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Objective. To study the association between hospital nurse staffing and Hospital Con-
sumer Assessment of Healthcare Providers and Systems (HCAHPS) scores.
Data Sources. State hospital financial and utilization reports, Healthcare Cost and
Utilization Project State Inpatient Databases, HCAHPS survey, and American Hospi-
tal Association Annual Survey of Hospitals.
Study Design. Retrospective study using cross-sectional and longitudinal models to
estimate the effect of nurse staffing levels and skill mix on seven HCAHPSmeasures.
Data Collection/Extraction Methods. Hospital-level data measuring nurse staff-
ing, patient experience, and hospital characteristics from 2009 to 2011 for 341 hospitals
(977 hospital years) in California, Maryland, and Nevada.
Principal Findings. Nurse staffing level (i.e., number of licensed practical nurses and
registered nurses per 1,000 inpatient days) was significantly and positively associated
with all seven HCAHPS measures in cross-sectional models and three of seven mea-
sures in longitudinal models. Nursing skill mix (i.e., percentage of all staff who are reg-
istered nurses) was significantly and negatively associated with scores on one measure
in cross-sectional models and none in longitudinal models.
Conclusions. After controlling for unobserved hospital characteristics, the positive
influences of increased nurse staffing levels and skill mix were relatively small in size
and limited to a fewmeasures of patients’ inpatient experience.
Key Words. Patient care, nursing care, nurse staffing, patient satisfaction

Policy makers, clinicians, and hospital administrators are focusing on patient
experience as an important domain to assess the quality of the U.S. health care
system. Surveys such as the Hospital Consumer Assessment of Healthcare
Providers and Systems (HCAHPS) have been used to assess patients’
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experiences with inpatient care (Centers for Medicare & Medicaid Services
2014a). Hospitals are being held increasingly accountable for their perfor-
mance on HCAHPS. For example, the results from HCAHPS are publicly
available on the Hospital Compare website (Centers for Medicare &Medicaid
Services 2014b). Beginning in 2016, HCAPHS scores will be included in the
calculation of the Centers for Medicare & Medicaid Services (CMS)
Value-Based Payment Modifiers, which will be used to calculate payments to
hospitals on the basis of their quality of care.

Nursing care is considered a key determinant of patient experience (Lar-
rabee et al. 2004; Kutney-Lee et al. 2009). The front-line nursing staff is the
first and most frequent point of contact for patients. Nurses can improve the
patients’ experience by communicating effectively, responding to requests,
and managing pain. Prior studies demonstrate that nursing communication
with patients is the greatest contributor to hospitals’ overall HCAHPS scores
(Elliott et al. 2009) and that higher scores on nurse-related questions are asso-
ciated with increased odds of receiving the most positive HCAHPS responses
(Wolosin, Ayala, and Fulton 2012).

Staffing levels and skill mix are likely factors in nurses’ abilities to
improve the patients’ experience. Nurses who work on units that are under-
staffed or do not have an adequate skill mix are apt to have less time to
respond to patient requests, assess their pain levels, and provide education.
The objective of this study was to determine the extent to which nurse staffing
and skill mix are associated with hospitals’HCAHPS scores.

Conceptual Framework

The concept of patient experience refers to patients’ perceptions of different
dimensions of care that they receive from their providers. These patient per-
ceptions are captured on the HCAHPS, a validated survey used by CMS to
assess patients’ experience of inpatient care (Giordano et al. 2010).
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In Figure 1, we show that nurse staffing and skill mix may affect patients’
experience, primarily through missed nursing care (Kalisch 2006; Kalisch,
Landstrom, andHinshaw 2009; Bittner et al. 2011). Missed nursing care refers
to the extent to which nurses fail to deliver necessary nursing care such as per-
forming assessments; documenting patient care; performing vital signs; deliv-
ering as-needed medication; ambulating, feeding, and turning patients;
responding to call bells; and performing patient education. Previous studies
have shown that as staffing levels increase, nurses are less likely to miss care
(Kalisch, Tschannen, and Lee 2011, 2012). Another study demonstrated that
patients are able to perceive and account for missed care, which may result in
lower patient experience scores (Kalisch, McLaughlin, and Dabney 2012).
Because of a patient’s perception of missed nursing care, nurse staffing levels
and skill mix may be associated with reductions in a hospital’s score on
selected HCAHPS measures, particularly measures that are aligned most clo-
sely with necessary nursing care that might be missed.

Figure 1 also shows that hospital organizational characteristics and
patient case mix are likely to be correlated with nurse staffing characteristics
and with patient experience. Previous studies found that nurse staffing and
patient experience scores are correlated with readily observable hospital orga-
nizational characteristics such as size, location, specialty, safety net, and profit
status ( Jha et al. 2008; Isaac et al. 2010;Manary et al. 2015) as well as with less
observable characteristics such as nursing work environment or providers’
engagement in improvement efforts (Kutney-Lee et al. 2009; Chatterjee et al.
2012; Siddiqui et al. 2014). Furthermore, nurse staffing and patient experience
are likely to be correlated with many characteristics of a hospital’s patient case
mix, including age, sex, race, health status, and education (Elliott et al. 2010;
Goldstein et al. 2010). As demonstrated in previous studies, these patient char-
acteristics need to be taken into account when assessing the relationship
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Figure 1: Conceptual Model
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between nurse staffing and patient outcomes (Mark, Harless, and McCue
2005; Harless and Mark 2010; Newhouse et al. 2010; Mark and Harless 2011;
Mark et al. 2013; Spetz et al. 2013; Martsolf et al. 2014).

