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Objective. We examined the concurrent and lagged effects of registered nurse (RN)
turnover on unit-acquired pressure ulcer rates and whether RN staffing mediated the
effects.
Data Sources/Setting. Quarterly unit-level data were obtained from the National
Database of Nursing Quality Indicators for 2008 to 2010. A total of 10,935 unit-quarter
observations (2,294 units, 465 hospitals) were analyzed.
Methods. This longitudinal study used multilevel regressions and tested time-lagged
effects of study variables on outcomes.
Findings. The lagged effect of RN turnover on unit-acquired pressure ulcers was sig-
nificant, while there was no concurrent effect. For every 10 percentage-point increase
in RN turnover in a quarter, the odds of a patient having a pressure ulcer increased by
4 percent in the next quarter. Higher RN turnover in a quarter was associated with
lower RN staffing in the current and subsequent quarters. Higher RN staffing was asso-
ciated with lower pressure ulcer rates, but it did not mediate the relationship between
turnover and pressure ulcers.
Conclusions. We suggest that RN turnover is an important factor that affects pressure
ulcer rates and RN staffing needed for high-quality patient care. Given the high RN
turnover rates, hospital and nursing administrators should prepare for its negative
effect on patient outcomes.
Key Words. Registered nurse turnover, nurse staffing, inpatient outcomes,
pressure ulcers

Over the past decade, a shortage of registered nurses (RNs) has been one of
the most critical concerns for health care institutions, particularly hospitals
(Spetz and Given 2003; Buerhaus, Auerbach, and Staiger 2009). The Bureau
of Health Professions of the Health Resources and Services Administration
estimated that the RN shortage would grow from 6 percent in 2002 to 20
percent by 2020 (DHHS 2002). Researchers proposed that high turnover and
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intent of RNs to leave the profession would further worsen the future shortage
(Aiken et al. 2001; HSM Group 2002). Since 2007, however, when the U.S.
economy slipped into a severe recession, immediate concern over the RN
shortage abated. During the recession, RN employment and retention sharply
increased compared with other professions, virtually ending the decade-long
shortage of hospital RNs (Staiger, Auerbach, and Buerhaus 2012). Neverthe-
less, workforce researchers expect that the absence of an RN shortage may be
short-lived and that increases in RN turnover and a shortage will reemerge
once the economy has recovered (Buerhaus, Auerbach, and Staiger 2009;
Staiger, Auerbach, and Buerhaus 2012). Thus, policy makers, administrators,
and researchers must closely monitor RN turnover because it affects stability
in the nursing workforce and threatens the consistency and quality of patient
care.

Past studies have identified an array of complex and multifaceted factors
associated with nurse turnover; however, most of them have focused on the
determinants of nurse turnover such as organizational factors, management
style, workload, burnout, and pay/benefits (O’Brien-Pallas et al. 2006; Hayes
et al. 2012). Few studies have examined the consequences of nurse turnover,
particularly its effect on the quality of hospital patient care.

Many researchers assume that nurse turnover will negatively affect the
quality of patient care that is provided by nurses (Shortell et al. 1994; Tai,
Bame, and Robinson 1998; O’Brien-Pallas et al. 2006). However, this
assumption has been supported by only a few empirical studies that examined
the relationship between nurse turnover and patient outcomes (Leiter, Harvie,
and Frizzell 1998; O’Brien-Pallas et al. 2010; VHA 2002). Moreover, their
findings could be challenged because the studies were based mostly on small
sample sizes, used data from a narrow set of unit types or a limited number of
hospital settings, analyzed facility-level data that might not account for differ-
ences in turnover rates among unit types, used a cross-sectional design that
might make it difficult to account for changes in nurse turnover and outcomes
over time, or considered turnover intention as a proxy for actual turnover
instead of testing the direct effect of actual turnover on patient outcomes
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(Hayes et al. 2012). To address these concerns, therefore, we longitudinally
examined the association between turnover of nurses, specifically RNs, and
the patient outcome of pressure ulcers at the unit level.

