veterans Affairs hospitals,
which do not report discharge data to
the state. Twenty-six hospitals were ex-
cluded because of missing data, most
often because their reporting to exter-
nal administrative sources was done as
aggregate multihospital entities. Ten
small hospitals, most of which had 50
or fewer beds, had an insufficient num-
ber of nurses responding to the ques-
tionnaire to be included.

A 50% random sample of RNs resid-
ing in Pennsylvania and on the rolls of
the Pennsylvania Board of Nursing re-
ceived questionnaires at their homes in
the spring of 1999. Surveys were com-
pleted by 10184 nurses, an average of
more than 60 nurses per hospital, and
the 52% response rate compares favor-
ably with other voluntary, anonymous
surveys of health professionals.20 We
compared our data with information
from the AHA annual survey and found
that the number of nurses from each hos-
pital responding to our survey was di-
rectly proportional to the number of RN
positions in each hospital. This sug-
gests similar response rates across hos-
pitals and no response bias at the hos-
pital level. Moreover, demographic
characteristics of the respondents par-
alleled those of Pennsylvania hospital
nurses in the National Sample Survey of
Registered Nurses.21 For example, the
mean ages of Pennsylvania hospital
nurses in our sample and in the Na-
tional Sample Survey of Registered
Nurses were 40 and 41 years, respec-
tively; the percentages of Pennsylvania
hospital nurses working full-time were

66% and 69%, respectively; and those
having earned bachelor of science in
nursing (BSN) degrees were 30% and
31%, respectively.

Hospital staff nurses were asked to
indicate whether their highest creden-
tial in nursing was a hospital school
diploma, an associate degree, a bach-
elor’sdegree,amaster’sdegree,oranother
degree. The proportion of nurses in each
hospital who held each type of creden-
tial was computed. Because the educa-
tional preparation of the 4.3% of nurses
whochecked“other”wasunknown,their
answers were not included in our hos-
pital-levelmeasuresofeducationalquali-
fications. It was later verified that this
decision did not bias the results. Because
there was no evidence that the relative
proportions of nurses holding diplomas
andassociatedegreesaffected thepatient
outcomes studied, those 2 categories of
nurses were collapsed into a single cat-
egory and the educational composition
of the hospital staff was characterized in
terms of the percentage of nurses hold-
ing bachelor’s or master’s degrees.

Two further variables were derived
from the nurse survey. Nursing work-
load was computed as the mean num-
ber of patients assigned to all staff nurses
who reported caring for at least 1 but
fewer than 20 patients on the last shift
they worked. Because nurse experience
was an important potential confound-
ing variable related to both clinical judg-
ment and education, the mean number
of years of experience working as an RN
for nurses from each hospital was also
calculated and used in the analyses.

Three hospital characteristics were
used as control variables: size, teaching
status, and technology. Hospital-level
data were obtained from the 1999 AHA
annual survey and the 1999 Pennsylva-
nia Department of Health Hospital Sur-
vey. Three size categories (�100 beds,
101-250 beds, �251 beds) were used.
Hospitals without any postgraduate
medical residents or fellows (nonteach-
ing) were distinguished from those with
1:4 or smaller trainee-to-bed ratios (mi-
nor teaching) and those with ratios
higher than 1:4 (major teaching). High-
technology hospitals were those that had
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facilities for either open-heart surgery,
major organ transplantations, or both.

Patients and Patient Outcomes. Dis-
charge abstracts for the universe of
232342 patients aged 20 to 85 years who
underwent general surgical, orthope-
dic, or vascular procedures from April 1,
1998, to November 30, 1999, in the 168
nonfederal hospitals were obtained from
the Pennsylvania Health Care Cost Con-
tainment Council, which checks the data
for completeness and quality. A list of the
diagnosis related groups studied was pro-
vided previously.2

We examined the association be-
tween the educational attainments of
nurses across hospitals and both deaths
within 30 days of hospital admission (de-
rived by linking discharge abstract data
and Pennsylvania vital statistics data) and
deaths within 30 days of admission
among patients who experienced com-
plications (failure to rescue). Patient
complications were determined with In-
ternationalClassificationofDiseases,Ninth
Revision, Clinical Modification (ICD-9-
CM) codes in the secondary diagnosis
and procedure fields of discharge ab-
stracts indicative of 39 clinical events us-
ing protocols drawing on expert con-
sensus as well as empirical evidence to
distinguish complications from preex-
isting comorbidities.22-24