Study Aims and Hypotheses

We have found important gaps in the literature related to our proposed con-
ceptual model. Although a number of studies have investigated the relation-
ship between nurse staffing and patient perception of care (Bolton et al. 2003;
Hall et al. 2003; Lang et al. 2004; Larrabee et al. 2004; Seago, Williamson,
and Atwood 2006; Clark et al. 2007; Schubert et al. 2008; Ausserhofer et al.
2013), only a small number of studies have directly investigated the effect of
nurse staffing on HCAHPS scores. Previous research found that nurse staffing
levels and skill mix were positively associated with hospitals’HCAHPS scores
( Jha et al. 2008; Kutney-Lee et al. 2009; Kang and Hasnain-Wynia 2013).
These studies relied on cross-sectional designs that used multivariate regres-
sion to control for observed hospital characteristics (i.e., those characteristics
that can be measured and included in a multivariate regression model) that
might bias the relationship between nurse staffing characteristics and
HCAHPS scores. However, the associations between nurse staffing and
HCAHPS scores also could be biased by unobserved hospital characteristics
that cannot be accounted for in multivariate regressions.

We believe that the lack of robust longitudinal designs in previous stud-
ies may have led to an overestimation of the effect that nurse staffing and skill
mix have on patient experience.Many of these unobserved hospital character-
istics that cannot be accounted for in standard, clinically based risk-adjustment
models (such as hospitals’ general levels of engagement in quality, unique
patient populations, or physical environment) might be time invariant within
the short window of our analysis. For example, a correlation between high
nurse staffing levels and high HCAHPS scores observed in a cross-sectional
analysis actually may be due to other hospital characteristics that are associ-
ated with nurse staffing. We can control for unobserved, time-invariant hospi-
tal characteristics that could bias the relationship between nurse staffing and
patient experience by using a longitudinal design. This design controls for the
hospitals’ baseline levels of nurse staffing and HCAHPS scores and then iden-
tifies an effect from longitudinal changes in those two variables.

To address these gaps in the literature, we used longitudinal data from
U.S. hospitals in multiple states and hospital fixed effects models to account
for unobserved, time-invariant hospital characteristics that were correlated
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with both nurse staffing and patient experience. To our knowledge, this study
is the first to examine this relationship using a rigorous longitudinal design.
Our study is designed to address the following research hypotheses:

• Aim 1: To determine the extent to which nurse staffing levels and skill
mix are associated with patient experience in cross-sectional models.
We hypothesize that nurse staffing and skill mix will be positively
correlated with patient experience scores in the cross-sectional
models.

• Aim 2: To determine the extent to which nurse staffing levels and skill
mix are associated with patient experience in longitudinal models that
control for unobserved time-invariant confounders. We hypothesize
that the changes in nurse staffing and skill mix will be positively corre-
lated with changes in patient experience scores in the longitudinal
models.

METHODS

Data Sources

We collected secondary hospital-level data for the years 2009–2011 from four
sources: state hospital financial and utilization reports, Hospital Compare
(Centers for Medicare & Medicaid Services 2014b), Healthcare Cost and
Utilization Project (HCUP) State Inpatient Databases (SID), and the Ameri-
can Hospital Association (AHA) Annual Survey of Hospitals (American
Hospital Association Health Forum 2014). We calculated measures of nurse
staffing and skill mix from the state hospital financial and utilization reports
for hospitals in California, Nevada, and Maryland. We focused on these three
states because they had nursing data that could be linked to Hospital Compare
and HCUP SID data. We used Hospital Compare data on patient experience
(described in the measures section below) from the 510 hospitals that had at
least 1 year of HCAHPS data. These data are reported annually by the hospi-
tals and are publicly available on the CMS data download website (Centers
for Medicare &Medicaid Services 2014c).

For the control variables, we used discharge-level data fromHCUP SID
to construct hospital-level variables that describe the demographic and clinical
characteristics of the patient populations. We used linked data from the AHA
to describe hospitals’ characteristics (e.g., size, teaching status).

We omitted 96 hospitals that did not have at least two consecutive years
of data that were children’s or long-term stay hospitals, or that had outlier
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values for nurse staffing. We defined outlier nurse staffing values as those that
were less than 1 or greater than 100 nurses per 1,000 inpatient days or as those
that more than doubled (i.e., greater than a 100 percent change) or less than
halved (i.e., less than a negative 50 percent change) from 1 year to the next.
We believe that such drastic values were likely to be data reporting errors.

We also eliminated 73 hospitals that had missing data in the regression
models. The final sample size for this analysis included 341 individual hospi-
tals and 977 individual hospital-year combinations. Across the three states,
80.3 percent of hospitals were in California, 13.2 percent in Maryland, and 6.6
percent in Nevada.

Measures

The dependent variables listed below consisted of 7 of the 10 HCAHPS mea-
sures reported on Hospital Compare (Centers for Medicare & Medicaid Ser-
vices 2013) that were most likely to be affected by nurse staffing and skill mix:

• Five HCAHPS composite measures: Communication with Nurses,
Responsiveness of Hospital Staff, PainManagement, Communication
aboutMedicines, and Discharge Information

• Two summary measures: Overall Hospital Rating and Recommend
Hospital

Our analyses focused on the publicly reported scores that were calcu-
lated using the top-box methodology (Centers for Medicare & Medicaid Ser-
vices 2014a). CMS calculates top-box scores using three steps. First, the
percentage of patients who scored each item with the most positive response is
calculated: always for the five HCAHPS composite measures, yes for the “dis-
charge information” and definitely for the “recommend hospital” categories,
and 9 or 10 for “overall hospital rating.” Second, survey mode adjustment and
hospital-level, patient-mix adjustment for such factors as education, self-rated
health, emergency department admission, and service line are applied to these
unadjusted top-box scores before they are made available through the CMS
website. Third, publicly reported HCAHPS scores are created using the aver-
age of the adjusted scores from four consecutive quarters. Higher hospital top-
box scores represent higher ranks among participating hospitals.

The explanatory variables consist of two nurse staffing variables for each
hospital-year combination. One variable, the number of licensed nurses (reg-
istered nurses [RNs] and licensed practical nurses [LPNs]) per 1,000 inpatient
days, reflected the level of nurse staffing at each institution. A second variable,
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the proportion of all nursing staff (RNs, LPNs, and aides) who were RNs,
reflected the skill mix of each hospital. We constructed the number of licensed
nurses per 1,000 inpatient days for each hospital using inpatient days reported
in the HCUP SID. To account for the fact that many hospitals do not distin-
guish between inpatient and outpatient nurses, we calculated adjusted patient
days by multiplying the number of patient days by the ratio of inpatient-to-
outpatient revenue (Spetz et al. 2008).

