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Experiment
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Objective. To determine whether, following implementation of California’s mini-
mum nurse staffing legislation, changes in acuity-adjusted nurse staffing and quality of
care in California hospitals outpaced similar changes in hospitals in comparison states
without such regulations.

Data Sources/Study Setting. Data from the American Hospital Association Annual
Survey of Hospitals, the California Office of Statewide Health Planning and Develop-
ment, the Hospital Cost Report Information System, and the Agency for Healthcare
Research and Quality’s Health Care Cost and Utilization Project’s State Inpatient Data-
bases from 2000 to 2006.

Study Design. We grouped hospitals into quartiles based on their preregulation staff-
ing levels and used a difference-in-difference approach to compare changes in staffing
and in quality of care in California hospitals to changes over the same time period in
hospitals in 12 comparison states without minimum staffing legislation.

Data Collection/Extraction Methods. We merged data from the above data
sources to obtain measures of nurse staffing and quality of care. We used Agency for
Healthcare Research and Quality’s Patient Safety Indicators to measure quality.
Principal Findings. With few exceptions, California hospitals increased nurse staff-
ing levels over time significantly more than did comparison state hospitals. Failure to
rescue decreased significantly more in some California hospitals, and infections due to
medical care increased significantly more in some California hospitals than in compari-
son state hospitals. There were no statistically significant changes in either respiratory
failure or postoperative sepsis.

Conclusions. Following implementation of California’s minimum nurse staffing legis-
lation, nurse staffing in California increased significantly more than it did in compari-
son states” hospitals, but the extent of the increases depended upon preregulation
staffing levels; there were mixed effects on quality.
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In 1999, California became the first state in the United States to pass legisla-
tion requiring minimum nurse-to-patient staffing ratios in acute care hospitals.
The legislation, for which nursing unions were outspoken advocates, was, in
part, a response to a reported decline in hospitals’ nurse staffing and skill mix
induced by pressures from increasing managed care penetration. California
Assembly Bill (AB 394) required the California State Department of Health
Services to establish unit-specific minimum staffing levels for licensed nurses
(registered nurses [RNs] and licensed vocational nurses [LVNs]) in acute care
hospitals. The draft regulations were released in January 2002 and, after a per-
iod of highly contentious public comment, implemented in January 2004. The
ratios were phased beginning January 1, 2004, the staffing ratio for medical-
surgical areas was set at 1 : 6; in March 2005, the ratio was enriched to 1 : 5.
In 2008, additional specialty units were subject to the regulations. Up to 50
percent of licensed nursing hours could be provided by LVNs (Spetz 2004).

Studies have concluded that the legislation led to increases in nurse staff-
ing (Donaldson et al. 2005; Spetz et al. 2009; Aiken et al. 2010; Donaldson
and Shapiro 2010; Serratt et al. 2011; Cook et al. 2012). McHugh et al. (2011)
found that California hospitals increased their nurse staffing significantly more
after the legislation than did hospitals in other states and did not simulta-
neously reduce their skill mix—the ratio of RN to total nursing staff. How-
ever, their study included hospitals in states that had adopted other
approaches, for example, hospital-specific staffing requirements, public
reporting of nurse staffing, potentially minimizing the extent to which the
effects of the legislation could be seen (American Nurses Association [ANA]
2011). Although these studies demonstrated improvements in aggregate RN
staffing, due to wide variability in hospitals’ prelegislation staffing levels, it is
likely that there were heterogeneous hospital responses to the regulations
based on their prelegislation staffing levels, and that some hospitals met “mini-
mum” requirements by differentially increasing their use of LVN/LPNss.