CONCEPTUAL FRAMEWORK

Figure 1 is a longitudinal framework showing relationships among RN turn-
over, pressure ulcers, and RN staffing, which is relevant to workforce ade-
quacy as well as care quality, and controlling for unit and hospital
characteristics. Our longitudinal framework incorporates Granger causality
between variables of interest, indicating that the lags of explanatory variables
can be helpful to predict the outcome variable even though the relationships
may not represent actual causality (Greene 2012).

RN Turnover

Nurse turnover occurs when a nurse leaves a hospital (external turnover) or
transfers from one position to another within a hospital (internal turnover)
( Jones 1990; LeVasseur et al. 2009). External turnover is usually attributable
to a nurse employee who voluntarily seeks a change of employment; internal
turnover may be voluntary or involuntary when triggered by employer man-
dates such as hospital restructuring or downsizing. In the literature, definitions
and measures of turnover are inconsistent. O’Brien-Pallas et al. (2006, 2010)
included internal and external departures for voluntary reasons but excluded
turnover due to involuntary reasons such as dismissal, forced retirement, lay-
off, and medical disability. Some researchers included external turnover while
excluding transfers within a facility ( Jones 2005; Beecroft, Dorey, andWenten
2008). Other researchers investigated total turnover attributable to both inter-
nal and external turnover for both voluntary and involuntary reasons (Baern-
holdt and Mark 2009; LeVasseur et al. 2009; Bae, Mark, and Fried 2010).
Considering these diverse operational definitions, we determined that total
turnover may more appropriately capture the overall effect on the quality of
patient care in that, whatever the reasons, nurse turnover reduces the stability,
efficiency, and productivity of the nursing workforce in providing patient care
on nursing units ( Jones 1990, 2005).

Despite serious concerns about quality of patient care in units with
frequent turnover, only a few studies have identified the detrimental effect of
nurse turnover or intent to leave on patient outcomes. Leiter, Harvie, and
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Frizzell (1998), using survey data from 605 patients and 711 nurses (82.8 per-
cent RNs) in two hospitals, found that patients were less satisfied with nursing
care when the nurses on their units felt exhausted and planned to leave. Bae,
Mark, and Fried (2010) examined possible mechanisms underlying the turn-
over and outcome relationship and found that workgroup learning was nega-
tively related to RN turnover and medication errors. Only two cross-sectional
studies, using data from multiple hospitals, examined the direct relationship
between turnover and patient outcomes (O’Brien-Pallas et al. 2010; VHA
2002). These studies showed that higher rates of nurse turnover were associ-
ated with longer patient stays, greater risk-adjusted patient mortality rates
(VHA 2002), and more medical errors (O’Brien-Pallas et al. 2010). Based on
these study findings, we hypothesized that higher RN turnover rates on
units would be concurrently associated with poorer patient outcomes
(Hypothesis 1, H1) (see Figure 1).

RN turnover may also have a lagged effect on patient outcomes; how-
ever, past studies offer little empirical evidence linking RN turnover with
patient outcomes in a longitudinal design. When nurses leave a unit, those
who remain behind can become overburdened with patient care until vacant
positions are filled and new staff members are trained (Tai, Bame, and Robin-
son 1998; O’Brien-Pallas et al. 2006). Newly hired or transferred nurses usu-
ally perform less efficiently until fully integrated into the new environment.
Thus, higher RN turnover on units may gradually increase residual staff’s
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Note. We hypothesized that (1) higher RN turnover rates on units in a given period of time, t-1, would be concurrently associated with higher UAPU rates at time t-1; (2)
higher RN turnover in a given period of time, t-1, would tend to increase UAPU rates in the subsequent period time t; (3) higher RN staffing levels at time t-1 would be 
concurrently associated with lower UAPU rates at time t-1; (4) higher RN turnover rates at time t-1 and t would be associated with lower RN staffing levels at time t; and
(5) RN staffing at time t-1 or t would have an effect on RN turnover rates at time t.  
For the mediation of RN staffing on the relationship between RN turnover and UAPUs, we expected that the dashed lines would not show significant relationships.   

CMI, case mix index; RN, registered nurse; UAPU, unit-acquired pressure ulcer. 