The 2 patient outcomes studied were
risk-adjusted by including 133 vari-
ables in our models, including age, sex,
whether the admission was a transfer
from another hospital, whether it was an
emergency admission, a series of 48 vari-
ables indicating surgery type, dummy
variables indicating the presence of 28
chronic preexisting conditions as clas-
sified by ICD-9-CM codes, and interac-
tion terms chosen on the basis of their
ability to predict mortality and failure to
rescue in the present data set. Construc-
tion of the patient risk adjustment mod-
els used an approach similar to that re-
ported by Silber and colleagues.22-26 The
c statistic for the mortality risk adjust-
ment model was 0.89 and for the fail-
ure to rescue model, 0.81.

We also estimated and controlled for
the effect of having a board-certified sur-
geon on risk for mortality and failure to

rescue. For each patient, the license num-
ber of the operating physician of record
was matched to a physician’s name us-
ing a public use file from the Pennsyl-
vania Bureau of Professional and Occu-
pational Affairs, and subsequently to
records from the American Board of
Medical Specialties directory of board-
certified medical specialists.27 A dummy
variable was constructed to indicate
whether or not the operating physician
was board-certified in general surgery or
another surgical specialty. A second
dummy variable was used to identify pa-
tients (8% of all patients) with operat-
ing physicians whose license numbers
could not be linked to names to deter-
mine board-certification status. Use of
these 2 variables in tandem produced a
reasonable way of controlling for sur-
geon qualifications in our models.

Data Analysis
Descriptive statistics (means, SDs, and
percentages) and significance tests (�2

and F tests) were computed to compare
groups of hospitals that varied in terms
of their educational composition on hos-
pital characteristics, including nurse ex-
perience and nurse staffing, and patient
characteristics. Logistic regression mod-
els were used to estimate the effects of a
10% increase in the proportion of nurses
who had a bachelor’s or master’s degree
on patient mortality and failure to res-
cue, and to estimate the effects of nurse
staffing, nurse experience, and surgeon
board certification. The associations of
educational composition, staffing, expe-
rience of nurses, and surgeon board cer-
tification with patient outcomes were
computed before and after controlling for
patient characteristics (demographic
characteristics, nature of the hospital ad-
mission, comorbidities, and relevant in-
teraction terms) and hospital character-
istics (bed size, teaching status, and
technology).

To account for the clustering of pa-
tients within hospitals in our sample, all
model estimates were computed using
Huber-White (robust) procedures to ad-
just the SEs of the estimated para-
meters. Direct standardization esti-
mates derived from the final model are

presented to indicate the size of the ef-
fects of educational composition of nurs-
ing staff independently of and jointly
with nurse staffing levels. With all pa-
tients and using the final fully adjusted
models for predicting death and failure
to rescue, the probabilities of poor out-
comes were calculated for patients in
hospitals assuming that 20%, 40%, and
60% of the hospital RNs held bachelor’s
or master’s degrees and under various pa-
tient-to-nurse ratios (4, 6, and 8 pa-
tients per nurse), with all other patient
and hospital characteristics un-
changed.28 All analyses were conducted
using STATA version 7.0 (STATA Corp,
College Station, Tex), using P�.05 as the
level of statistical significance.