The control variables consisted of a number of hospital-level covariates
reflecting changes over time in patient characteristics in a given hospital that
we expected would correlate with the outcomes of interest. We included only
those covariates that were not included in the patient-mix adjustment that
CMS applies to the HCAHPS data before they are released. We included the
distribution of hospitals’ patients based on age, sex, primary payer, racial/eth-
nic minority status, and income quartile for patients’ ZIP Code of residence.
We also included the proportion of the hospitals’ patients who had been diag-
nosed with each of 21 comorbidities, such as metastatic cancer and renal fail-
ure, contained in Agency for Healthcare Research and Quality (AHRQ)
comorbidity software (Healthcare Cost and Utilization Project 2013). Finally,
we included the average Medicare Severity-Diagnosis Related Group (MS-
DRG) weight (United States Department of Veterans Affairs 2013) in the hos-
pital. We added DRG weight to account for the change in patients’ case mix
characteristics reflected by the combination of DRGs over time in a given hos-
pital. DRG weights were constructed to estimate the relative resource use
required to care for patients within each DRG. Although not designed for the
purposes of our study, we believe that using DRG weights is a reasonable
approach to account for variation over time in the DRG mix without having
to add separate variables for each of the more than 700 individual DRGs,
which would absorb the available degrees of freedom in our models.

In cross-sectional models, we included specific hospital-level character-
istics from the AHA, including size based on the number of beds (small, med-
ium, large), ownership status (public, not-for-profit, for-profit), teaching status
(teaching, nonteaching), and urban/nonurban location (located in large and
small metro areas, not located in large or small metro areas). Size (number of
beds) was based on a standardized variable within the Healthcare Cost and
Utilization Project that varies by location (urban, rural) and teaching status
(Healthcare Cost and Utilization Project 2008). We analyzed these variables
and found them to be largely time invariant. Therefore, we did not include
them in the models that included hospital fixed effects, which already
controlled for hospitals’ time-invariant characteristics.
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Analysis

First, we performed a pooled cross-sectional regression analysis that con-
trolled for the hospital-level, time-variant covariates, including the distribu-
tion of the hospitals’ patients by age, primary payer, income quartile,
comorbidities, race/ethnicity, and the average DRG weight. We also included
the hospitals’ size based on the number of beds, ownership, teaching status,
and urban/rural location. This model controlled for observable hospital and
patient characteristics that might account for differences in HCAHPS scores
across hospitals. We included time fixed effects to account for temporal trends
in HCAHPS scores and nurse staffing that affect all hospitals. For each regres-
sion model, we used a robust sandwich estimator to adjust for autocorrelation
associated with repeated observations on the same hospitals. We weighted
each regression by the number of discharges at each hospital to take into
account the size of each hospital. We used linear ordinary least squares (OLS)
regression models. Specifically, we estimated the following regression
equation:

Yht ¼ b0 þ b1Staffht þ b2Mixht þ Xhtb3 þ dt þ �ht ð1Þ
where Y represented each of the seven different HCAHPS measures, Staff
represented staffing levels, Mix represented skill mix, X represented a vector
of hospital characteristics that included both patient characteristics and hos-
pital structural attributes, d represented year fixed effects, and e represented
the stochastic error term. The variables were indexed by hospital (h) and
time (t).

Next, we analyzed models that were similar to those described in equa-
tion (1) but included hospital-level fixed effects. These fixed effects accounted
for the hospitals’ unobserved time-invariant characteristics that were corre-
lated with both nurse staffing and HCAHPS scores. In such a specification,
the model becomes longitudinal in nature by identifying the effect estimate
via longitudinal changes in nurse staffing and HCAHPS scores. Specifically,
we estimated the following regression equation:

Yht ¼ b0 þ b1Staffht þ b2Mixht þ Xhtb3 þ dt þ ch þ �ht ð2Þ
The primary difference between equations (1) and (2) was the addition

of a hospital-level fixed effect (c). By estimating a unique intercept for each
hospital, the hospital fixed effect accounted for any unobserved, time-invar-
iant hospital characteristics that were correlated with both nurse staffing and
patient experience. Including the hospital fixed effect in the longitudinal
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models also allowed us to test how changes in nurse staffing within these sam-
pled hospitals were associated with changes inHCAHPS scores over the study
period.

We performed a number of sensitivity analyses. First, we calculated
unadjusted nurse staffing levels. Second, we reestimated the models after limit-
ing the sample to hospitals that had at least 100 and 300 patients responding to
the HCAHPS survey, respectively. We performed this reestimation because
HCAHPS scores are measured with higher levels of measurement error for
hospitals with fewer respondents, and measurement error tends to attenuate
effects toward zero (Wooldridge 2012). Third, we estimated the regression
models without weighting. Finally, we ran the models separately for each
state to account for differences in staffing environments across the states (e.g.,
staffingmandates in California).

RESULTS

Table 1 shows that the hospitals in this study, on average, staffed 4.5 licensed
nurses per 1,000 adjusted inpatient days. RNs represented 74.1 percent of all
nursing staff. The mean HCAHPS scores for the sample of hospital-year com-
binations ranged from 56.7 (staff explaining medications) to 79.7 (staff pro-
vided discharge information). The hospitals were well distributed by size, with
21.4 percent in the small, 33.7 percent in the medium, and 44.9 percent in the
large category. Most hospitals were not-for-profit (62.0 percent) and almost all
hospitals were urban (91.8 percent).

Patient ages were well distributed across the age categories, ranging
from 10.5 percent in the 35–44 years age group to 25.1 percent in the 75 years
and older age group. Female patients accounted for a greater percentage of
discharges (60.6 percent) than male patients. Medicare was the primary payer
for 42.6 percent of the hospitals’ discharges, followed by private insurance
(26.3 percent), Medicaid (20.9 percent), and other sources (10.1 percent,
including self-pay and no charge). More than half (58.6 percent) of patients
who were admitted originated in the emergency department. The top three
comorbidities were hypertension (45.2 percent), deficiency anemias/chronic
blood loss anemia/coagulopathy (22.9 percent), and fluid and electrolyte
disorders (22.0 percent).