Figure 1: Conceptual Framework of RN Turnover, RN Staffing, and Unit-
acquired Pressure Ulcers Showing the CombinedHypotheses
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workloads and nurse burnout, diminish workgroup collaboration, and
adversely affect patient outcomes during transition periods. Based on this con-
cern, units with higher RN turnover in a given period of time, t � 1, would
tend to have poorer patient outcomes in the subsequent time period, t (H2).

RN Staffing

As found in previous research, lower RN staffing levels are associated with
higher rates of mortality and more adverse patient outcomes (Aiken et al.
2002; Needleman et al. 2002; Blegen et al. 2011), and high RN turnover rates
can inhibit the retention of a sufficient number of RNs to provide safe and
high-quality patient care (Gardner et al. 2007; Hayes et al. 2012). Thus, it is
possible that the relationship between RN turnover and patient outcomes is
mediated by RN staffing. For such mediation, we hypothesized that higher
RN staffing levels would be concurrently associated with better patient out-
comes (H3), and higher RN turnover rates at time t � 1 and twould be associ-
ated with lower RN staffing levels at time t (H4). Although we tested the
possibility of RN staffing mediation while hypothesizing H4, little is known
about whether RN staffing affects RN turnover, or vice versa. Based on this
concern, we also tested whether RN staffing at time t � 1 or t would have an
effect on RN turnover rates at time t (H5).

Hospital and Unit Characteristics

Hospital and unit characteristics, such as MagnetTM status, hospital size, teach-
ing status, Medicare Case Mix Index (CMI), and unit type, have been used as
important control variables in outcomes research (Aiken et al. 2002; Mark
and Belyea 2009; Blegen et al. 2011). Magnet hospitals have shown better
patient outcomes than non-Magnet hospitals (Lake et al. 2010). Teaching hos-
pitals may provide better quality of care than non-teaching hospitals, adjusting
for patient and hospital characteristics (Allison et al. 2000; Ayanian and
Weissman 2002); however, teaching hospitals typically have more beds (Alli-
son et al. 2000). Thus, teaching status and hospital size may be confounded
with each other. CMI has been used as a proxy measure of hospital-level
severity of patient illness, on the assumption that hospitals with more severe
patients and a higher CMI level have more demand for nursing care and have
poorer patient outcomes (Kovner et al. 2002; Mark and Harless 2010). Unit
type was included in our models because rates of pressure ulcers, nurse staff-
ing, and turnover typically differ by unit type.

Effect of Nurse Turnover on Pressure Ulcers 1209



While testing the hypotheses presented above after controlling for hos-
pital and unit characteristics, we examined (1) the concurrent and lagged
effects of RN turnover on pressure ulcer rates using longitudinal, unit-level
data, and (2) whether the effects of RN turnover on pressure ulcer rates were
mediated by RN staffing levels. As a patient outcome attributable to nursing
care, pressure ulcers are an adverse patient condition that has yet to be studied
in relation to nurse turnover. Pressure ulcers prolong hospital length of stay,
increase in-hospital mortality and costs (Allman et al. 1999; Russo, Steiner,
and Spector 2008), and represent one of the patient outcome indicators
endorsed by the National Quality Forum (NQF 2004) for public reporting. In
addition, pressure ulcers are among the hospital-acquired conditions ineligi-
ble for reimbursement by the Centers for Medicare and Medicaid Services
(CMS 2012) and are a quality indicator measurable at the unit level.

Despite the important role of RNs in reducing pressure ulcers, the find-
ings of previous studies have been inconsistent regarding the beneficial effect
of RN staffing on pressure ulcer rates. Some researchers found a significant
relationship between higher RN staffing and lower pressure ulcer rates
(Blegen, Goode, and Reed 1998; Blegen et al. 2011), whereas other research-
ers reported no beneficial effect of staffing on pressure ulcers (Needleman
et al. 2002; Cho et al. 2003). Our study using unit-level longitudinal analysis
and accounting for RN turnover effects could provide a better understanding
of the relationship between RN staffing and pressure ulcers.

