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Introduction: The competent healing touch of a caregiver is a critical component to the care patients receive. The more skilled the
provider, the higher the likelihood outcomes will be delivered in a safe and effective manner. Unfortunately, in recent years, hospitals
in the United States have faced immense financial pressures that are threatening their economic sustainability and patients’ access to
care in the future. Through the recent COVID-19 pandemic, the cost of delivering healthcare has continued to escalate, while the
demand for patient care has exceeded many hospitals’ capacity. Most troubling is the impact that the pandemic has had on the
healthcare workforce, which has resulted in many hospitals struggling to fill vacancies at ever-increasing cost — all while under
immense pressure to deliver quality patient care. What remains uncertain is whether the increase in labor costs has been matched with
a commensurate rise in the quality of care or if quality has deteriorated as the labor force mix has changed to include more contract and
temporary staff. Thus, in the enclosed study, we sought to determine what association, if any, exists between hospitals’ cost of labor
and the quality of care delivered.

Methods and Models: Drawing from a representative national sample of nearly 3214 short-term acute care hospitals’ common
quality measures from the year 2021, we examined the labor cost—quality relationship via multivariate linear and logistic regression
and found there is a persistent negative association across all quality outcome variables studied.

Discussion: These findings lead us to believe simply paying more for hospital labor does not, by itself, ensure a positive patient
outcome. We contend cautious use of temporary staff, measured adoption of short-term financial incentives, and robust staff
development all should be considered as features of future workforce planning.

Keywords: hospital, labor costs, quality

Introduction

United States hospitals and health systems are facing unprecedented financial challenges. After incurring an expected
$54 billion in net income loss throughout the 2021 operational year, US hospitals are facing even more financial headwinds
in 2022. Despite the distribution of $176 billion in federal Coronavirus Aid, Relief, and Economic Security (CARES) Act
funding from 2020, hospitals are witnessing depressed revenues due to a decline in higher margin outpatient visits relative to
the pre-pandemic era and significantly increased operational expenses attributed to price inflation on drugs, purchased
services, equipment, and supplies.' This has led to serious financial concerns for many hospitals. Prior to 2020, approximately
one-quarter of hospitals in the United States reported negative operating margins, but by the beginning of 2021 and after nearly
a full year combatting COVID-19, more than one-half of hospitals reported negative margins.

The single most significant hospital expense is the cost of the healthcare workforce.> Employee wages and benefits
constitute the largest percentage of costs for acute care hospitals and clinical labor costs rose by almost 40% between 2019 and
early 2022 alone.” This phenomenon has been exacerbated over the past 2 years by the pressures of the COVID-19 pandemic.
A recent analysis indicates hospital staffing shortages encumbered hospitals by an additional $24 billion in 2021 and are
expected to rise to an added $86 billion by the end of 2022.* The reason for this dramatic increase is attributed to the use of
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overtime and agency staff to fill critically needed positions. These two options have long been noted as the most expensive
labor choices for hospitals — typically adding 50% or more to a typical employee’s hourly rate.” However, with the demands of
the pandemic, hospital leaders had little choice but to absorb additional employed labor costs and a meteoric rise in year-over-
year contract labor expenses.

The reasons behind this dramatic elevation in labor costs are numerous and chronic. The healthcare industry has
known for decades that a shortage was steadily growing due to an aging healthcare workforce, the educational barriers to
entry to the field, and the often-strenuous working conditions. As a result, the American Hospital Association (AHA)
notes that hospitals are contending with ongoing shortages of pharmacists, registered nurses, medical technicians, and
numerous other clinical roles, prompting many healthcare leaders to indicate staff shortages are the most significant issue
confronting US hospitals.*> The combined stressors of working more hours while under persistent danger of infection are
pushing many clinical staff to consider leaving the industry.” Current data reflect that turnover is reaching record highs in
critical areas like the emergency department, intensive care, and nursing. Since the start of the pandemic, the annual rate
of staff turnover in these departments rose from 18% to 30% — meaning one-third of all employees in these departments
are turning over each year.’®

All the above facts led us to begin to question how the quality of care delivered in the hospital setting is influenced
when so much more of an organization’s resources are dedicated to staffing costs. Although others have studied the
association between health organization financial performance and quality of care, what is less well understood is the
impact of increased labor costs and quality outcomes. There are two potential logical associations. On one hand, there is
the contention that if a hospital is paying for higher quality staff with more advanced skills and competencies relative to
its competitors, there might be a positive association with healthcare outcomes. However, if the added costs incurred by
the hospital are primarily dedicated to short-term labor support as contract staff and short-term employees are asked to fill
the gap to ensure continuity of patient care, the risk of errors, miscommunication, and erosion of highly reliable practices
are all in question. With this in mind, there may be a negative association between increased staffing costs and quality of
care. If this is the case, hospital leaders may, in fact, be exposing patients to increased risk of harm in their efforts to keep
hospitals open “by any means necessary” with temporary or short-term staff.