Table 2 shows the average values of nurse staffing and HCAPS scores in
2009 and 2011 as well as the average absolute change per hospital. We found
relatively little difference between 2009 and 2011 in average nurse staffing
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Table 1: Percentages and Standard Deviations of the HCAHPS Scores,
Organizational Characteristics, and Patient CaseMix Characteristics

Variables Mean SD

Nurse staffing: adjusted total number of nurses
per 1,000 inpatient days

4.5 1.4

Skill mix: % of nursing staff (LPN, RN, aides) that are RNs 74.1 12.4
HCAHPS top-box scores*,†

Nurses always communicated well 71.1 6.6
Patients always received help as soon as they wanted 57.3 8.7
Pain was always well controlled 66.2 6.0
Staff always explained (medications) 56.7 6.5
Yes, staff did give patients this (discharge) information 79.7 5.1
Patients who gave a rating of 9 or 10 for
overall hospital rating

63.8 9.7

Yes, patients would definitely recommend the hospital 67.1 11.0
Percent

Organizational characteristics
Size (number of beds)‡

Small 21.4
Medium 33.7
Large 44.9

Ownership status
Not-for-profit 62.0
For-profit 21.7
Public 16.3

Urban/nonurban location
Urban 91.8
Nonurban 8.2

Patient case mix characteristics
Age distribution of discharges, years
18–34 20.7 10.0
35–44 10.5 3.1
45–54 13.7 4.1
55–64 15.1 3.5
65–74 14.8 3.9
75+ 25.1 10.0

Female sex 60.6 7.2
Primary payer
Private 26.3 13.5
Medicare 42.6 12.7
Medicaid 20.9 14.0
Other 10.1 7.9

Hospital admissions originating in the
emergency department

58.6 19.1

Continued
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(4.44 and 4.53 nurses per 1,000 inpatient days, respectively) and skill mix
(73.1 and 74.50 for RNs as a percent of all staff). However, the average, abso-
lute within-hospital change was 0.46 nurses per 1,000 inpatient days and 3.09

Table 1 Continued

Variables Mean SD

Patient zipcode income quartile
Quartile 1 18.3 23.0
Quartile 2 20.0 19.1
Quartile 3 30.0 21.4
Quartile 4 31.7 27.9

Patient race/ethnicity status
Black 11.0 14.9
Hispanic 22.0 20.0

Comorbidities§

Rheumatoid arthritis/collagen vascular diseases 2.2 0.8
Congestive heart failure 7.8 3.1
Hypertension (combine uncomplicated and complicated) 45.2 9.2
Hypothyroidism 10.1 3.2
Liver disease 3.3 1.5
Fluid and electrolyte disorders 22.0 8.5
Metastatic cancer 1.8 0.9
Other neurological disorders 7.3 2.8
Paralysis 2.6 1.3
Peripheral vascular disorders 4.7 2.2
Renal failure 10.7 4.5
Solid tumor without metastasis 1.7 0.7
Valvular disease 3.4 2.1
Acquired immune deficiency syndrome/lymphoma/
peptic ulcer disease excluding bleeding

0.9 0.6

Deficiency anemias/chronic blood loss anemia/coagulopathy 22.9 7.1
Chronic pulmonary disease/pulmonary circulation disorders 17.8 5.4
Diabetes, uncomplicated/diabetes with chronic complications 21.9 5.6
Alcohol abuse/drug abuse 8.5 5.7
Obesity/weight loss 14.8 6.8
Depression/psychoses 12.8 4.9

*Top-box scores are adjusted scores calculated using a CMS methodology; the scores reflect the
percentage of patients who scored each HCAHPS measurement with the most positive response
category (Centers forMedicare &Medicaid Services 2014a).
†Percentages are specific to each item and therefore total more than 100%.
‡Size categories (number of beds) are assigned to hospitals on the basis of the hospitals’ region,
urban/rural location and teaching status. More information is available at https://www.hcup-
us.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp.
§The comorbidities used in this study are those contained in Agency for Healthcare Research and
Quality (AHRQ) comorbidity software (Healthcare Cost and Utilization Project 2013).
HCAHPS, Hospital Consumer Assessment of Healthcare Providers and Systems; LPN, licensed
practical nurse; RN, registered nurse.
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percent for the proportion of all staff who were nurses. The average absolute
within-hospital change in the HCAHPS measures ranged from 3.32 to 4.34
points.

Table 2: Mean Scores and Standard Errors in Nurse Staffing and HCAHPS
Scores in 2009 and 2011 and Average Change across These Years

Measures

2009 2011

Average Absolute
Change per
Hospital

Mean SD Mean SD Mean SE

Nurse staffing
Nurse staffing: adjusted
total number of nurses
per 1,000 inpatient days

4.44 1.50 4.53 1.32 0.46 0.49

Skill mix: % of nursing
staff (LPN, RN, aides)
that are RNs

73.31 13.15 74.50 12.36 3.09 3.47

HCAHPS scores (top-box)*

Communication with
nurses: nurses always
communicated well

69.80 7.02 72.17 6.16 3.42 3.01

Responsiveness of
hospital staff: patients
always received help as
soon as they wanted

56.25 9.16 58.54 8.50 4.23 3.72

Pain management: pain
was always well
controlled

65.40 6.60 66.86 5.77 3.41 3.57

Communication about
medications: staff always
explained

55.40 6.95 58.05 6.11 4.30 4.35

Discharge information:
yes, staff did give
patients this information

78.28 5.89 81.12 4.18 3.32 3.42

Overall hospital rating:
patients who gave a
rating of 9 or 10 (high)

62.29 10.45 65.22 9.10 4.34 3.93

Recommend hospital:
yes, patients would
definitely recommend
the hospital

66.08 11.69 67.87 10.41 3.99 3.88

*Top-box scores are adjusted scores calculated using a CMS methodology; the scores reflect the
percentage of patients who scored each HCAHPS measurement with the most positive response
category (Centers forMedicare &Medicaid Services 2014a).
HCAHPS, Hospital Consumer Assessment of Healthcare Providers and Systems; LPN, licensed
practical nurse; RN, registered nurse; SD, standard deviation; SE, standard error.
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The results of the regression analyses for the seven HCAHPS measures
are shown in Table 3.We present two sets of results for the effect of nurse staff-
ing levels and skill mix on each HCAHPS measure; the first set of results rep-
resents pooled cross-sectional regression models that included only the
covariates, and the second set represents the longitudinal regression models
that included hospital fixed effects.