The conclusions of research investigating whether quality improved fol-
lowing the legislation are mixed (Donaldson and Shapiro 2010). Neither Don-
aldson et al. (2005) nor Bolton et al. (2007) found significant decreases in falls,
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decubitus ulcers, or restraint use following implementation of the regulations.
Using the Agency for Healthcare Research and Quality’s (AHRQ) Patient
Safety Indicators (PSIs), Spetz et al. (2009) found no significant improvement
in postoperative sepsis, deep vein thrombosis, decubitus ulcers, mortality fol-
lowing pneumonia, or failure to rescue (FTR, death following a complication).
Cook et al. (2012), using a panel of California hospitals from 2000 to 2006,
found no statistically significant decrease in FTR or decubitus ulcers following
implementation of the ratios, and Aiken et al. (2010), using cross-sectional
data from California, New Jersey, and Pennsylvania, concluded that hospitals
with staffing levels consistent with those mandated in California had signifi-
cantly better nurse-reported quality and lower levels of mortality and FTR.
More recently, Spetz et al. (2011), also using data from California hospitals
from 2000 to 2006, found statistically significant decreases in postoperative
respiratory failure and pressure ulcers, but no reductions in FTR or selected
infections due to medical care, postoperative pulmonary embolism, or deep
vein thrombosis. Finally, a trend analysis of state snapshots in AHRQ)’s most
recent National Health Care Quality Report (http://www.ahrq.gov/qual/
measureix.htm#quality) reveals that, from 2000 to 2007, overlapping the per-
iod of our study, rates of postoperative sepsis and infections due to medical
care increased significantly more in California than in 25 other states (authors’
unpublished analysis, 2012; see Appendix Table 1). However, the conclusions
of these studies are limited by convenience sampling, cross-sectional designs,
and failure to use a measure of nurse staffing that takes account of patients’
needs for nursing care.

We address these concerns by relying on the natural experiment pro-
vided by the passage of California’s minimum nurse staffing legislation
and using a large panel of hospitals within a before-after comparison
group design. We develop measures of acuity-adjusted nurse staffing, using
Nursing Intensity Weights (NIWs) (ANA 1997; ANA 2000; Needleman
et al. 2002; Mark and Harless 2011) that provide a more accurate measure
of staffing relative to patient need. We examined the following research
questions:

1. Following implementation of the nurse staffing legislation, did acuity-
adjusted nurse staffing increase significantly more in California hospi-
tals than in hospitals in comparison states?

2. Did some California hospitals, especially those most affected by the
staffing regulations, rely more on LVNs to meet the minimum staffing
requirements than other hospitals?
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3. If California hospitals increased their acuity-adjusted nurse staffing
significantly more than hospitals in comparison states, did quality of
care improve significantly more in California hospitals than in hospi-
tals in comparison states?

LINKING NURSE STAFFING AND QUALITY OF CARE

Although no empirical research has identified the underlying mechanisms
linking nurse staffing to quality, conceptually, increasing nurse staffing might
lead to improvements in quality by enhancing nurse surveillance (Fagin
2001). Such surveillance involves direct patient observation, recognition of an
actual or impending problem, and mobilization of an intervention that
requires coordination of others’ actions to save a patient’s life. In addition,
nurses also have a critical role with patient and family teaching. This may
increase the likelihood that patients and their families will be active partici-
pants in the patient’s care, heighten their awareness of potentially dangerous
signs and symptoms, and increase their comfort in reporting their concerns to
a nurse. When nurse staffing is less than adequate, nurse workload increases
and surveillance and patient and family teaching can be compromised, con-
tributing to “missed nursing care”—errors of omission in providing care—
with potentially deleterious effects on quality (Kalisch, Landstrom, and Wil-
liams 2009; Kalisch and Lee 2010). Increased workload due to poor staffing
may also lead to errors. Finally, if low staffed hospitals rely on LVNs/LPNs to
work outside their scope of practice, expecting them to engage in surveillance
and patient assessment—roles for which they are not trained—missed care
and errors may increase. Thus, increasing nurse staffing might enhance nurse
surveillance and reduce missed care and errors, leading to improvements in
quality of care.