METHODS

Data Sources and Sample

This longitudinal, observational study used hospital administrative data
obtained from the National Database of Nursing Quality Indicators
(NDNQI�). Our sample included NDNQI member hospitals that reported
data on nurse turnover and pressure ulcers for each quarter from 2008
through 2010. We limited our sample to four major types of units (step-down,
medical, surgical, and medical-surgical combined) with adult patients. We
excluded intensive care, rehabilitation, psychiatric, and obstetric units as these
units provide specialized patient care. Unit-level data on nurse turnover, staff-
ing, pressure ulcers, and unit characteristics were matched with NDNQI facil-
ity-level information on hospital characteristics. The final analytic sample
included a multilevel panel of 10,935 unit-quarter observations (from 2,294
units in 465 hospitals from 47 states) that had values of turnover and pressure
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ulcers for the previous quarter (i.e., no missing values for the lagged
variables).

Compared with 2010 American Hospital Association (AHA) survey
data (6,268 hospitals, response rate about 85 percent), our sample differed in
terms of hospital size, location, and Magnet status. Specifically, about 55 per-
cent of hospitals in our sample had 200 staffed beds or less as compared with
the 74 percent of hospitals in the AHA sample. Furthermore, our sample
included more hospitals with Magnet designation (23 vs. 6 percent) and more
hospitals located in metropolitan areas (83 vs. 65 percent) than the AHA sam-
ple. Most hospitals in our sample (88 percent) were not-for-profit as compared
with the AHA sample (50 percent).

Measures

A pressure ulcer is a localized lesion of skin and/or underlying tissue result-
ing from pressure or pressure combined with shear (NPUAP/EPUAP 2009).
Data on pressure ulcer prevalence, hospital-acquired pressure ulcers, and
unit-acquired pressure ulcers are gathered quarterly by nursing staff in
NDNQI-affiliated hospital units through direct inspection of the patient’s
skin. The NDNQI requires participating hospital staff to be trained in pres-
sure ulcer identification and staging prior to collecting pressure ulcer data.
Findings from two reliability studies on the NDNQI pressure ulcer indicator
showed moderate to substantial agreement in pressure ulcer staging from
direct inspection of the patient’s skin (Kappa statistics of 0.60–0.68), moder-
ate to near perfect agreement in pressure ulcer staging from web-based test-
ing with pictures (Kappa statistics of 0.59–0.81), and near perfect agreement
in pressure ulcer identification (pressure ulcer/not pressure ulcer) from web-
based testing with pictures (Kappa statistics of 0.83–0.84) (Hart et al. 2006;
Bergquist-Beringer et al. 2011). For this study, we used the NDNQI data on
unit-acquired pressure ulcers that reflect the proximal point of nursing care
services better than hospital-acquired pressure ulcers. A unit-acquired pres-
sure ulcer was defined as a new pressure ulcer that developed after arrival on
the hospital unit. We measured the proportion of patients with a unit-
acquired pressure ulcer of any stage among patients surveyed on the units
each quarter.

The NDNQI database includes information on nurse turnover at the
unit level. Wemeasured nurse turnover based on unit RNs who provide direct
patient care for greater than 50 percent of their time. Average quarterly turn-
over rates were computed by dividing the total number of RNs on the unit
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who left their positions for any reason during a given quarter by the average
number of RNs on the unit for the quarter.

Unit-level nurse staffing was measured as the number of nursing hours
per patient day (HPPD). Only productive hours worked by staff who pro-
vided direct patient care for greater than 50 percent of their time were
captured. We computed HPPDs for RN and non-RN staffing separately. Non-
RN HPPD was calculated by aggregating hours provided by licensed
practical nurses and unlicensed assistive personnel.

We included unit and hospital characteristics as control variables. The
NDNQI identifies unit type by acuity level, overall age of the patient popula-
tion, and type of service provided. Only adult step-down, medical, surgical,
and medical-surgical units were included in the current study. Hospital size
was defined by the number of staffed beds: small (<200 beds), medium (200–
399 beds), and large (≥400 beds). Magnet hospitals were defined as those
recognized by the American Nurses Credentialing Center’s Magnet Recogni-
tion Program; non-Magnet hospitals were those that were not. Medicare
CMI, which indicated the average diagnostic-related group weight for a hospi-
tal’s Medicare patient volume, was used to differentiate hospital-level patient
case mix.