In the pooled cross-sectional models that included only the covariates,
nurse staffing levels were significantly associated with each of the HCAHPS
measures. For example, a difference of one licensed nurse per 1,000 inpatient
days was associated with a 0.842 percentage point difference in HCAHPS
scores for the “responsiveness of hospital staff” measure. Skill mix was nega-
tively significantly associated with the “communication about medications”
(b = 0.061).

In the models that included hospital fixed effects (i.e., longitudinal),
many of these relationships were no longer statistically significant. Nurse staff-
ing levels were significantly associated with the “communications about medi-
cations” measure (b = 0.721), “discharge information” measure (b = 0.734),

Table 3: Associations between Nurse Staffing and Skill Mix and Hospital
Consumer Assessment of Health Care Providers and Systems Measures in
Pooled Cross-Sectional and Longitudinal RegressionModels

Variable

Cross-Sectional Longitudinal

Staffing Level ¶ Skill Mix† Staffing Level ¶ Skill Mix†

b SE b SE b SE b SE

Communication
with nurses

.541*** .168 �.030 .021 .457 .327 �.03 .029

Responsiveness of
hospital staff

.842*** .244 �.041 .031 .461 .472 �.074 .042

Painmanagement .439*** .157 �.019 .02 �.031 .345 �.065 .04
Communication
about medicines

.559*** .180 �.061* .025 .721* .364 �.016 .039

Discharge information .378* .147 �.01 .018 .734*** .264 �.009 .026
Overall hospital rating .555* .218 �.014 .03 .646 .34 �.012 .045
Recommend hospital .641*** .223 .019 .032 1.169*** .355 �.024 .055

¶Nurse staffing level was based on the adjusted total number of nurses per 1,000 inpatient days.
†Skill mix was based on the percentage of all staff (RN, LPN, and aides) that are RNs.
*.01 ≤ p < .05.
**.001 ≤ p < .01.
***p < .001.
b, Beta coefficient; SE, standard error.

An Examination of Hospital Nurse Staffing and Patient Experience with Care 2233



and the “recommend hospital” measure (b = 1.169). Skill mix was not associ-
ated with any of the measures.

We found that all of our estimates were robust to different specifications.
However, we also found substantial differences across states, with the results
for California being much smaller than those for Nevada andMaryland.

DISCUSSION

This study examines the effect of nurse staffing levels and skill mix on patient-
reported experience. We found that staffing levels were positively associated
with improvements in all of the HCAHPS scores in our pooled cross-sectional
analyses. These results suggest that in a cross-sectional design, hospitals with
higher nurse staffing levels appear to achieve higher scores in all key domains
of patient experience as measured by the HCAPHS. However, in hospital
fixed effect longitudinal analyses that control for unobserved time-invariant
differences in hospital characteristics, many of these associations were no
longer statistically significant. Nurse staffing levels remained positively and
significantly associated only with the discharge information, communication
about medications, and recommend hospital measures.

Our findings largely confirm previous cross-sectional analyses that iden-
tified a statistically significant association between nurse staffing and
HCAHPS scores. Specifically, Jha et al. (2008) found that hospitals in the
highest quartile of nurse staffing ratios had significantly better patient experi-
ence on all seven HCAHPS measures, with the differences ranging from 0.9
to 4.2 percentage points. However, we found that many of our cross-sectional
relationships were no longer statistically significant in the fixed effect models.
This change in statistical significance likely can be explained by two mecha-
nisms that are specific to the longitudinal fixed effect models.

First, these longitudinal models only use variation within individual hos-
pitals across years to estimate effects. Using such an approach leads to larger
standard errors than those obtained from pooled cross-sectional models, espe-
cially if the within-hospital variation over time is relatively small. Inflation of
the standard errors may lead to the elimination of statistical significance. For
one of the measures (overall hospital rating), the coefficient increased but the
standard errors also increased substantially. For another, the coefficient
decreased slightly but the standard error nearly doubled (communication with
nurses). These findings suggest that inflation of the standard errors likely
contributed to the elimination of statistical significance in these two cases.
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The second potential mechanism for explaining the difference in statisti-
cal significance between the pooled cross-sectional and longitudinal models
involves the correction of bias based on the addition of the hospital fixed
effect. The fixed effect estimator may account for bias caused by unobserved
hospital characteristics that were not accounted for in the cross-sectional mod-
els. In this case, adding the fixed effect would lead to a change in the coeffi-
cients. Although it is possible for bias correction to lead to an increase in the
coefficients, in this case, the bias correction that would lead to loss of statistical
significance is through smaller coefficients as all of the coefficients in the cross-
sectional model are greater than zero. For two measures (“responsiveness of
staff” and “pain management”), the introduction of the hospital fixed effect led
to moderate to large reductions in the coefficients. This finding suggests that
the fixed effect addressed upward bias in the coefficient caused by unobserv-
able hospital characteristics. The reduction in the coefficients likely con-
tributed to elimination of statistical significance, although standard errors also
increased. Therefore, we cannot exclusively attribute loss of statistical signifi-
cance to bias correction alone.

To the extent that bias correction led to loss of statistical significance, we
suspect that one key unobserved variable may be the nursing work environ-
ment. Our results are very similar to those found by Kutney-Lee et al. (2009)
that demonstrated a correlation between nurse staffing and improvements in
the recommend hospital and the provision of discharge information measures.
These referenced analyses were cross-sectional, but they included key covari-
ates for nursing work environment—a measure of nursing leadership capacity,
nurse’s participation in hospital affairs, and nurse–physician relationships.
This result suggests that nursing work environment may be an important
unobserved and largely time-invariant hospital characteristic that is correlated
with nurse staffing and may be driving observed cross-sectional associations
between nurse staffing andHCAHPS scores.