Literature
Quality
Quality as a construct can be difficult to define given no two patients, “payors”, or “providers” perspectives on the topic
are exactly alike. Even so, the Institute of Medicine (IOM) has defined quality as “the degree to which health services for
individuals and populations increase the likelihood of desired health outcomes and are consistent with current profes-
sional knowledge”.” McGlynn points to the IOM definition and suggests that quality performance occurs on a continuum,
theoretically ranging from unacceptable to excellent and quality may be evaluated from the perspective of individuals or
populations.® Consistent with this notion, Avedis Donabedian conceptualized that quality in healthcare is achieved in
a series of stages: structure, process, and outcome.” In his view, “structure” describes the context in which care is
delivered, including hospital buildings, staff, financing, and equipment; “process” encompasses the interactions among
patients and providers in the healthcare delivery exchange; and “outcomes” refer to the effects of healthcare on the health
status of patients and populations. Donabedian posits that positive health outcomes depend on the quality of healthcare
process, and quality of healthcare process depends on the quality of healthcare structure.” Although the Donabedian
model has been a salient feature in the healthcare management literature for well over 50 years, much remains unknown
regarding the evolving relationships among the model’s major components and how to positively influence each stage of
the health delivery continuum — evidenced by the persistent medical error rates that plague the industry.'®

Given the variety of stakeholder viewpoints, numerous measures and methods have been developed in recent years to
evaluate quality in the healthcare setting. The most direct and influential parties involved are the public and private
payers, which increasingly mandate measurement and reporting as part of pay-for-performance programs. The most
dominant of these payers is the Centers of Medicare and Medicaid Services (CMS), which requires the public reporting
of dozens of both inpatient quality reporting (IQR) and outpatient quality reporting (OQR) measures that encompass the
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clinical processes of care, infection, structural issues, safety, mortality, coordination of care, payment, and the patient
experience of care.'"'? Collection of these data allows patients and families the opportunity to review a specific
hospital’s quality performance vis-a-vis its peers. The Hospital Compare overall rating summarizes a variety of measures
across five areas of quality into a single star rating for each hospital. These areas include measures pertaining to (1)
mortality, (2) safety, (3) readmission, (4) patient experience, and (5) timely and effective care. The Hospital Compare
Overall Rating, generated from the Summary Score, is calculated using measures reported to CMS through the Hospital
Inpatient Quality Reporting (IQR) Program, Hospital Outpatient Quality Reporting (OQR) Program, Hospital
Readmission Reduction Program (HRRP), Hospital-Acquired Condition (HAC) Reduction Program, and Hospital Value-
Based Purchasing (VBP) Program.'?

An additional publicly facing quality reporting system is the HCAHPS (Hospital Consumer Assessment of Healthcare
Providers and Systems) summary star rating. The Centers for Medicare & Medicaid Services (CMS) and the Agency for
Healthcare Research and Quality (AHRQ) developed the Hospital Consumer Assessment of Healthcare Providers and
Systems (HCAHPS) Survey to provide standardized data collection that measures patients’ assessment of received
hospital care. The HCAHPS Survey is administered to a random sample of adult patients throughout the year between 48
hours and 6 weeks after their hospital discharge. Hospital-level results are publicly reported by CMS on the Hospital
Compare website 4 times per year.'*

Other quality measures now include those developed as an outcome of the passage of the Patient Protection and
Affordable Care Act (PPACA) in 2010."> One of these is the set of Value-Based Purchasing (VBP) measures that are
used to adjust a hospital’s payments based on its performance in four quality measurement domains to comprise its Total
Performance Score (TPS). The program rewards acute care hospitals with incentive payments based on the quality of
care they provide, rather than just the quantity of services they provide. Weighting, domains, and the measures vary
from year to year. In recent years, the four equally weighted domains include (1) clinical outcomes, (2) person and
community engagement, (3) safety, and (4) efficiency and cost reduction.'®

Labor Compensation

The study of labor as a component cost of healthcare delivery is a well-studied aspect of the health management literature
primarily due to the well-recognized demand for additional healthcare staffing and services in the United States as the
population ages. Although there is a need for all types of healthcare providers, nurses have been the primary focus for
many past researchers. The logic behind this centers on reports such as those issued by the US Bureau of Labor Statistics
which indicate more than 200,000 additional nurses are needed each year from 2021 to 2031 just to fill the vacancies
resulting from workers lost to different occupations or the decision to depart the labor force.'”'® These departures have
occurred in the past for a few reasons, including job-related stress, burnout, job dissatisfaction, managerial style and
supervisory problems, and an aging of the healthcare workforce.'>*° More recently, however, the closure of services and
furloughing of staff through the COVID-19 pandemic has exacerbated the issue, as many departed the industry for other
employment opportunities and never returned.”! More important for the scope of our research, nurse labor costs make up
over 30% of all hospital expenditures.** Unfortunately for hospital leaders, nurses are not the only type of care providers
who are in short supply. Similar shortages are reported in the primary care and specialty care physician workforce,
physical therapists, behavioral health, and many other roles.*-**