Data Analysis

Descriptive statistics were used to examine distribution and trends in study
variables for the 12-quarter period. We also fit multilevel logistic regression
models to examine the effects of unit-level RN turnover and staffing on the
odds of a patient having at least one unit-acquired pressure ulcer. Unit-specific
and hospital-specific random intercepts were included in each model to
account for the clustered structure of the data. We checked autocorrelation of
the error term because regression estimates can be biased and inefficient when
autocorrelation is present (Greene 2012). Based on results from the Woold-
ridge test, we confirmed no serial autocorrelation concern in our data. We also
confirmed stationarity in our panel data using the Fisher test for unit roots.

While cross-sectional studies investigate concurrent associations
between predictors and outcomes based on the assumption of strict exogene-
ity, under which there is no correlation between the predictors and error term
in any time period (Mark, Harless, and McCue 2005), this strict exogeneity
assumption can be violated for longitudinal data because changes in the
explanatory variables may influence outcomes in the current and subsequent
periods. In our models, along with the concurrent effect of RN turnover, we
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examined lagged effects to link RN turnover in the previous quarter with pres-
sure ulcer outcomes for the current quarter. The correlation between the con-
current and lagged values of RN turnover was not high (r = 0.13). In addition,
when we included concurrent and lagged RN turnover simultaneously in the
regression model, the variance inflation factor was less than 2, indicating that
multicollinearity was not a concern.

Similarly, a lagged effect may exist for RN staffing because the influence
of inadequate RN staffing on patient outcomes may be delayed. However, the
values of RN staffing were consistent over the study quarters with an extre-
mely high correlation between concurrent and lagged RN staffing (r = 0.93).
Thus, the lagged RN staffing was not included in our regressionmodels.

Consequently, several models were created. We first regressed the unit-
acquired pressure ulcer rate (UAPUijt) for nursing unit i in hospital j observed
in quarter t on RN turnover rates in the previous quarter (Turnover ijt�1, a
lagged variable of turnover) and current quarter (Turnoverijt, a concurrent var-
iable of turnover) (Model 1). Subsequently, to test whether RN staffing medi-
ated the relationship between RN turnover and unit-acquired pressure ulcers,
we fit a second model (Model 2) with RN staffing in the current quarter (Staff-
ingijt) added as a predictor to Model 1. We then fit a model examining a rela-
tionship between RN staffing and unit-acquired pressure ulcers without the
effects of RN turnover (Model 3).

Additionally, we conducted multilevel regression analyses to determine
whether RN turnover rates had an effect on RN staffing or vice versa. By
doing that, we could check the role of RN staffing as a mediator in the relation-
ships among turnover, staffing, and UAPUs. For the models regressing RN
turnover on staffing, we chose Poisson models, which are commonly used to
model count and rate data (McCullagh and Nelder 1989). The count of RN
separations in the unit-quarter was assumed to follow the Poisson distribution,
and wemodeled the rate of turnover by including the count of RNs on the unit
as an exposure variable. Because of a high correlation between concurrent
and lagged RN staffing values, we fit two separate models, one regressing RN
turnover on concurrent RN staffing and the other regressing RN turnover on
lagged RN staffing. As in the models of turnover and staffing described above,
unit and hospital intercepts were included to account for correlations among
repeatedmeasures.

Unit type, non-RN staffing, and hospital characteristics of Magnet status,
hospital size, and CMI were included as control variables in all models. In our
preliminary analysis, our data showed that teaching hospitals were relatively
larger than nonteaching hospitals. We also found that teaching hospitals did
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not have significantly lower UAPU rates, whereas UAPU rates significantly
differed by hospital size. For this reason, our regression models included only
hospital size and excluded teaching status to reduce multicollinearity among
control variables. In our preliminary findings, we observed an overall decreas-
ing trend in UAPU rates during the study period, although the shape of this
trend was not linear. For our regression models, we controlled for time-vary-
ing effects on UAPU rates using quadratic terms after testing and comparing
linear as well as polynomial growth trends. All analyses were conducted using
Stata version 12 (Stata Corporation, College Station, Texas, USA).