Our finding that nurse staffing levels are positively associated with
patients’ experiences with the discharge information measure is of particular
interest. As hospitals are being held increasingly accountable for readmission
rates, the effective transition of patients from hospital to home or other settings
is growing in importance. Nursing discharge education will become a progres-
sively more important part of that transition. Our study demonstrates that
when a hospital has more nursing staff, nurses are able to spend more time
providing discharge education, which is a vitally important nursing function.
Educating patients and families (i.e., providing discharge instructions) is a fre-
quently omitted nursing care activity—an omission that would increase when
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staffing levels are low (Ausserhofer et al. 2014). These findings are consistent
with prior literature finding a positive correlation between inpatient nurse
staffing and readmissions (Weiss, Yakusheva, and Bobay 2011; McHugh,
Berez, and Small 2013; McHugh and Ma 2013; Ma, McHugh, and Aiken
2015).

It is important to note that the effects we identified were relatively small.
An increase in nurse staffing of one nurse per 1,000 inpatient days (roughly
equivalent to the mean absolute change in staffing levels) would lead to 0.721
percentage point increase in HCAHPS scores related to the delivery of dis-
charge information and 1.169 percentage point increase for recommendation
of the hospital. In addition to the methodological considerations discussed
above, these modest results may be driven by the fact that patient experience
may be influenced less by overall staffing levels and more by the qualities of
the nursing staff such as educational levels and interpersonal skills (Lang et al.
2004), neither of which we were able to measure.

Our study has a number of limitations. First, although the sample
includes multiple states, 80 percent of the observations are from California.
The observed results are largely being driven by observations from that state,
which may have particular implications for the nurse skill mix variable. In
2004, the state of California implemented legislation for the minimum nurse-
to-patient staffing requirements (California HealthCare Foundation 2009).
However, we found that California’s staffing levels and within-hospital change
in staffing were similar to the other states in our sample. Second, our results
are based on hospital-level analyses. Therefore, we are unable to tie the nurse
staffing levels directly to the outcomes of any individual patient. Previous
studies have attempted to link nurse staffing more closely to patient-level
experience by using unit-level staffing and patient perception measures
(Seago,Williamson, and Atwood 2006; Ausserhofer et al. 2013). No studies to
date, however, have attempted to investigate patient-level care experience
outcomes in relation to nursing staffing levels and skill mix. Recently, studies
emerged linking other patient-level outcomes (e.g., readmissions and length
of stay) to patient-level nurse staffing or other characteristics of nurses (e.g.,
educational levels) (Yakusheva, Lindrooth, and Weiss 2014a,b). Extending
these patient-level analyses to patient experience would require significant pri-
mary data collection efforts, although such work would be a valuable contri-
bution to the literature. Third, our fixed effect model was unable to control for
any unobservable time-varying hospital characteristics that might be corre-
lated with both temporal changes in patient experience and nurse staffing.
We controlled for a large number of observable time-varying case mix

2236 HSR: Health Services Research 51:6, Part I (December 2016)



characteristics, but we were unable to control for other potentially important
unobserved hospital characteristics that might have changed over time, such
as magnet status.

In summary, our study shows that nurse staffing levels are significantly
associated with scores on a number of HCAHPS measures. However, given
the relatively small effect sizes, hospitals may need to increase their nurse staff-
ing substantially to achieve meaningful improvements on patient experience
scores. As hospitals are increasingly subject to pay-for-performance and pub-
lic reporting of patient experience scores, understanding the determinants of
improvements in patient experience can assist policy makers with evaluating
current measures and help hospitals improve their care.

ACKNOWLEDGMENTS

Joint Acknowledgment/Disclosure Statement: This study was funded by the
Agency for Healthcare Research and Quality through intramural research.
The views expressed herein are those of the authors. No official endorsement
by any agency of the federal or state governments, RAND Corporation, or
Truven Health Analytics, is intended or should be inferred. The authors have
no conflicts of interest to report.

Disclosures: None.
Disclaimers: None.

REFERENCES

American Hospital Association Health Forum. 2014. “AHA Annual Survey Database
Fiscal Year 2012” [accessed on July 15, 2014]. Available at http://www.aha-
dataviewer.com/book-cd-products/AHA-Survey/

Ausserhofer, D., M. Schubert, M. Desmedt, M. A. Blegen, S. De Geest, and R. Sch-
wendimann. 2013. “The Association of Patient Safety Climate and Nurse-related
Organizational Factors with Selected Patient Outcomes: A Cross-sectional
Survey.” International Journal of Nursing Studies 50 (2): 240–52.

Ausserhofer, D., B. Zander, R. Busse, M. Schubert, S. De Geest, A. M. Rafferty, J. Ball,
A. Scott, J. Kinnunen, M. Heinen, I. S. Sjetne, T. Moreno-Casbas, M. K�ozka, R.
Lindqvist, M. Diomidous, L. Bruyneel, W. Sermeus, L. H. Aiken, and R. Sch-
wendimann. 2014. “Prevalence, Patterns and Predictors of Nursing Care Left
Undone in European Hospitals: Results from the Multicountry Cross-Sectional
RN4CAST Study.” BMJ Quality and Safety 23 (2): 126–35.

An Examination of Hospital Nurse Staffing and Patient Experience with Care 2237

http://www.ahadataviewer.com/book-cd-products/AHA-Survey/
http://www.ahadataviewer.com/book-cd-products/AHA-Survey/


Bittner, N. P., G. Gravlin, R. Hansten, and B. J. Kalisch. 2011. “Unraveling Care
Omissions.” Journal of Nursing Administration 41 (12): 510–2.

Bolton, L. B., C. E. Aydin, N. Donaldson, D. S. Brown, M. S. Nelson, and D. Harms.
2003. “Nurse Staffing and Patient Perceptions of Nursing Care.” Journal of
Nursing Administration 33 (11): 607–14.