METHODS
Sample

The sampling frame was hospitals in states that participated in AHRQ’s
Health Care Cost and Utilization Project (HCUP) State Inpatient Database
(SID) for 2000 through 2006. The SID includes the universe of hospital dis-
charges in each state. We included hospitals if they were general, short-term
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acute care hospitals. We excluded military hospitals, as well as hospital obser-
vations for which we were unable to match provider numbers across years
and/or databases, for which average daily census was less than 20 (Needleman
et al. 2002), and for which the reporting period was less than 360 days in the
Center for Medicare and Medicaid Services Hospital Cost Report Information
System (HCRIS). Our final sample contained observations from 175 hospitals
in California and 425 hospitals in 12 other states that did not have minimum
nurse staffing legislation (Arizona, Colorado, Florida, Iowa, Kentucky, Mary-
land, North Carolina, New Jersey, Utah, Washington, Wisconsin, and West
Virginia). Depending upon the quality measure (discussed below), we had
between 2,380 hospital-year observations comprising 32.6 million patient dis-
charges for failure to rescue and 2,716 hospital-year observations reflecting
34.7 million discharges for PSI 7 (infection due to medical care).

Variables and Data Sources

The staffing measures included registered nurse full-time equivalents per
1,000 patient days (RN FTEs) and licensed vocational/practical nurse full-
time equivalents per 1,000 patient days (LVN/LPN FTEs). The minimum
staffing legislation mandated a fixed rule for the minimum number of nurses
and applied that rule to hospitals with patients having substantially different
average acuity levels. Therefore, a 1 : 5 nurse-patient ratio could result in
patients’ needs for nursing care being comparatively undemanding in some
hospitals and more substantial in others. Acuity-adjusted staffing levels repre-
sent what might be considered “effective” staffing levels, and it is these acuity-
adjusted staffing levels that are important in considering how the change in
staffing affected quality of care.

To account for this, we used Nursing Intensity Weights (NIWs) (ANA
1997, 2000; Needleman et al. 2002; R. Knauf, personal communication,
2007; Mark and Harless 2011) to develop our measures of acuity-adjusted staff-
ing. NIWs are based on patient needs for nursing care, including assessment,
planning, patient/family teaching, emotional support for the patient and/or
family, medical needs, and physical needs. NIWs incorporate the assigned
APR-DRG severity level, as well as the proportion of hospital days spent in
acute care and in intensive care. These patient-level weights are then summed
over a hospital’s patient population to obtain an average NIW for a hospital in
a given year and converted into an index based on the average NIW for the
entire sample of hospitals in the preregulation period. Normalizing the NIW
values results in an index where 1.0 indicates a hospital with average nursing
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intensity; values greater (less) than 1.0 indicate higher (lower) intensity. In our
sample, NIWs ranged from 0.74 (representing patient acuity 26 percent
lower than average) to 1.54 (representing patient acuity 54 percent higher than
average).

We grouped hospitals in each state into quartiles based on their prelegis-
lation nurse staffing levels for medical-surgical and pediatric services, which
provide care for the majority of hospital patients. This provides some control
for potential idiosyncratic differences in hospitals related to their initial staff-
ing levels. We chose quatrtiles in an attempt to balance fit (grouping similar
hospitals) and parsimony (avoiding excess parameters and divisions), an
approach previously used in the study of the effects of California’s minimum
nurse staffing (Reiter et al. 2011a,b). Thus, California hospitals in the lowest
preregulation staffing quartile (Quartile 1) were expected to require the great-
est increase in staffing to comply with the regulation, and those in the highest
preregulation staffing quartile (Quartile 4) the least. This approach excludes
intensive care units from staffing calculations; since California hospitals’ inten-
sive care units already had minimum staffing ratios of one nurse for every two
patients, they were not subject to the new minimum staffing regulations, and
their inclusion might have artificially increased the observed staffing levels.