Although traditional economic theory predicts that an elevated local market wage rate should foster growth in the
supply of nurses entering the labor market, prior authors have shown that real wages earned by the nursing profession
have not appreciably increased above the median wage growth rate across nearly two decades.”>° This trend drama-
tically changed during the COVID-19 pandemic and created significant financial strain on hospital operating budgets as
nursing shortages worsened and patient demand skyrocketed. By the end of 2021, hospital labor expenses per patient
were 19.1% higher than pre-pandemic levels and increased to 57% higher per patient at the height of the omicron surge
in January 2022.°
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Labor Compensation and Quality of Care

Although the body of evidence supporting specific staffing types (eg, nursing staff mix, physician types, etc.) and their
connection with the healthcare outcomes has been robustly studied, the specific association between labor costs and
quality of care has not been well documented in the healthcare literature. This is surprising because labor has traditionally
been an important issue for hospitals and health systems given labor compensation is the single most significant
contributor to the cost structure of hospitals and health systems across the country.

Drawing from the previously mentioned work of Donabedian and his conceptualization of how quality is achieved in
healthcare, notably via a structure, process, and outcome continuum, we logically believe that with increased expenditure on
salaries, wages and benefits, there should be commensurate improvement in the process of care delivery, which should result in
an improvement of the organization’s quality outcomes.” However, the few prior studies available indicate there is no
connection between increased healthcare staffing costs and the quality of care provided.?’”® There are others that question
whether higher cost contract nursing and incentives such as increased pay, bonuses, and other extrinsic motivators are
supportive of higher quality outcomes, or may, in fact, decrease performance.”®™"

Another theoretical basis for our work can be drawn from the “Iron Triangle” model of healthcare first proposed by
William Kissick in his 1994 book Medicines Dilemmas: Infinite Needs Versus Finite Resources.>* His theoretical frame-
work conceptually explains the behavior of three aspects of healthcare: cost, quality, and access. Kissick’s theory indicates
these three components are three different legs of the same “three-legged stool” of healthcare delivery and are competing
aspects of the healthcare delivery process where an advantage in one leg results in a disadvantage in at least one other leg.
Thus, his theory is characterized as being rigid like iron. He asserts it is difficult, if not impossible, to simultaneously
achieve a low-cost, high-quality, unrestricted access healthcare system. This premise was subsequently confirmed in
a recent structural equation modeling study by Beauvais, Kruse, Fulton, Brooks and Mileski.?* In their work, the authors
empirically tested the cost—quality—access tradeoff and found that Kissick’s theory — as originally conceptualized — still
holds true. Thus, this leads us to believe that the labor cost—quality tradeoff in the current study is likely to be negatively
associated. We perceive that as more is spent on staffing costs, expenditure on other aspects of patient care may be
negatively impacted, leading to an overall negative impact on quality.

Lastly, an additional theoretically based association between labor compensation and performance in healthcare can be
found in the agency theory literature. Agency theory explains the relationship between the principal (the owner of an
organization) and the agent (the individual(s) that the principal hires to manage the organization on behalf of the principal).
An agency problem occurs when the principal and agent have conflicting agendas and goals, which may lead to poor
organizational performance. However, monitoring the actions of the agent can be challenging to the principal. Therefore, to
ensure that the agent embraces the principal’s agenda and pursues the principal’s goals, the principal provides some incentives
to the agent.>* This leads us to believe healthcare leaders will continually attempt to attract, retain, and motivate employees
(agents) to achieve leaders’ desired outcomes through incentives. Logically, if management goals and staff performance are
aligned — often via financial incentives — higher quality outcomes can be achieved.>*>® However, this may not hold true for
contract workers — an increasing proportion of hospital staff — who may have no long-term interest in their position, and
therefore, may be less willing to accept the interests of the principal — The hospital in this instance.

Research Question and Significance of the Current Study

This study is significant because, to our knowledge, this is the first study that directly and empirically answers the research
question “what is the relationship between hosptial labor costs and quality of care”? Given the amount of change and
disruption that has occurred in the United States healthcare industry in recent years and the tradeoffs mentioned in the
Kissick and Donabedian models, we hypothesize that healthcare labor costs and quality outcomes are negatively associated.