RESULTS
Characteristics of Hospitals
and Patients

TABLE 1 provides information on char-
acteristics of the 168 hospitals in our
sample. About 19% of the hospitals had
more than 250 beds, 36% were teach-
ing hospitals, and 28% had high-
technology facilities. Across all hospi-
tals, nurses had a mean (SD) of 14.2 (2.7)
years of experience and a mean (SD)
workload on their last shift of 5.7 (1.1)
patients. The proportion of staff nurses
with bachelor’s degrees or higher de-
grees ranged from 0% to 70% across the
hospitals. In 20% of the hospitals (34/
168) less than 20% of staff nurses had
BSN or higher degrees, while in 11% of
the hospitals (19/168) 50% or more of
the nurses had BSN or higher degrees.
Hospitals with higher percentages of
nurses with BSN or master’s degrees
tended to be larger and have postgradu-
ate medical training programs, as well as
high-technology facilities. Hospitals with
higher proportions of baccalaureate- and
master’s-preparednursesalsohadslightly
less experienced nurses on average and
significantly lower mean workloads. The
strong association between the educa-
tional composition of hospitals and other
hospital characteristics, including nurse
workloads, makes clear the need to con-
trol for these latter characteristics in es-
timating the effects of nurse education
on patient mortality.
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TABLE 2 describes characteristics of
the patients in our sample and how they
varied across hospitals with different
nurse educational compositions. Of the
patients studied, 43.7% were men and
the mean (SD) age was 59.3 (16.9) years.
Of the 232342 patients, 53813 (23.2%)
experienced a major complication not
present on admission, 4535 (2.0%) died
within 30 days of admission, and the
death rate among patients with compli-
cations (failure to rescue) was 8.4%. The
2 largest categories of surgical proce-
dures patients underwent were ortho-
pedic (51.2%) and digestive tract/
hepatobiliary (36.4%) procedures.

The most common patient comor-
bidities were hypertension (34.4%) and
diabetes (13.5%). While the largest pro-
portion of patients (58329 or 25%)
were cared for in hospitals in which
30% to 39% of the nurses were at least
BSN-educated, the numbers ranged
across the sample (Table 2). More-
over, characteristics of patients, includ-
ing whether the operating physician was
a board-certified surgeon, differed
across the groups of hospitals defined
by the percentage of nurses with BSN
or higher degrees, although few of these
characteristics varied across groups in
a consistent pattern.

Effects of Hospital RN Education
on Mortality and Failure to Rescue
TABLE 3 presents odds ratios (ORs) rep-
resenting the raw or unadjusted effects
of nurse education, staffing, and expe-
rience, and the effect of a board-
certified surgeon as operating physi-
cian. Also in Table 3 the adjusted ORs
show the effects of those factors in a

model controlling for all of these fac-
tors and for other hospital and patient
characteristics. There was a statistically
significant relationship between the pro-
portion of nurses in a hospital with bach-
elor’s and master’s degrees and the risks
of both mortality and failure to rescue,
bothbeforeandafter controlling forother
hospital and patient characteristics.

Each 10% increase in the proportion
of nurses with higher degrees de-
creased the risk of mortality and of fail-
ure to rescue by a factor of 0.95, or by
5%, after controlling for patient and hos-
pital characteristics. This adjusted OR
of 0.95 (95% confidence interval, 0.91-
0.99) is a multiplicative parameter. To
estimate how much of a difference would
be expected between hospitals in which
20% vs 60% of the nurses had at least
BSNs, it should be taken to the fourth
power (since the difference between 20%
and 60% is equivalent to four 10% in-
tervals). The resultant ratio (0.954=0.81)
indicates that all else being equal, the
odds of 30-day mortality and failure to
rescue would be 19% lower in hospi-
tals where 60% of the nurses had BSNs
or higher degrees than in hospitals where
only 20% of nurses did.

All 3 of the other clinician charac-
teristics studied (nurse staffing, expe-
rience, and board-certified surgeon as
operating physician) had significant as-
sociations with mortality before con-
trolling for each other, the educa-
tional composition of RNs, and all other
patient and hospital characteristics. The
final model indicates only very slight
changes in the parameters estimating
the nurse staffing effect that we previ-
ously reported2 when nurse education

is added (from a 7% increase in risk of
both negative outcomes with a 1 pa-
tient-per-nurse increase in mean work-
load originally reported to a 6% in-
crease in mortality risk and a 5%
increase in risk of failure to rescue).

Nurses’ years of experience were not
found to be a significant predictor of
mortality or failure to rescue in the full
models. The strong and significant de-
crease in mortality associated with hav-
ing a board-certified surgeon as oper-
ating physician is largely explained by
the tendency of patients with board-
certified surgeons to be treated at hos-
pitals with other characteristics asso-
ciated with better outcomes. None of
the interaction terms created by com-
bining these 4 variables achieved sta-
tistical significance, suggesting that
nurse education, nurse staffing, and sur-
geon board certification operate inde-
pendently of each other in predicting
mortality and failure to rescue.