RESULTS

Table 1 summarizes the hospital and unit characteristics. Most of the study
units were medical-surgical (34.83 percent) and medical (25.89 percent) units.
The distribution of hospital Magnet status and number of staffed beds (hospi-
tal size) were time-variant but fluctuated little over the study period. Hospital
location, teaching status, ownership, and unit-type distributions were time-
invariant.

Table 2 presents means and standard deviations of RN turnover, nurse
staffing, and UAPU rates by unit types for the study period. The mean quar-
terly RN turnover rate across units was 5.81 percent. Step-down and medical
units showed higher average turnover rates (6.14 and 6.01 percent, respec-
tively) as compared with surgical (5.41 percent) and combined medical-surgi-
cal (5.72 percent) units. No increasing or decreasing trend over time was noted
in average quarterly RN turnover. However, a small but steady increase in
RN staffing levels was observed, whereas non-RN staffing levels slightly
decreased over time. Overall, the rate of UAPUs gradually declined from the
first quarter of 2008 through the fourth quarter of 2009, but then increased
slightly.

Associations between RN Turnover, Staffing, and UAPU

The results of the multilevel logistic models for UAPUs are presented in
Table 3. No statistically significant association was found between concurrent
RN turnover and UAPU (no support for H1). However, the lagged effect
of RN turnover on UAPUs was significant with and without the adjustment
for RN staffing levels, indicating that H2 was supported (see Models 1 and 2).
In Model 1, the odds ratio (OR) for lagged RN turnover was 1.004 (p = .038),
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indicating that for every 10 percentage-point increase in the RN turnover rate
in a quarter, the odds of a patient having a UAPU were expected to increase
by 4 percent in the next quarter. The change in RN turnover ORs was very
minimal, both with and without the adjustment for RN staffing.

Unit-level RN staffing had a significant effect on UAPU outcomes (sup-
port for H3). More RN hours per patient day were associated with lower
UAPU rates, controlling for other variables (OR = 0.952, p = .011; seeModel
2). In addition, the significant effect of RN staffing on UAPUs remained with-
out the RN turnover variables included as predictors (OR = 0.950, p = .009;
see Model 3). Higher non-RN staffing was significantly related to higher
UAPU rates in Models 1 and 3. In all models, quadratic-time effects were
statistically significant.

Table 1: Descriptive Summary of Hospital and Unit Characteristics over
Twelve Quarters from 2008 to 2010

Variables n %

Hospital characteristics (N = 465 Hospitals)
Magnet status*

Magnet 106 22.80
Nonmagnet 359 77.20

Hospital size*
Small (<200 beds) 254 54.62
Medium (200–399 beds) 159 34.19
Large (≥400 beds) 52 11.18

Teaching status
Teaching 184 39.57
Nonteaching 281 60.43

Location
Metropolitan 384 82.58
Nonmetropolitan 81 17.42

Ownership
Not-for-profit 411 88.39
Government 25 5.38
For-profit 29 6.24

Unit characteristics (N = 2,294 units)
Unit type

Step-down 455 19.83
Medical 594 25.89
Surgical 446 19.44
Combinedmedical-surgical 799 34.83

Mean StandardDeviation
Medicare case mix index 1.47 0.24

*Based on hospitals’most recent data from the study period.
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Associations between Hospital and Unit Characteristics and UAPU

Magnet status was significantly associated with UAPU outcomes (Table 3).
The UAPU odds were about 16 percent lower among units in Magnet hospi-
tals compared to units in non-Magnet hospitals, holding other factors constant
(see Model 2). Step-down units tended to have higher UAPU rates than surgi-
cal and combined medical-surgical units. Hospital size and CMI were not
statistically associated with UAPU rates in nursing units.

Associations between RN Staffing and Turnover

Regression analysis revealed significant effects of concurrent and lagged RN
turnover rates on RN staffing levels, supporting H4 (see Table 4). Higher rates
of RN turnover in prior and current quarters were associated with lower levels
of RN staffing in the current quarter. However, the concurrent and lagged
levels of RN staffing did not have a statistically significant effect on RN turn-
over rates (no support for H5).