Methods
Data and Sample

Our primary data source is Definitive Healthcare, which provides comprehensive data extracted from publicly available
information, including from federal, state, and other regulatory agencies, in addition to licensed data from other companies,
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web research on publicly available information through technology as well as electronic and phone surveys conducted by their
research team based in the United States.?” Our final dataset consists of all active, short-term acute care hospitals in the United
States with an active Medicare Provider Number (MPN). Veterans Administration, Military Healthcare System, and Indian
Health System hospitals were excluded from the analysis as the outcome measures used in this study are not available for
federal government operated hospitals. This limitation reduced our original dataset to 3214 unique hospital observations and
the dataset was reduced further based on the number of institutions reporting data for each dependent variable. The total
number of observations available for each measure is detailed in the section below.

Dependent Variables

Given the variety of perspectives and robust number of quality measures available, three aggregate dependent variables
were used for this study. The first variable was the 2021 value-based purchasing Total Performance Score. Value-based
purchasing is a CMS program that adjusts a hospital’s payments based on its performance in four weighted quality
measurement domains to comprise its Total Performance Score. The domains include (1) clinical outcomes, (2) patient
and community engagement, (3) safety, and (4) efficiency and cost reduction.'® A total of 2471 observations for the
Hospital Value-Based Purchasing Total Performance Score from the year 2021 were available in the final analyzed
data set.

The second dependent variable included in the study is the Hospital Compare overall rating (HCR). The Hospital
Compare rating provides consumer-focused information on hospitals’ performance on numerous dimensions of quality,
such as treating heart attacks and pneumonia, readmission rates, and safety of care.'® For this study, 2592 observations
were collected from the year 2021 for analysis.

The third dependent variable includes the HCAHPS (Hospital Consumer Assessment of Healthcare Providers and
Systems) Summary Star Rating (SSR). The HCAHPS survey asks discharged patients numerous questions about their
experience with a hospital stay including questions pertaining to communication with nurses and doctors, the respon-
siveness of hospital staff, the cleanliness and quietness of the hospital environment, communication about medicines,
discharge information, overall rating of hospital, and would they recommend the hospital. The patient survey summary
star rating is the average of all the Star Ratings of the HCAHPS measures.'* Our final data set for analysis included 2624
observations from the year 2021 for the HCAHPS summary star rating.

Independent Variable

The independent variable of interest in this study is the “labor compensation ratio” (LCR) or the percent of net patient
revenue consumed by labor expense. We operationalized this variable by extracting measures from the Medicare Cost
Report (MCR) as shown in Equation I below:

(Total Salaries + Total Contract Labor Cost + Total Fringe Benefits)
Net Patient Revenue

Labor Cost Ratio = (1

The potential for reverse causality prompted us to utilize older (2019) labor compensation ratio data to allow for the
impact of hiring practices to be fully realized within the quality outcomes and score reports (data year 2021). The practice
of replacing an explanatory variable with its lagged value to counteract endogeneity is prevalent across a wide variety of

disciplines in economics and finance.*® !

Control Variables

We also included several organizational-level characteristics to control for confounding variance, including the bed
utilization rate, for-profit ownership status (dichotomous), government operated (dichotomous), average length of stay
(ALOS), the market concentration index (MCI), rural/urban (dichotomous), percent Medicare days, percent Medicaid
days, the case mix index (CMI), and the complications or major complications (CC & MCC) rate. We further controlled
for nuances in labor costs attributable to local labor market variations by pooling facilities by AHA regions. Region 1
was determined to be the referent group in our analysis, consisting of the states of Connecticut, Maine, Massachusetts,
New Hampshire, Rhode Island, and Vermont. All control variables were extracted from the year 2019.
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Missing Data

Independent variables were largely complete (1% missing total). Medians were imputed for the missing ordinal, interval,
and ratio values, while modes were imputed for the missing nominal values. The only remaining missing data belonged
to the dependent variables. Each dependent variable was analyzed separately, and missing cases of the dependent variable
were simply dropped. The final dataset was comprised of 2471 Total Performance Score, 2592 Hospital Compare rating,
and 2624 HCAHPS Star rating observations, respectively.

Analysis and Results

We conducted complete missing data analysis and provided descriptive statistics for the original data. We then re-coded
two of the dependent variables (HCR and HSR) as dichotomous, and transformed some of the independent variables to
be more analytically tractable using Box—Cox transformations.*

Descriptive Statistics, Re-Coding, and Plots

Table 1 reflects the complete list of variables and descriptive statistics. For the dependent variables, the average facility
score for TPS was 33.61 (sd=11.29). The median HCR and HSR ratings were both 3. The “typical” facility saw a mean
LCR of 0.44 (sd=0.14) and a mean bed utilization of 50% (sd=20%).