These effects imply that altering the
educational background of hospital
nurses by increasing the percentage of
those earning a BSN would produce sub-
stantial decreases in mortality rates for
surgical patients generally and for pa-
tients who develop complications. Di-
rect standardization techniques were
used to predict the excess deaths in all
patients and patients with complica-
tions that would be expected with vary-
ing levels of nurse educational levels and
workloads. As TABLE 4 shows, if the pro-
portion of BSN nurses in all hospitals was
60% rather than 20%, 3.6 fewer deaths
per 1000 patients (21.1−17.5) and 14.2
fewer deaths per 1000 patients with com-
plications (failure to rescue) would be ex-

Table 1. Characteristics of the Study Hospitals, Overall and by Educational Composition of the Nurse Workforce

Characteristic
All Hospitals

(N = 168)

Percentage of the Hospital Nurse Workforce With BSN or Higher Degrees

P Value
for Trend*

�20%
(n = 34)

20%-29%
(n = 53)

30%-39%
(n = 36)

40%-49%
(n = 26)

�50%
(n = 19)

Large (�251 beds), No. (%) 32 (19.1) 1 (2.9) 3 (5.7) 9 (25.0) 8 (30.8) 11 (57.9) �.001

Teaching hospitals, No. (%) 61 (36.3) 5 (14.7) 14 (26.4) 15 (41.7) 12 (46.2) 15 (78.9) �.001

High technology, No. (%)† 47 (28.0) 2 (5.9) 10 (18.9) 12 (33.3) 10 (38.5) 13 (68.4) �.001

Nurse experience, mean (SD), y 14.2 (2.7) 14.9 (3.6) 14.4 (2.1) 14.0 (2.3) 14.3 (2.6) 12.5 (3.1) .19

Nurse staffing, mean (SD) ratio
of patients per nurse

5.7 (1.1) 6.5 (1.1) 5.7 (1.0) 5.5 (1.1) 5.5 (1.0) 5.2 (1.1) �.001

*P values were derived from �2 and F tests.
†High technology was defined as hospitals that had facilities for open-heart surgery, major organ transplantations, or both.
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pected. Moreover, Table 4 indicates that
the effect on mortality of a 20% in-
crease in the percentage of BSNs in the
workforce would be roughly equiva-
lent to the effect of a reduction in mean
nurse workload of 2 patients, and that
both the mortality and failure-to-rescue
rates would be decidedly lower if both
the workloads were lighter and the work-
force were composed of higher percent-
ages of BSN-prepared nurses.

COMMENT
To our knowledge, this study pro-
vides the first empirical evidence that
hospitals’ employment of nurses with
BSN and higher degrees is associated
with improved patient outcomes. Our
findings indicate that surgical patients
cared for in hospitals in which higher
proportions of direct-care RNs held
bachelor’s degrees experienced a sub-
stantial survival advantage over those
treated in hospitals in which fewer staff
nurses had BSN or higher degrees. Simi-

larly, surgical patients experiencing se-
rious complications during hospital-
ization were significantly more likely
to survive in hospitals with a higher

proportion of nurses with baccalaure-
ate education.

When the proportions of RNs with
hospital diplomas and associate de-

Table 2. Characteristics of Surgical Patients in the Study Hospitals, Overall and by Educational Composition of Staff Registered Nurses*

All Hospitals
(N = 168)

Percentage of the Hospital Nurse Workforce With BSN or Higher Degrees

�20%
(n = 34)

20%-29%
(n = 53)

30%-39%
(n = 36)

40%-49%
(n = 26)

�50%
(n = 19)

Total patients, No. (%) 232 342 24 766 (10.7) 54 366 (23.4) 58 329 (25.1) 47 955 (20.6) 46 926 (20.2)
Age, mean (SD), y 59.3 (16.9) 61.3 (16.9) 60.8 (16.7) 58.9 (17.1) 59.0 (16.9) 57.3 (16.8)
Men, No. (%) 101 624 (43.7) 10 350 (41.8) 23 298 (42.9) 25 369 (43.5) 20 891 (43.6) 21 716 (46.3)
Emergency admissions, No. (%) 63 355 (27.3) 4691 (18.9) 15 495 (28.5) 16 535 (28.3) 13 583 (28.3) 13 051 (27.8)
Deaths within 30 days of admission, No. (%) 4535 (2.0) 582 (2.3) 1170 (2.2) 1057 (1.8) 911 (1.9) 815 (1.7)
Patients with complications, No. (%) 53 813 (23.2) 5731 (22.9) 12 439 (22.9) 13 278 (22.8) 10 551 (22.0) 11 814 (25.2)
Deaths among patients with

complications (failure to rescue), No. (%)
4535 (8.4) 582 (10.2) 1170 (9.4) 1057 (8.0) 911 (8.6) 815 (6.9)