To form staffing quartiles in California, we used Office of State Health
Planning and Development (OSHPD) annual disclosure reports which con-
tain RN and LPN/LVN productive hours by cost center. For comparison state
hospitals, we obtained staffing data from the American Hospital Association
(AHA) Annual Hospital Survey, but the AHA data do not distinguish between
inpatient and outpatient staffing nor distinguish ICU staffing. Therefore,
a method to allocate staffing to the appropriate services had to be applied.
A typical approach is to use the “adjusted patient day” method, which assumes
that outpatient visits can be normalized to inpatient days using the ratio of
gross outpatient and inpatient revenues, but this approach has been found to
be biased (Needleman et al. 2001). Therefore, we relied on nurse staffing data
from the California OSHPD from the preregulation period as validation data,
and estimated the proportion of nurses assigned to medical-surgical and pedi-
atric units using a regression model for proportions based on the beta distribu-
tion (Ferrari and Cribari-Neto 2004). We then used this model to estimate the
proportion of RNs and LPN/LV N caring for adult and pediatric inpatients in
comparison states.

From AHRQ)’s Patient Safety Indicators (PSIs), we selected those that
professional organizations such as the National Quality Forum and the ANA
have endorsed as being appropriate nursing quality indicators and for which
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there is research supporting the relationship (Kane et al. 2007). The measures
were as follows: failure to rescue [PSI 4], infection due to medical care, partic-
ularly those due to intravenous lines and catheters [PSI 7], postoperative respi-
ratory failure [PSI 11], and postoperative sepsis [PSI 13]. We applied AHRQ’s
PSI software to patient-level data obtained from the HCUP SID, which con-
tains all necessary data elements. We excluded patients who either transferred
into the hospital or were discharged to another facility, or patients whose dura-
tion of stay was 0, was unknown or was longer than 365 days. We utilized
AHRQ’s built in PSI risk-adjustment approach to calculate the expected num-
ber of adverse incidents.

Control variables included the number of beds, percentage of Medicare,
and percentage of Medicaid discharges and operating margin, since research
has found that operating margins decreased significantly for some California
hospitals following passage of the legislation (Reiter et al. 2011a). These vari-
ables were obtained from HCRIS. We also included the Saidin index, a mea-
sure of technological sophistication (Spetz and Maiuro 2004), which was
derived from AHA data.

Analytic Approach

We examined changes in acuity-adjusted staffing levels from prior to the legis-
lation’s passage to the transition period (the period between when draft regula-
tions were announced [2002] and implementation began [2003]); the initial
regulatory period (from January 2004 to March 2005); and the final regulatory
period when the enhanced ratios were implemented (from April 2005 to
December 2006).

To examine whether the increase in staffing in California was signifi-
cantly greater compared to staffing increases in comparison states, and to
examine whether there were heterogeneous responses to the staffing regula-
tions based on hospitals’ preregulation staffing levels, we examined mean per-
centage difference calculated across hospitals; that is, we calculated
percentage difference for each hospital, then took the mean of the percentage
differences and used a two-sample test for differences in means assuming
unequal variances for the two groups. We examined changes in the numbers
of FTE licensed nurses (i.e., the total of RN and LVN/LPN FTEs), RNs, and
LVN/LPNs, all per 1,000 inpatient days (IPDs) and all adjusted for acuity.

We then employed a difference-in-difference (DD) approach to examine
changes in quality of care. DD estimation involves identifying a specific
change (the staffing regulations) and then comparing the difference in
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outcomes (the PSIs) before and after the implementation of the regulations for
hospitals affected by the policy (California hospitals) to the before-after differ-
ence in hospitals in states unaffected by the policy (the comparison states).
The parameters of interest are the differences in the change in California hos-
pitals’ quality relative to their level of quality prior to implementation of the
legislation minus the same difference for hospitals in comparison states. Esti-
mates for the DD models were obtained using Poisson-fixed effects regres-
sions (Cameron and Trivedi 1998), which rely only on information from
within-hospital variation in the count of adverse outcomes and the expected
count of adverse outcomes across time periods in which staffing changed in
California relative to other states, other regressors, and quality measures. We
control for differential risk of adverse incidents using the expected counts
from the PSIs as a measure of exposure (that is, we include the natural log of
the expected number of adverse incidents as a regressor with the coefficient
for the variable fixed to 1.0). In addition, we control for fixed effects for time.
All measured or unmeasured differences between hospitals that do not vary in
time are accounted for in the fixed effects by incorporating a multiplicative,
hospital-specific term, which is equivalent to including a dummy variable for
each hospital (Cameron and Trivedi 1998).