The HCR- and HSR-dependent variables were both collapsed into dichotomous variables with 0 representing scores/
stars less than or equal to three. This recode partially balanced the classes and was an indicator of average to below
average performance versus above average performance. After recoding the HCR variable, there were 1501 observations
(57.9%) of facilities with HCR rating 1-3 and 1091 with rating 4-5 (42.1%) for a total of 2592 observations. For the

Table | Descriptive Statistics

Variable N Mean SD Minimum Maximum
TPS 2471 33.611 11.288 6.000 92.667
HC Rating, 4-5 Rating* 2592 0.421 0.494 0.000 1.000
Star 4-5 Rating* 2624 0.265 0.441 0.000 1.000
Labor Cost Ratio 2900 0.436 0.138 0.011 0.982
Bed Uctilization 2900 0.499 0.201 0.001 0.999
Staffed Beds 2900 0.203 0.207 0.001 2.735
CC MCC Rate 2900 0.022 0.030 0.000 0.751
% Medicare Days 2900 0.128 0.062 0.000 0.637
% Medicaid Days 2900 0.039 0.048 0.000 0.669
Case Mix Index 2900 1.648 0.367 0816 5.268
ALOS 2900 4.394 3.375 1.000 144.379
MCI 2900 0.341 0314 0.025 1.000
For Profit* 2900 1.241 0.428 1.000 2.000
Rural* 2900 1.104 0.305 1.000 2.000
Region I* 2900 0.040 0.196 0.000 1.000
Region 2* 2900 0.105 0.306 0.000 1.000
Region 3* 2900 0.078 0.268 0.000 1.000
Region 4* 2900 0.152 0.359 0.000 1.000
Region 5* 2900 0.149 0.356 0.000 1.000
Region 6* 2900 0.073 0.261 0.000 1.000
Region 7* 2900 0.121 0.327 0.000 1.000
Region 8%* 2900 0.066 0.248 0.000 1.000
Region 9* 2900 0.104 0.306 0.000 1.000
Region Unreported* 2900 0.112 0316 0.000 1.000
*Dichotomous (Bernoulli)

Abbreviations: TPS, Total Performance Score; HC Rating, Hospital Compare Rating; CC MCC Rate, complication/major complication
rate; ALOS, average length of stay; MCI, market concentration index.
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Figure | Dependent variable distributions.

HSR variable, there were 1929 with 1-3 stars (73.5%) and 695 with 4-5 stars (26.5%) for a total of 2624 observations.
Figure 1 provides the distributions of the dependent variables.

For the independent and control variables, the mean LCR was 44% (sd=0.14). The average facility had a bed
utilization of 49.9% (sd=20.1%) and 203 staffed beds (sd=207). The mean CC MCC rate was 2.2% (sd=3.0%). The
average percent of Medicare days for facilities was 12.8% (sd=6.2%), while the average percent of Medicaid days was
3.9% (sd=4.8%). The average organization had a CMI of 1.648 (sd=0.367), an ALOS of 4.394 (sd=3.375), and an MCI
of 0.341 (sd=0.314). Figure 2 provides the distributions of the categorical independent variables, while Figure 3 shows
the bivariate pairs plots for the quantitative independent variables. The pairs plot provides the histograms on the diagonal,
the correlations and the smoothed curve fit estimates on the upper triangle, and the bivariate boxplots on the lower
diagonal. The maximum absolute value of the correlation (bed utilization and staffed beds) was 0.533.

About 75.9% of the facilities were not-for-profit or government owned, while 90% were in urban settings. Region 4
was the modal region (15.2%). Chi-square tests of the two categorical dependent variables, HCR and separately HSR,
versus FP suggested distributional differences for HCR only, y? = 34.359, p<.001 Chi-square tests of HCR and HSR
versus the Rural control variable suggested distributional distributions for HSR only, y? = 21.616,p<.001. For Region
versus HCR and HSR, there were distributional distributions found for both variables, y? = 71.017,p<.001 and
23 = 118.54, p<.001, respectively.

Training and Test Set

After descriptive analysis and to investigate the external validity of our model estimates, we split the data into training
and test sets (80% and 20%, respectively.) Doing so allows estimation of the model performance on unseen data. The
training and test split occurred prior to any transformations of the predictor variables, so that statistics estimated from the
training set (if any) would not be leaked to the test set.

Transformations

The only quantitative dependent variable, TPS, was evaluated for normality based on the training data. Box—Cox
methods suggested a power transformation of 0.264. Raising the dependent variable to the 1/4 power, however, results
in a loss of interpretability. Although a logarithmic transformation was explored, TPS was left untransformed for

explainability without a general loss of models’ performances.
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Figure 2 Control variable distributions.
Abbreviation: FP, for profit.