Major diagnostic categories (MDCs), No. (%)
Vascular surgery (MDC 5) 11 194 (4.8) 1006 (4.1) 2275 (4.2) 2610 (4.5) 2307 (4.8) 2996 (6.4)
Digestive system (MDC 6) 54 919 (23.6) 6728 (12.3) 13 159 (24.0) 13 377 (24.4) 10 898 (22.7) 10 757 (22.9)
Hepatobiliary system (MDC 7) 29 660 (12.8) 4050 (13.7) 6909 (12.7) 8138 (14.0) 5651 (11.8) 4912 (10.5)
Musculoskeletal system (MDC 8) 118 945 (51.2) 11 124 (44.9) 28 515 (52.5) 30 256 (51.9) 25 019 (52.2) 24 031 (51.2)
Skin, subcutaneous tissue, breast (MDC 9) 12 771 (5.5) 1390 (5.6) 2634 (4.8) 3156 (5.4) 3015 (6.3) 2576 (5.5)
Endocrine, nutritional, and metabolic

diseases and disorders (MDC 10)
4853 (2.1) 468 (1.9) 874 (1.6) 792 (1.4) 1065 (2.2) 1654 (3.5)

Comorbidities, No. (%)
Hypertension 79 827 (34.4) 8524 (34.4) 19 243 (35.4) 18 604 (31.9) 16 726 (34.9) 16 730 (35.7)
Diabetes mellitus 31 385 (13.5) 3705 (11.8) 8001 (14.7) 7207 (12.4) 6294 (13.1) 6178 (13.2)

Insulin-dependent diabetes 3607 (1.6) 420 (1.7) 785 (1.4) 949 (1.6) 700 (1.5) 753 (1.6)
Cancer 28 558 (12.3) 3050 (12.3) 6438 (11.8) 6425 (11.0) 6121 (12.8) 6524 (13.9)
Chronic pulmonary disease 19 819 (8.5) 2566 (10.4) 5251 (9.7) 4670 (8.0) 4063 (8.5) 3269 (7.0)
Congestive heart failure 11 795 (5.1) 1445 (5.8) 2899 (5.3) 2688 (4.6) 2313 (4.8) 2450 (5.2)
Arrhythmia 3965 (1.7) 444 (1.8) 973 (1.8) 886 (1.5) 856 (1.8) 806 (1.7)
Aortic stenosis 2248 (1.0) 235 (.9) 498 (.9) 574 (1.0) 479 (1.0) 462 (1.0)

Board-certified surgeon 170 063 (73.2) 16 324 (65.9) 37 580 (69.1) 45 178 (77.5) 37 053 (77.3) 33 928 (72.3)

*All characteristics differed significantly across the groups of hospitals at the P�.001 level, according to an F test (in the case of age) and �2 tests (in all others).

Table 3. Odds Ratios Estimating the Effects of Nurse and Physician Variables on Patient
Mortality and Failure to Rescue*

Outcome and Effect

Estimated Separately
and Unadjusted,

OR (95% CI)
P

Value

Estimated Jointly
and Adjusted,
OR (95% CI)†

P
Value

Mortality
Nurse education 0.94 (0.89-0.99) .02 0.95 (0.91-0.99) .008
Nurse staffing 1.14 (1.08-1.19) �.001 1.06 (1.01-1.10) .02
Nurse experience 1.03 (1.01-1.06) .009 1.00 (0.98-1.02) .86
Board-certified surgeon 0.51 (0.41-0.63) �.001 0.85 (0.73-0.99) .03

Failure to rescue
Nurse education 0.92 (0.89-0.96) �.001 0.95 (0.91-0.99) .02
Nurse staffing 1.11 (1.06-1.16) �.001 1.05 (1.01-1.10) .03
Nurse experience 1.03 (1.01-1.06) .009 1.01 (0.98-1.03) .52
Board-certified surgeon 0.61 (0.50-0.74) �.001 0.80 (0.68-0.94) .007