FINDINGS
Description of Study Sample

Descriptive statistics are presented in Table 1 for both California and compar-
ison state hospitals by preregulation staffing quartile. Staffing and quality are
discussed in detail below. With regard to other measures, operating margin
was worse in California hospitals than in comparison state hospitals; and Cali-
fornia hospitals treated a lower percentage of Medicare patients but a higher
percentage of Medicaid patients than comparison hospitals. California Quar-
tile 1 hospitals had fewer beds than Quartile 1 comparison state hospitals but
in Quartile 4, California hospitals were larger. With the exception of Quartile
4 hospitals, California hospitals provided less technologically sophisticated
services (measured with the Saidin index) than comparison state hospitals.

Question 1

Did acuity-adjusted nurse staffing increase significantly more in California hospitals
than in hospitals in comparison states? Table 2 provides summary information,
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by staffing quartile, on the mean level of acuity-adjusted nurse staffing by regu-
latory period, the mean percentage change (as a percentage of preregulation
licensed nurse staffing), and the differential percentage change between
California and comparison state hospitals. Although the table presents
percentage difference from the preregulatory period for the initial and final
regulatory period, we focus the discussion primarily on changes for the final
regulatory period. (We also examined changes in unadjusted staffing: the
results are consistent with the analysis of NIW-adjusted staffing.) There are
several narratives that emerge from this table. The first relates to a pattern that
is consistent with expectations that California hospitals with the largest pre-
regulation staffing shortfalls would increase staffing the most. Table 2 demon-
strates progressively smaller absolute increases in licensed nurse and RN
staffing in California hospitals in the higher preregulation staffing quartiles.
However, the pattern for change in LPNs/LV N is mixed.

The second narrative relates to absolute changes in staffing. At the pre-
regulatory period, California Quartiles 1 and 2 hospitals’ licensed staffing was
below comparison state hospitals in the same quartiles. Although both Califor-
nia hospitals and comparison state hospitals increased their staffing, California
hospitals’ increase was larger, so that at the final period, licensed nurse staffing
for California Quartile 1 and 2 hospitals exceeded staffing in comparison state
Quartile 1 and 2 hospitals. Quartile 3 hospitals had preregulation licensed
staffing levels that were essentially the same, with California hospitals increas-
ing their licensed staffing and comparison state hospitals remaining stable. For
Quartile 4 hospitals, California hospitals had lower licensed staffing in the pre-
regulatory period and increased their staffing during the period of the study,
whereas comparison state Quartile 4 hospitals decreased their staffing slightly
so that staffing in California Quartile 4 hospitals and in Quartile 4 comparison
state hospitals was similar in the final period.

In terms of RN staffing at the preregulatory period, California hospitals
were either the same (Quartile 1) or lower (Quartiles 2, 3, and 4) than RN staff-
ing in comparison state hospitals. At the final period, California Quartile 1, 2,
and 3 hospitals had higher RN staffing than comparison state hospitals, but
California Quartile 4 hospitals’ RN staffing was somewhat lower than compar-
ison state Quartile 4 hospitals.