The LCR variable appeared to be slightly right-skewed. The recommended power transformation based on the
training set (Box—Cox method) was 0.369. Since interpretation of a 1/3 power transformation is not necessarily intuitive
and transformation of predictors may improve model build but are not required to meet model assumptions, we left the
variable untransformed.

The Bed Utilization variable appeared Gaussian, and Box—Cox methods suggested a transformation of 0.986 (nearly
1.0). An additional likelihood ratio test (LRT) for Ho: user selected transformation (power = 1.0) versus Ha: Box—Cox
generated transformation (power = 0.986) failed to reject the null, LRT;=0.121, p=0.728.

The staffed beds variable appeared to be lognormal, although the optimal transformation calculated on the training set
and based on Box—Cox transformation was 0.12. For interpretability, an imperfect logarithmic transformation (LRT;
=44.556, p<0.001),which avoids using a power function generated only from the training set was applied to both the
training and test set.

The CC MCC variable was largely left-skewed. Although the optimal normality transformation for the training set
was 0.304, by Box—Cox methods, an imperfect logarithmic transformation (LRT;=4634.466, p<0.001) produced an
interpretable and more visually normal distribution, even better than a square root transformation.

The Medicare days variable was obviously right skewed. The Box—Cox recommended transformation for the training
set was raising to the 0.559 power, nearly a square root transformation. Thus, an imperfect square root transformation
(LRT,=5.578, p=0.012) was sufficient for both interpretability and conversion to normality, and this transformation
required no information from the training set.

The Medicaid days variable appeared roughly lognormal. While the optimal Box—Cox transformation power for the
training set was 0.196, an imperfect logarithmic transform (LRT;=5=231.300, p<0.001) provided a visually more normal
distribution while retaining interpretability.
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days %; MAidDays, Medicaid days %; CMI, case mix index; ALOS, average length of stay; MCI, market concentration index.

While the optimal transformation for the CMI variable was —0.213, an imperfect logarithmic transformation (LRT;=9.088,
p=0.003) provided a sufficiently normal and interpretable distribution by visual inspection. Similarly, an imperfect logarithmic
transformation for the “ALOS” variable (LRT;=32.990, p<0.001) also made this variable visually normal while interpretable.

Box—Cox transformation failed to produce a visually reasonable Gaussian distribution for MCI even when selecting
the optimal lambda. The distribution is close to bimodal at the ends. MCI was thus dichotomized at the median of the
training set based on its intractable, bi-modal distribution. This split is interpretable and proved useful in modeling. To
avoid leaking information from the training set to the test set, the median was calculated on the training set only. The
dichotomous split for “below or equal to median” and “above median” were then applied to the test set. Figure 4 provides
the pairs plots post-transformations.

Multiple Regression for Total Performance Score
Using multiple regression, we evaluated Total Performance Score as a function of all predictors. The initial regression
model was built on the training set, and forecasts from that model were used to assess performance out-of-sample on the
test set. The results of the statistically significant regression model (F39s, = 27.08,p<0.001) are shown in Table 2
(coefficient and analysis of variance tables). Only bed utilization and some of the regions were not statistically part of the
model at the 0=0.10 level. The R* was a modest 0.225 (adjusted R*=0.217), and the standard error was 10.01 TPS points.
LCR was negatively associated with TPS score (—5.23; p = 0.016), which we could interpret to mean for every 0.1
point increase in LCR, TPS was expected to fall by —0.523 points. The estimates from the training data were used to
estimate the dependent variable in the test set. The forecast were reasonable, accounting for R? = 0.1774 of the variance
(root mean squared error = 4.711 TPS points.) While imperfect, the forecasts demonstrate little loss of generality.
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Figure 4 Quantitative variable distributions post-transformations.
Abbreviations: LCR, labor compensation ratio; BedUtil, bed utilization; StaffedBeds, staffed beds; CC_MCC, complication/major complication rate; MCareDays, Medicare
days %; MAidDays, Medicaid days %; CMI, case mix index; ALOS, average length of stay.

Figure 5 shows the observed versus forecast fit along with the residuals and a Q-Q plot. No variance inflation factors
exceeded 4.2 (Region 4).

Logistic Regression for Hospital Compare Rating (4 or 5 =1)

For the Hospital Compare Rating, we fit all independent and control variables to the training set and evaluated accuracy
metrics on the test set using logistic regression. Only bed utilization and some regional variables were not statistically
significant at the a=0.10 level. Table 3 provides the complete results of the logistic regression (coefficient and deviance
table). In general, it was found that, holding all other factors constant and at the maximum Labor Cost Ratio, there is only
a 9.1% chance of attaining a 4 or 5 Hospital Compare rating (OR = 0.1007; p<0.001; 95% CI [0.039, 0.254]; percentage
calculated = 0.1007/1.1007). When using the training parameter estimates to forecast the test data, the results were
reasonable. The forecast was 66% accurate in classification with a sensitivity (recall) of 62% and a precision (positive
predictive value) of 54%. Specificity was 68%. The area under the curve was 64.37%. Classification metrics might have
been improved by adding interaction terms; however, this parsimonious model appears to have reasonable external

validity. Table 4 is the confusion matrix.