California HealthCare Foundation. 2009. “Assessing the Impact of California’s Nurse
Staffing Ratios on Hospitals and Patient Care” [accessed on July 15, 2014].
Available at http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/
PDF/PDF%20A/PDF%20AssessingCANurseStaffingRatios.pdf

Centers for Medicare & Medicaid Services. 2013. “Hospital Compare” [accessed on
January 10, 2014]. Available at http://www.cms.gov/Medicare/Quality-Initia-
tives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare.
html

Centers for Medicare & Medicaid Services. 2014a. “CAHPS Hospital Survey”
[accessed on July 14, 2014]. Available at http://www.hcahpsonline.org

Centers for Medicare & Medicaid Services. 2014b. “Hospital Compare” [accessed on
July 15, 2014]. Available at www.hospitalcompare.hhs.gov

Centers for Medicare & Medicaid Services. 2014c. “Data.Medicare.gov” [accessed on
June 23, 2014]. Available at https://data.medicare.gov

Chatterjee, P., K. E. Joynt, E. J. Orav, and A. K. Jha. 2012. “Patient Experience in
Safety-Net Hospitals: Implications for Improving Care and Value-Based Pur-
chasing.” Archives of Internal Medicine 172 (16): 1204–10.

Clark, P. A., K. Leddy, M. Drain, and D. Kaldenberg. 2007. “State Nursing Shortages
and Patient Satisfaction: More RNs—Better Patient Experiences.” Journal of
Nursing Care Quality 22 (2): 119–27.

Elliott, M. N., D. E. Kanouse, C. A. Edwards, and L. H. Hilborne. 2009. “Components
of Care Vary in Importance for Overall Patient-Reported Experience by Type of
Hospitalization.”Medical Care 47 (8): 842–9.

Elliott, M. N., W. G. Lehrman, E. Goldstein, K. Hambarsoomian, M. K. Beck-
ett, and L. A. Giordano. 2010. “Do Hospitals Rank Differently on
HCAHPS for Different Patient Subgroups?” Medical Care Research and
Review 67 (1): 56–73.

Giordano, L. A., M. N. Elliott, E. Goldstein, W. G. Lehrman, and P. A. Spencer. 2010.
“Development, Implementation, and Public Reporting of the HCAHPS
Survey.”Medical Care Research and Review 67 (1): 27–37.

Goldstein, E., M. N. Elliott, W. G. Lehrman, K. Hambarsoomian, and L. A.
Giordano. 2010. “Racial/Ethnic Differences in Patients’ Perceptions of
Inpatient Care Using the HCAHPS Survey.” Medical Care Research and
Review 67 (1): 74–92.

Hall, L. M., D. Doran, G. R. Baker, G. H. Pink, S. Sidani, L. O’Brien-Pallas, and
G. J. Donner. 2003. “Nurse Staffing Models as Predictors of Patient Outcomes.”
Medical Care 41 (9): 1096–109.

Harless, D. W., and B. A. Mark. 2010. “Nurse Staffing and Quality of Care with Direct
Measurement of Inpatient Staffing.”Medical Care 48 (7): 659–63.

2238 HSR: Health Services Research 51:6, Part I (December 2016)

http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/PDF%20A/PDF%20AssessingCANurseStaffingRatios.pdf
http://www.chcf.org/~/media/MEDIA%20LIBRARY%20Files/PDF/PDF%20A/PDF%20AssessingCANurseStaffingRatios.pdf
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare.html
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare.html
http://www.cms.gov/Medicare/Quality-Initiatives-Patient-Assessment-Instruments/HospitalQualityInits/HospitalCompare.html
http://www.hcahpsonline.org
http://www.hospitalcompare.hhs.gov
https://data.medicare.gov


Healthcare Cost and Utilization Project. 2008. “Hospital Bedsize” [accessed on Octo-
ber 18, 2013]. Available at https://www.hcup-us.ahrq.gov/db/vars/hosp_bed-
size/nisnote.jsp

Healthcare Cost and Utilization Project. 2013. “Comorbidity Software. Version 3.7”
[accessed on October 18, 2013]. Available at http://www.hcup-us.ahrq.gov/
toolssoftware/comorbidity/comorbidity.jsp

Isaac, T., A. M. Zaslavsky, P. D. Cleary, and B. E. Landon. 2010. “The Relationship
Between Patients’ Perception of Care and Measures of Hospital Quality and
Safety.”Health Services Research 45 (4): 1024–40.

Jha, A. K., E. J. Orav, J. Zheng, and A. M. Epstein. 2008. “Patients’ Perception of
Hospital Care in the United States.” New England Journal of Medicine 359 (18):
1921–31.

Kalisch, B. J. 2006. “Missed Nursing Care: A Qualitative Study.” Journal of Nursing Care
Quality 21 (4): 306–13; quiz 314–305.

Kalisch, B. J., G. L. Landstrom, and A. S. Hinshaw. 2009. “Missed Nursing Care: A
Concept Analysis.” Journal of Advanced Nursing 65 (7): 1509–17.

Kalisch, B. J., M. McLaughlin, and B. W. Dabney. 2012. “Patient Perceptions of Missed
Nursing Care.” Joint Commission Journal on Quality and Patient Safety/Joint Commis-
sion Resources 38 (4): 161–7.

Kalisch, B. J., D. Tschannen, and K. H. Lee. 2011. “Do Staffing Levels Predict Missed
Nursing Care?” International Journal for Quality in Health Care 23 (3): 302–8.

———————. 2012. “Missed Nursing Care, Staffing, and Patient Falls.” Journal of Nursing Care
Quality 27 (1): 6–12.

Kang, R., and R. Hasnain-Wynia. 2013. “Hospital Commitment to Community Orien-
tation and Its Association with Quality of Care and Patient Experience.” Journal
of Healthcare Management/American College of Healthcare Executives 58 (4): 277–88.

Kutney-Lee, A., M. D. McHugh, D. M. Sloane, J. P. Cimiotti, L. Flynn, D. Felber Neff,
and L. H. Aiken. 2009. “Nursing: A Key to Patient Satisfaction.”Health Affairs 28
(4): w669–77.