DISCUSSION

Nurse turnover is inevitable even under the best of work environments.
Some nurse turnover can be beneficial by replacing poorly performing staff
with new hires who bring fresh ideas and new practices to a unit. However,
these potential benefits are outweighed by the results of nurse turnover:

Table 4: Regression Results for RN Staffing and RNTurnover

Coefficient (95%CI) p-Value

(a) Regression of RN staffing on RN turnover (Full modelWald v2 (12) = 1,666.12, p < .001)
Lagged RN turnover �0.004 (�0.005,�0.002) <.001
Concurrent RN turnover �0.002 (�0.004,�0.001) .007

(b) Regression of RN turnover on RN staffing (Full modelWald v2 (11) = 112.74, p < .001)
RN staffing �0.008 (�0.027, 0.012) .435

(c) Regression of RN turnover on lagged RN staffing (Full modelWald v2 (11) = 102.91, p < .001)
Lagged RN staffing �0.006 (�0.026, 0.013) .519

Note. All models were based on 10,935 observations (from 2,294 units in 465 hospitals) that did
not have missing values for the lagged variables. All three models were adjusted for non-RN staff-
ing, unit type, case mix index,Magnet status, hospital size, year-quarter, and squared year-quarter.
Multilevel mixed linear regression was used for Model (a). Multilevel Poisson regression models
were used for Models (b) and (c). For lagged variables, a one-quarter lag was used. CI, confidence
interval; RN, registered nurse.
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reductions of individual and organizational effectiveness, productivity, and
quality of care (Buchan 2010). We used longitudinal analyses to examine the
effects of unit-level RN turnover and staffing on UAPUs. We hypothesized
that high RN turnover and low RN staffing would be associated with higher
UAPU rates on nursing units; we found support for these relationships in this
study.

Specifically, our findings showed that nursing units with higher RN turn-
over in a quarter were more likely to have higher UAPU rates in the next quar-
ter. However, no concurrent relationship was found between RN turnover
and UAPUs. We conclude that the effect of higher RN turnover on UAPUs
was delayed until the next quarter rather than immediately observed. Based
on this, we suggest that RN turnover can impede the provision of high-quality
patient care during the transition period for the remaining and new RN staff
on units.

Past studies have reported inconsistent findings on the relationship
between nurse staffing and pressure ulcers (Cho et al. 2003; Unruh 2003;
Blegen et al. 2011). However, our regression findings from unit-level longitu-
dinal analyses add to the empirical evidence in support of the relationship
between higher RN staffing levels and lower UAPU rates. Our descriptive
analysis also showed a trend toward slightly increasing RN staffing and
decreasing UAPU rates over the study period. Based on our regression results,
the decreasing trend in UAPU rates was non-linear over 12 quarters from
2008 through 2010, holding other factors constant.

RN staffing was significantly related to UAPU outcomes regardless of
whether RN turnover was also included in the model. As hypothesized, we
found that RN turnover in a quarter affected RN staffing levels in both the cur-
rent and subsequent quarter, while RN staffing levels did not affect turnover
rates. However, the significant effect of lagged RN turnover on UAPUs did
not change after adjusting for RN staffing. Based on these results, we
concluded that there was no evidence for the mediation effect of RN staffing
on the relationship between lagged RN turnover and UAPUs.

Instead of RN staffing, job satisfaction might be a potential mediator for
the relationship between RN turnover and patient outcomes because high
turnover on a unit can lead to low job satisfaction of the remaining staff, result-
ing in poorer patient outcomes. However, in this study, we could not check
this mediation effect because NDNQI collects job satisfaction data annually
rather than quarterly. Moreover, many hospitals do not provide job satisfac-
tion data, and limiting the sample to units with for which these data were avail-
able would have led to an extreme reduction in the sample size. Future
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researchers should examine the mediation effect of job satisfaction with a
different study design or data.