Logistic Regression for HCAHPS Star Rating (4 or 5=1)

For the HCAPHS Star Rating, we also built a logistic regression on the training set and evaluated accuracy metrics on the
test set. Only complications and MCI were not in the model at the a=0.10 level). In general, it was found that, holding all
other factors constant and at the maximum Labor Cost Ratio, there is only a 23.9% chance of attaining a 4 or 5 HCAHPS
Star Rating (OR = 0.315; p<0.035; 95% CI [0.107, 0.925]); percentage calculated = 0.315/1.315. Table 5 provides the
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Table 2 Multiple Regression, Total Performance Scores (Training Set)

Coefficient Table Analysis of Variance Table

Estimate SE t P df SS MSE F Statistic
Intercept 46.772 | 3.954 11.830 | <0.001 | Residuals 1952 | 195480 100.1 NA
Labor Compensation Ratio —5.225 | 2.158 —2.421 0.016 | Labor Compensation Ratio | 345 344.7 34
Bed Utilization 1.077 | 1.762 0.611 0.541 | Bed Utilization | 11758 | 11757.8 117.4
Staffed Beds —4.650 | 0.442 | —10.533 | <0.00| | Staffed Beds | 24729 | 24728.6 246.9
Complications 3.088 | 0.632 4.890 | <0.001 | Complications | 4109 4109.4 41.0
Medicare Days —7.501 | 3.124 —2.401 0.016 | Medicare Days | 497 496.9 5.0
Medicaid Days -0.817 | 0.243 —-3.366 0.001 | Medicaid Days | 1248 1248.1 12.5
Case Mix 8.175 | 2.050 3.988 | <0.001 | Case Mix | 2689 2688.9 26.9
Length of Stay —7.201 1.493 —4.823 | <0.001 | Length of Stay | 2418 2418.0 24.1
Market Concentration —0.763 | 0.470 —1.625 0.104 | Market Concentration [ 644 643.5 6.4
For Profit —-2.028 | 0.608 -3.338 0.001 | For Profit [ 1884 1884.3 18.8
Rural 2,684 | 0.867 3.096 0.002 | Rural [ 747 746.7 7.5
Region 2 (NJ, NY, PA) —-3.144 | 1.268 —2.480 0.013 | Region 2 | 220 2199 22
Region 3 (DE, KY, MD, NC, VA, WV, DC) -2.530 | 1.333 -1.898 0.058 | Region 3 | | 1.1 0.0
Region 4 (AL, FL, GA, MS, SC, TN) —4.494 | 1219 —3.687 | <0.001 | Region 4 | 2003 2002.6 20.0
Region 5 (IL, MI, IN, OH, WI) —2.637 | 1.241 -2.126 0.034 | Region 5 | 426 425.6 43
Region 6 (IA, KS, MN, MO, NE, ND, SD) 0.198 | 1.375 0.144 0.885 | Region 6 | 338 3382 34
Region 7 (AR, LA, OK, TX) -3.983 | 1.277 -3.119 0.002 | Region 7 | 2084 2084.3 20.8
Region 8 (AZ, CO, ID, MT, NM, UT, WY) -2.189 | 1.427 —-1.534 0.125 | Region 8 | 590 589.8 59
Region 9 (AK, CA, HI, NV, OR, WA) 0.261 1.271 0.205 0.837 | Region 9 | 5 4.6 0.0
Region Unreported 1230 | 1.676 0.734 0.463 | Region Unreported | 54 539 0.5

coefficient and deviance information. The forecast of the test set was 78% accurate with a sensitivity of 68% but a low

positive predictive value of 38% indicating over classification of the 4-5 Star factor level. Table 6 provides the

classification metrics and confusion matrix.

TPS~Predictions

o
=
=] o
w e mptagd % o o —
g g % 2 aiipm g e s N e N
o ]
- T T T T T T T
20 25 30 35 40 43 50
Predictions
Residuals
o
o
= -
[a)
5 o
3 &
- - I

0

-20

Residuals

20

Normal Q-Q Plot

40

Sample Quantiles
o 20
LLlrii

-30

Figure 5 Regression plots.