Abbreviations: CI, confidence interval; OR, odds ratio.
*Odds ratios indicate the change in the risk of mortality or failure to rescue (deaths in patients with serious complica-

tions) associated with a 10% increase in the proportion of nurses with bachelor’s or master’s degrees (nurse edu-
cation), an increase in workload of 1 patient per nurse (nurse staffing), a 1-year increase in average staff nurse ex-
perience, and having an operating physician holding board certification in surgery or a surgical specialty. Significance
of all effects assessed using z statistics.

†Odds ratios and CIs were derived from robust logistic regression models that accounted for clustering of observa-
tions within hospitals. Adjusted for patient’s age, sex, diagnosis related group, comorbidities, and significant inter-
actions between them. Also adjusted for hospital characteristics including high technology, teaching status, and num-
ber of beds.
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grees as their highest educational cre-
dentials were examined separately, the
particular type of educational creden-
tial for nurses with less than a bach-
elor’s degree was not a factor in patient
outcomes. Furthermore, mean years of
experience did not independently pre-
dict mortality or failure to rescue, nor did
it alter the association between educa-
tional background or of staffing and ei-
therpatientoutcome.These findings sug-
gest that the conventional wisdom that
nurses’ experience is more important
than their educational preparation may
be incorrect. The improved outcomes as-
sociated with higher levels of BSNs in a
hospital was found to be independent of
and additive to the associations of supe-
rior outcomes in hospitals with better
nurse staffing we reported previously.2

Thus, both lower patient-to-nurse ra-
tios and having a majority of RNs edu-
cated at the baccalaureate level appear to
be jointly associated with substantially
lower mortality and failure-to-rescue
rates for patients undergoing common
surgical procedures.

In our sample of 168 Pennsylvania
hospitals in which the proportion of
nurses with bachelor’s degrees and mean
patient-to-nurse ratios varied widely, 2%
(4535/232342) of the surgical patients
undergoing the procedures we studied
died within 30 days of hospital admis-
sion. Our results imply that had the pro-
portion of nurses with BSN or higher
degrees been 60% and had the patient-
to-nurse ratio been 4:1, possibly 3810
of these patients (725 fewer) might have

died, and had the proportion of bacca-
laureate nurses been 20% and had staff-
ing uniformly been at 8:1 patient-to-
nurse ratios, 5530 (995 more) might
have died. While this difference of more
than 1700 deaths across 2 educational
and staffing scenarios is approximate, it
represents a conservative estimate of pre-
ventable deaths potentially attribut-
able to nurses’ education and RN staff-
ing levels because our patient sample
represents only about half of all surgi-
cal cases in the study hospitals.

One limitation of our analysis is the
potential for response bias in the edu-
cation and staffing measures derived
from the nurse survey, given a 52% re-
sponse rate. However, examining the
Pennsylvania respondents in the prob-
ability-based National Sample Survey
of Registered Nurses conducted in
2000,21 we found no evidence of over-
all differences between our sample and
Pennsylvania hospital staff nurses at
large in terms of job satisfaction or
demographic characteristics, includ-
ing education.

A second limitation relates to study
design. Longitudinal data sets, prefer-
ably including hospitals from more than
1 state, will be essential for establish-
ing the generalizability of these find-
ings as well as establishing whether and
how levels of baccalaureate-prepared
nurses and nurse staffing in a hospital
are causally related to patient out-
comes. Also, as in any research draw-
ing on administrative patient out-
comes data, there is a potential for

differences in completeness and con-
sistency of diagnostic coding across hos-
pitals to influence risk adjustment.29

A number of checks on the validity
of these findings were completed. Al-
lowing nurse education to have a non-
linear effect and testing whether the
effect of education varied across levels
of educational composition using qua-
dratic and dummy variables did not sig-
nificantly improve model fit, suggest-
ing that incremental increases in more
educated nurses in a hospital were as-
sociated with progressively better out-
comes. Including the small proportion
of nurses who checked “other” as their
highest degree with nurses in the bac-
calaureate or higher category or in the
associate degree or diploma category
rather than omitting them from calcu-
lations yielded no change in the esti-
mated associations between education
and patient outcomes. In an attempt to
determine whether unobserved vari-
ables that distinguished patients treated
in hospitals with different levels of nurse
education, we computed propensity
scores30 representing the likelihood that
patients with various characteristics were
treated in hospitals with high and low
levels of baccalaureate nurses. These
scores were not a significant predictor
of mortality or of failure to rescue, nor
did they significantly alter our esti-
mates of the association between edu-
cation and outcomes.