Finally, we examine the differential percentage changes in staffing. In
both the initial and final regulatory period, California’s Quartile 2, 3, and 4
hospitals had a higher mean percentage change in RN staffing compared to
comparison state hospitals in the same quartiles. In Quartile 1, however, even
though the mean percentage increases in RN staffing in California hospitals
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were larger than those for California hospitals in the other three quartiles, the
differential change compared to comparison state hospitals was smaller and
not statistically significant. For example, among Quartile 1 hospitals in Cali-
fornia, the mean percentage change in acuity-adjusted RN staffing in the final
period was 35 percent, but the mean percentage change among comparison
state hospitals was 25.9 percent, so that the differential change was just 9.1 per-
centage points, and not statistically significant.

Question 2

Did some California hospitals, especially those most affected by the staffing regulations,
rely more on LVNs to meet the minimum staffing requirements than other hospitals?
Table 2 also demonstrates that during the final regulatory period, California
Quartile 1 and 2 hospitals increased their LVN/LPN staffing while compari-
son state Quartile 1 and 2 hospitals decreased their LVN/LPN staffing, and
the differential percentage change was statistically significant. In contrast,
there was no statistically significant differential percentage change in LVN/
LPN staffing levels in the final regulatory period in California Quartile 3 and 4
hospitals compared to hospitals in the same quartiles in comparison states.
This pattern suggests that hospitals with the largest preregulation staffing
shortfalls did rely more on LPNs/LVNs to meet the regulatory requirements
than hospitals with smaller preregulation staffing shortfalls, but, as discussed
earlier, these hospitals also increased RN staffing more than comparison state
hospitals.

Question 3

If California hospitals increased their acuity-adjusted nurse staffing significantly more
than hospitals in comparison states, did quality of care improve significantly more in
California hospitals than in hospitals in comparison states? Table 3 provides the
DD Poisson-fixed effects estimates representing the difference in percentage
change in the adverse event incidence, by staffing quartile, relative to the pre-
regulation period, for the initial period and the final regulatory period. (The
full regression results can be found in Appendix Table 2; DD results using
unadjusted staffing were similar.)

Failure to rescue (PSI 4) decreased significantly more in California
Quartile 1 hospitals than in comparison state hospitals in both the initial and
final periods (differential reductions of 37.1 and 30.7 percent, respectively,
p < .05). FTR also decreased significantly more in California Quartile 4
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Table 3: Difference-in-Difference Fixed Effects Poisson Model Estimates of
Percentage Change in Incidence of PSIs in California Relative to Comparison
State Hospitals in the Same Preregulation Staffing Quartile in the Initial and
Final Regulatory Periods

Quartile  Regulatory Period PSI4 PSI7 PSIT1 PSI13
1 Initial —371*(16.2) 10.2 (20.9) 1(21.5) 171 (57.2)
Final —30.7* (14.1) 40 1(22.5) 4(24.9) 52.4(72.0)
2 Initial ~10.1 (15.6) 2(172) —16 4(150)  —14.0/(24.9)
Final —11.6 (21.3) 11 5 (18.1) —10.6 (18.0) 21.3(35.1)
3 Initial ~19.6(14.9)  34.1*(15.3) ~9.6 (13.6) 20.4 (35.6)
Final —12.2 (17.9) 25.0 (17.2) —15.9(12.6) 21.1(27.6)
4 Initial ~10.5(19.5) 151(13.5)  —20.2(13.4) 4.0(23.1)
Final —32.9*(12.9) —2.7(13.8) —14.4 (17.0) —5.1(23.6)
Number of observations 2,380 2,716 2,589 2,431
Number of hospitals 534 600 573 538

Note. The standard errors (in parentheses) beneath coefficient estimates are robust to heteroskedas-
ticity and possible correlation or errors within-hospital observations. We incorporated the differ-
ing hospital reporting period dates to match reporting periods and the regulatory periods as
closely as possible. The DD Poisson regression contains dummy-like variables, defined as the pro-
portion of days of the HCRIS reporting period falling in a regulatory period. These are included
for the initial and final regulatory periods; the interaction of these dummy-like variables with
dummy variables for quartiles; and the interaction of these period-quartile dummy variables with
an interaction for location in California. Other control variables include operating margin, percent
Medicare inpatient days, percent Medicaid inpatient days, Saidin index, and natural log of num-
ber of beds.