Although some studies have found no association between patient out-
comes and non-RN staffing (Needleman et al. 2002; Park et al. 2012), we
found that higher levels of non-RN staffing were associated with higher UAPU
rates on nursing units when RN staffing levels and unit and hospital character-
istics were held constant. This is consistent with the positive association
between non-RN staffing and patient falls observed by Lake et al. (2010).

In the current study, Magnet-designated hospitals showed lower UAPU
rates than non-Magnet hospitals. This finding was similar to that of previous
studies that found better patient outcomes, such as lower fall rates, in Magnet
hospitals (Dunton et al. 2007; Lake et al. 2010).

Despite our efforts to minimize weaknesses in the study’s design, there
are limitations. First, although collecting data from a large sample of hospitals
nationwide was a study strength, the sample included mostly not-for-profit,
large hospitals in metropolitan areas as compared with the AHA sample.
Second, we analyzed one-quarter lags for RN turnover and UAPUs because
UAPUs were measured quarterly, making a lag of one quarter the shortest
possible time increment. However, we might have estimated more precise
lagged effects on outcomes if we could have obtained measures on a monthly
basis. Third, although the NDNQI’s pressure ulcer indicator has strength in
that it is collected by direct observation of patient skin and previous studies
support its reliability (Hart et al. 2006; Bergquist-Beringer et al. 2011), the
data on pressure ulcers were gathered during quarterly surveys that were per-
formed on one calendar day at each nursing unit. Pressure ulcer rates com-
puted from each quarterly survey may overestimate or underestimate actual
pressure ulcer rates on nursing units for the quarter; however, more frequent
tracking of pressure ulcers using this data collection method is expensive and
time-consuming. Thus, using the data on pressure ulcers from the quarterly
surveys was our only feasible method to measure pressure ulcer rates. Finally,
unit-level information on interventions to prevent pressure ulcers and accessi-
ble resources for these activities was not available for this study analysis.
Although we controlled for unit and hospital characteristics in addition to the
adjustment for unit- and hospital-specific random intercepts and time trends,
our adjustment might not be enough to account for unmeasured factors
related to patient acuity or quality of care on nursing units, such as having
more patients at higher risk for pressure ulcers, the lack of health care profes-
sionals who specialize in skin and wound care, or poor support systems to
improve quality of care.
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This study contributes to understanding the association between RN
turnover and UAPUs. Based on our findings, we suggest that RN turnover is
an important factor that negatively influences RN staffing levels needed for
high-quality care and also adversely affects UAPU outcomes regardless of
staffing levels. Higher RN turnover may be detrimental to a unit’s capability
to deliver high-quality care due to loss of clinical expertise, productivity, effec-
tiveness, and teamwork. We also suggest that although RN staffing may not
mediate the relationship between RN turnover and UAPUs, higher RN staff-
ing is critical to improving UAPU outcomes relative to non-RN staffing. Thus,
organizational efforts to maintain a stable and adequate RN workforce are
needed for better outcomes of UAPUs on units.

Although pressure ulcers are one of the most common and costly
adverse events on nursing units (Russo, Steiner, and Spector 2008), they can
be prevented by nurses’ efforts to improve quality of care (Bergquist-Beringer,
Derganc, and Dunton 2009). We suggest that nursing administrators can
reduce the occurrence of pressure ulcers by using managerial strategies and
other interventions to promote a positive work environment to maintain a sta-
ble and adequate RN workforce on the units, developing a program for pres-
sure ulcer prevention, and creating environments in which nursing and
wound care teams can work closely. Given the high rates of RN turnover, we
also suggest that administrators should prepare for the negative effect on
patient outcomes that may occur at a later time and anticipate the possibility
of an upcoming shortage of RNs on their hospital units.

To our knowledge, this is the first study to link RN turnover with pres-
sure ulcer outcomes using unit-level longitudinal data. Our longitudinal analy-
ses made it possible to evaluate time-lagged effects on a single patient
outcome. Our unit-level study was also able to capture the associations among
RN turnover, staffing, and patient outcomes on nursing units where turnover
events occur and nursing care is delivered. Further research using multiple
patient outcome indicators is needed to better understand the relationship
between unit-level RN turnover and patient outcomes.
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SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this
article:

Appendix SA1: AuthorMatrix.
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