Lang, T. A., M. Hodge, V. Olson, P. S. Romano, and R. L. Kravitz. 2004. “Nurse-
Patient Ratios: A Systematic Review on the Effects of Nurse Staffing on Patient,
Nurse Employee, and Hospital Outcomes.” Journal of Nursing Administration 34
(7–8): 326–37.

Larrabee, J. H., C. L. Ostrow, M. L. Withrow, M. A. Janney, G. R. Hobbs, and C. Bur-
ant. 2004. “Predictors of Patient Satisfaction with Inpatient Hospital Nursing
Care.” Research in Nursing and Health 27 (4): 254–68.

Ma, C., M. D.McHugh, and L. H. Aiken. 2015. “Organization of Hospital Nursing and
30-Day Readmissions in Medicare Patients Undergoing Surgery.” Medical Care
53 (1): 65–70.

Manary, M., R. Staelin, K. Kosel, K. A. Schulman, and S.W. Glickman. 2015. “Organi-
zational Characteristics and Patient Experiences with Hospital Care: A Survey
Study of Hospital Chief Patient Experience Officers.” American Journal of Medical
Quality 30 (5): 432–40.

Mark, B. A., and D. W. Harless. 2011. “Adjusting for Patient Acuity in Measurement of
Nurse Staffing: Two Approaches.”Nursing Research 60 (2): 107–14.

An Examination of Hospital Nurse Staffing and Patient Experience with Care 2239

https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp
https://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/nisnote.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp


Mark, B. A., D. W. Harless, and M. McCue. 2005. “The Impact of HMO Penetration
on the Relationship between Nurse Staffing and Quality.” Health Economics 14
(7): 737–53.

Mark, B. A., D. W. Harless, J. Spetz, K. L. Reiter, and G. H. Pink. 2013. “California’s
Minimum Nurse Staffing Legislation: Results from A Natural Experiment.”
Health Services Research 48 (2 Pt 1): 435–54.

Martsolf, G. R., D. A. Auerbach, R. Benevent, C. Stocks, J. Jiang, M. Pearson,
E. Ehrlich, and T. Gibson. 2014. “Examining the Value of Inpatient Nurse
Staffing: An Assessment of Quality and Patient Care Costs.”Medical Care 52 (11):
982–8.

McHugh, M. D., J. Berez, and D. S. Small. 2013. “Hospitals with Higher Nurse Staffing
Had Lower Odds of Readmissions Penalties Than Hospitals with Lower Staff-
ing.”Health Affairs 32 (10): 1740–7.

McHugh, M. D., and C. Ma. 2013. “Hospital Nursing and 30-Day Readmissions
among Medicare Patients with Heart Failure, Acute Myocardial Infarction, and
Pneumonia.”Medical Care 51 (1): 52–9.

Newhouse, R. P., M. Johantgen, P. J. Pronovist, and E. Johnson. 2010. “Perioperative
Nurses and Patient Outcomes: Mortality, Complications, and Length of Stay.”
Journal of Nursing Administration 40 (10 Suppl): S54–67.

Schubert, M., T. R. Glass, S. P. Clarke, L. H. Aiken, B. Schaffert-Witvliet, D. M. Sloane,
and S. De Geest. 2008. “Rationing of Nursing Care and Its Relationship to
Patient Outcomes: The Swiss Extension of the International Hospital Outcomes
Study.” International Journal for Quality in Health Care 20 (4): 227–37.

Seago, J. A., A. Williamson, and C. Atwood. 2006. “Longitudinal Analyses of Nurse
Staffing and Patient Outcomes: More about Failure to Rescue.” Journal of Nursing
Administration 36 (1): 13–21.

Siddiqui, Z. K., A. W. Wu, N. Kurbanova, and R. Qayyum. 2014. “Comparison of Hos-
pital Consumer Assessment of Healthcare Providers and Systems Patient Satisfac-
tion Scores for Specialty Hospitals and General Medical Hospitals: Confounding
Effect of Survey Response Rate.” Journal of Hospital Medicine 9 (9): 590–3.

Spetz, J., N. Donaldson, C. Aydin, and D. S. Brown. 2008. “How Many Nurses per
Patient? Measurements of Nurse Staffing in Health Services Research.” Health
Services Research 43 (5 Pt 1): 1674–92.

Spetz, J., D. W. Harless, C. N. Herrera, and B. A. Mark. 2013. “Using Minimum Nurse
Staffing Regulations to Measure the Relationship between Nursing and Hospital
Quality of Care.”Medical Care Research and Review 70 (4): 380–99.

United States Department of Veterans Affairs. 2013. “MS-Diagnosis-Related Group
(MS-DRG) Weights (2008-2013)” [accessed on August 27, 2013]. Available at
http://www.herc.research.va.gov/resources/faq_f03.asp

Weiss, M. E., O. Yakusheva, and K. L. Bobay. 2011. “Quality and Cost Analysis of
Nurse Staffing, Discharge Preparation, and Postdischarge Utilization.” Health
Services Research 46 (5): 1473–94.

Wolosin, R., L. Ayala, and B. R. Fulton. 2012. “Nursing Care, Inpatient Satisfaction,
and Value-Based Purchasing: Vital Connections.” Journal of Nursing Administra-
tion 42 (6): 321–5.

2240 HSR: Health Services Research 51:6, Part I (December 2016)

http://www.herc.research.va.gov/resources/faq_f03.asp


Wooldridge, J. M. 2012. Introductory Econometrics: A Modern Approach. Boston, MA:
Cengage Learning.

Yakusheva, O., R. Lindrooth, and M. Weiss. 2014a. “Economic Evaluation of the 80%
Baccalaureate Nurse Workforce Recommendation: A Patient-Level Analysis.”
Medical Care 52 (10): 864–9.

———————. 2014b. “Nurse Value-Added and Patient Outcomes in Acute Care.” Health Ser-
vices Research 49 (6): 1767–86.

SUPPORTING INFORMATION

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

Appendix SA1: AuthorMatrix.

An Examination of Hospital Nurse Staffing and Patient Experience with Care 2241