*p < .05.

hospitals than in comparison state hospitals in the final period (differential
reduction of 32.9 percent, p < .05). Differential change in PSI 7 (infections
due to medical care) was statistically significant only for California Quartile 3
hospitals in the initial period and the sign on the coefficient was positive.
There were no statistically significant differential changes in either PSI 11
(respiratory failure) or PSI 13 (postoperative sepsis). The signs on the coeffi-
cients for PSI 11 were consistently negative except for Quartile 1 hospitals,
where they were positive but extremely small; no pattern in signs can be
observed for PSI 13.

DISCUSSION

The goals of California’s minimum nurse staffing legislation were to increase
licensed nurse staffing and to improve the quality of care. Our results indicate
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that, by the time the enhanced staffing ratios were implemented (i.e., the final
regulatory period), there were both large absolute and statistically significant
differential increases in licensed nurse staffing across all quartiles in California
hospitals. It is worth noting, however, that even in the final regulatory period,
California’s Quartile 1 hospitals’ NIW-adjusted licensed and RN staffing were
still lower (3.31 and 2.90 FTEs per 1,000 inpatient days, respectively) than
California’s Quartile 4 hospitals prior to implementation of the legislation
(3.88 and 3.03 FTEs, respectively). And, although California Quartile 1 hospi-
tals increased their RN staffing substantially, the increase was not significantly
greater than in Quartile 1 comparison hospitals. In addition, in California
Quartile 4 hospitals, the differential increase in both licensed and RN staffing
was significantly greater than in Quartile 4 comparison state hospitals. This
raises the question of why hospitals with the smallest preregulation staffing
shortfalls chose to increase RN staffing to such an extent. It may be that, with
competing hospitals raising their staffing levels, California Quartile 4 hospitals
needed to respond similarly to maintain the effectiveness of their recruitment
and retention strategies.

Change in quality of care was more limited. We found a significantly
greater reduction in FTR in California Quartile 1 hospitals than in Quartile 1
comparison state hospitals at both the initial and final regulatory periods. Two
possible explanations come to mind. First, the differential increase in licensed
staffing in California Quartile 1 hospitals was significantly greater than in
Quartile 1 comparison state hospitals, but the differential change was not
statistically significant for RN staffing. However, this lack of statistical signifi-
cance results from the fact that, although California Quartile 1 hospitals
increased their RN staffing 35 percent by the final regulatory period, Quartile
1 comparison hospitals also increased their staffing. In other words, statisti-
cally significant or not, the 35 percent increase is a very large absolute increase
in RN staffing.

Second, it is conceivable, particularly for Quartile 1 hospitals, that staff-
ing with more LVNs/LPNs, even given their limited scope of practice, might
have allowed RNs additional time to engage in enhanced surveillance—a criti-
cal clinical process in preventing patients’ deteriorating conditions from wors-
ening, reducing missed care and ultimately decreasing FTR. From a policy
perspective, this suggests that when hospitals have limited RN staffing, the
strategic deployment of LVNs/LPNs may be important in reducing FTR.

We also saw a statistically significant differential decrease in FTR in
California Quartile 4 hospitals, where the differential increase in RNs was
slightly greater than in any other quartile.
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This finding, taken together with a statistically significant differential
increase in staffing in California Quartiles 2 and 3 hospitals without a corre-
sponding differential reduction in FTR, might indicate that the reduction in
FTR in California Quartile 4 hospitals may be due to unmeasured work envi-
ronment enhancements. For example, the Institute of Medicine (IOM) pub-
lished its report Keeping Patients Safe: Transforming the Work Environment of
Nurses in 2003 (Page 2003). The report focused not only on staffing but made
recommendations about work design that promotes patient safety, organiza-
tional culture that continuously strengthens patient safety, and mechanisms
that promote interdisciplinary coordination. If in the face of increased compe-
tition to recruit and retain RNs when other hospitals were increasing their
staffing levels, California hospitals with the highest preregulation staffing
levels implemented such nonstaffing work enhancements to a greater extent
than in Quartile 2 or 3 hospitals, these may have contributed to the observed
reductions in FTR.