Research suggests that nurse execu-
tives in university teaching hospitals pre-
fer a nurse workforce with approxi-
mately 70% prepared at the baccalaureate
level and estimate that current levels av-
erage 51%. Also, community hospital
nurse executives prefer to have 55% of
their RNs educated at the baccalaureate
level.31 Data are not currently available
to estimate the proportion of hospitals
nationally that have 50% or more of their
RN workforces prepared at the BSN level
or higher, but since only 11% of Penn-
sylvania hospitals met this standard in
our sample there appears to be a wide gap
between the preferences of hospital ex-
ecutives and current staffing patterns.

Only 43% of all hospital staff nurses
nationally in 2000 were prepared at the

Table 4. Estimated Rates of Mortality and Failure to Rescue per 1000 Patients, by Levels of
Nurse Education and Staffing

Education, % With BSN

Staffing (Patients per Nurse)

8 6 4 Overall

Mortality
20 23.8 21.6 19.7 21.1
40 21.7 19.8 18.0 19.2
60 19.8 18.0 16.4 17.5
Overall 22.0 20.0 18.2 19.5

Failure to Rescue
20 100.2 92.6 85.4 90.4
40 92.2 85.0 78.4 83.1
60 84.7 78.0 71.8 76.2
Overall 93.4 86.2 79.5 84.3
Abbreviation: BSN, bachelor of science in nursing degree.

NURSE EDUCATION AND PATIENT MORTALITY

1622 JAMA, September 24, 2003—Vol 290, No. 12 (Reprinted) ©2003 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by Elizabeth Sorensen on 06/25/2015



BSN level or higher. Enrollments in bac-
calaureate nursing programs declined by
almost 10% from 1995 to 2000, al-
though the past few years have seen an
upturn.21,32 The return of diploma- and
associate degree–prepared RNs to col-
leges and universities after their initial
preparation has been an important
source of baccalaureate-prepared nurses.
About 22% of currently employed hos-
pital RNs with BSN or higher degrees re-
ceived them after their basic educa-
tions.21 However, the proportion of
hospital nurses pursuing further stud-
ies declined from 14% in 1984 to 9% in
2000, as did the proportion of hospital
nurses who received tuition assistance
from their employers (from 66% in 1992
to 53% in 2000).21,33 Meeting the de-
mand for baccalaureate-prepared hospi-
tal nurses requires renewed support and
incentives by employers to encourage
nurses to pursue education to the level
of baccalaureate and beyond.

In the current nurse shortage, as in
previous ones, public policy discus-
sion has centered on how to increase the
supply of RNs. However, little atten-
tion has been paid to considering where
investments in public funds in the 2 ma-
jor educational pathways into nursing
practice—associate or bachelor’s de-
gree programs—will best serve the pub-
lic good and the interests of employers.
Nursing education policy reports pub-
lished in the past decade concluded that
the United States has an imbalance in the
educational preparation of its nurse
workforce with too few RNs with BSN
and higher degrees.34-36 Our findings pro-
vide sobering evidence that this imbal-
ance may be harming patients.

Our documentation of significantly
better patient outcomes in hospitals with
more highly educated RNs at the bed-
side underscores the importance of plac-
ing greater emphasis in national nurse
workforce planning on policies to alter
the educational composition of the fu-
ture nurse workforce toward a greater
proportion with baccalaureate or higher
education as well as ensuring the ad-
equacy of the overall supply. Public fi-
nancing of nursing education should aim
at shaping a workforce best prepared to

meet the needs of the population. Fi-
nally, our results suggest that employ-
ers’ efforts to recruit and retain bacca-
laureate-prepared nurses in bedside care
and their investments in further educa-
tion for nurses may lead to substantial
improvements in quality of care.
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