Our finding that PSI 7 (infections due to medical care) increased more
in California Quartile 3 hospitals than in comparison state Quartile 3 hospitals
may reflect increased detection of these events, rather than an actual increase
in their numbers. If early detection improves and prompt treatment begins,
then length of stay for patients with these complications should not increase.
In support of this, both Mark and Harless (2010) and Spetz et al. (2011) found
that when nurse staffing was associated with more complications, it was also
associated with shorter lengths of stay.

The lack of observed effects of the legislation on adverse events may also
be related to the limitations of our study. Perhaps the most critical is that the
study was undertaken prior to Medicare’s requirement that all secondary diag-
nosis codes in the patient discharge record be coded as to whether they were
present on admission. Thus, even though AHRQ’s PSI software has explicit
inclusion and exclusion criteria for determining whether an adverse patient
safety event has occurred, if patients were admitted with any of these infec-
tions, then the inclusion of these events in incidence calculation is a source of
error (Mark and Harless, 2010). Interestingly, it is in failure to rescue, a patient
safety event that does not rely on present-on-admission status, where we did
see statistically significant and consistent results. However, all the outcomes
we investigated are rare events. Even though we applied a statistical model
appropriate in exactly that circumstance, this rarity is reflected in, for exam-
ple, the differential number of adverse events included in the count data
regression. This means that it is possible that hospitals with poor staffing or
unsafe environments could still experience zero adverse events.
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Another limitation is reliance on nurse staffing data from the American
Hospital Association, which do not distinguish staffing for inpatient and out-
patient services (Jiang, Stocks, and Wong 2006). And, although we used Cali-
fornia’s OSHPD nurse staffing data from before staffing regulations were
announced as a validation data set, our measurement of inpatient nurse staff-
ing may still be prone to error. In addition, because of the manner in which
the minimum nurse staffing regulations were promulgated, even the OSHPD
data do not allow a determination of whether any individual hospital was in
compliance with the regulations.

Our dependence on NIWs to adjust for patient acuity is another lim-
itation. NIWs, which quantify patients’ needs for nursing care, is an
improvement over the Medicare case mix index, which was designed to
measure intensity of resource use (Mark and Harless 2011). Although
NIWs have been used in several landmark studies (ANA 1997, 2000;
Needleman et al. 2002; Mark and Harless 2011), none of these studies has
evaluated their reliability.

Finally, although we described a promising potential conceptual linkage
underlying the association of nurse staffing to quality of care—that of nurse
surveillance, missed care, and errors—these important constructs were not
measured in this study and cannot be measured with secondary data. Research
using primary data collection methods would facilitate a more micro-level the-
oretical understanding of the ways in which nurse staffing might contribute to
quality of care.

CONCLUSION

Legislation, such as that of mandating minimum nurse staffing ratios, is often a
blunt instrument aimed at solving complex problems, and often results in
unintended consequences. Recent research has found that following imple-
mentation of the minimum nurse staffing legislation, RN wages increased in
California more than in states without such legislation (Mark, Harless, and
Spetz 2009), some California hospitals’ operating margins declined signifi-
cantly (Reiter et al. 2011a) and some California hospitals significantly
decreased the amount of uncompensated care they provided (Reiter et al.
2011b). These studies suggest that there was a measurable cost to the mini-
mum nurse staffing legislation in California. However, the larger and so far
unanswered question is whether the incremental increases in quality are worth
the cost. A full assessment of the effects of minimum nurse staffing legislation
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on health system access, equity, quality, and costs is critical before other states
or the federal government implements such legislation.
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