Theoretical Guartiles

Risk Management and Healthcare Policy 2023:16

https:

1085

Dove:


https://www.dovepress.com
https://www.dovepress.com

Beauvais et al Dove

Table 3 Logistic Regression, Hospital Compare Rating (Training Set)

Coefficient Table Analysis of Deviance

Estimate SE z P df | Deviance | Residual df | Residual Deviance
Intercept 4.781 | 0.892 5.360 | <0.001 | Null 2073.0 2819.2
Labor Compensation Ratio —2295 | 0473 | —4.854 | <0.00l | Labor Compensation Ratio | 42.807 2072.0 2776.4
Bed Utilization 0.429 | 0.383 1.119 0.263 | Bed Utilization | 8.841 2071.0 2767.5
Staffed Beds —0.411 | 0.096 | —4.288 | <0.00! | Staffed Beds | 38.039 2070.0 2729.5
Complications 0.689 | 0.139 4.956 | <0.001 Complications | 47.192 2069.0 2682.3
Medicare Days —0.304 | 0.679 | —0.448 0.654 | Medicare Days | 1.006 2068.0 2681.3
Medicaid Days -0.166 | 0.053 | -3.159 0.002 | Medicaid Days | 19.897 2067.0 2661.4
Case Mix 2456 | 0.458 5.368 | <0.001 | Case Mix | 35.702 2066.0 2625.7
Length of Stay —2230 | 0344 | —6.478 | <0.001 | Length of Stay | 54.668 2065.0 2571.0
Market Concentration —0.205 | o.l0l —2.024 0.043 | Market Concentration | 5.575 2064.0 2565.5
For Profit —0.875 | 0.136 | —6.424 | <0.00! | For Profit | 56.084 2063.0 2509.4
Rural 0411 | 0.182 2263 0.024 | Rural | 3.135 2062.0 2506.2
Region 2 (NJ, NY, PA) —0.833 | 0271 | —3.075 0.002 | Region 2 | 0.009 2061.0 2506.2
Region 3 (DE, KY, MD, NC, VA, WV, DC) —1.020 | 0.283 | —3.605 | <0.001 | Region 3 | 0.689 2060.0 2505.5
Region 4 (AL, FL, GA, MS, SC, TN) —1.314 | 0261 | —5.037 | <0.001 | Region 4 | 16.33 2059.0 2489.2
Region 5 (IL, MI, IN, OH, WI) -0.723 | 0.261 | —2.775 0.006 | Region 5 | 0.016 2058.0 2489.2
Region 6 (IA, KS, MN, MO, NE, ND, SD) —0.483 | 0.287 | —1.68l 0.093 | Region 6 | 29 2057.0 2486.3
Region 7 (AR, LA, OK, TX) —-0.953 | 0.270 | —3.526 | <0.001 | Region 7 | 1.549 2056.0 2484.8
Region 8 (AZ, CO, ID, MT, NM, UT, WY) -0.890 | 0.305 | —2.920 0.004 | Region 8 | 0.696 2055.0 2484.1
Region 9 (AK, CA, HI, NV, OR, WA) —0.874 | 0.268 | —3.256 0.001 | Region 9 | 3.784 2054.0 2480.3
Region Unreported —0.858 | 0.304 | —2.821I 0.005 | Region Unreported | 8.028 2053.0 24722

Table 4 Out-of-Sample Performance of Logistic Regression for Hospital
Compare Rating

1-3 Rating 4-5 Rating
Actual Actual

1-3 Rating Predicted 221 73 294
4-5 Rating Predicted 104 120 224

325 193 518
Accuracy 0.658 PPV 0.536
Sensitivity 0.622 NPV 0.752
Specificity 0.680

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

Congruence Analysis

Coefficients were largely directionally stable for the three quality metrics evaluated across models. For 15 of the 20 variables,
the coefficients were of the same direction across all models with 13 of the variables indicating a negative relationship with
the quality metrics and only 2 variables (CMI and Rural status) indicating a positive relationship. For the remaining five
variables, the p-values omitted them from one or more of the models. Table 7 provides the congruence matrix.

Discussion

Our study sought to understand the relationship between hospitals’ cost of labor and the quality of care delivered. As
previously discussed, based upon the tenets of Donabedian’s SPO model, Kissick’s Iron triangle framework, and agency
theory, we hypothesized that healthcare labor costs and quality outcomes are negatively associated. Our findings support
our hypothesis. Our results may appear surprising because higher salaries, wages, and benefits are often cited as
a primary motivator in the clinical setting and a central aspect of labor discussions.**** We also consider these results
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Table 5 Logistic Regression, HCAHPS Star Rating (Training Set)

Coefficient Table Analysis of Deviance

Estimate | SE z p df | Deviance | Residual df | Residual Deviance
Intercept -0.594 | 0.972 | —06l1 0.5411 | Null 2099.0 24214
Labor Compensation Ratio —1.153 | 0.549 | —2.102 0.0356 | Labor Compensation Ratio | 34.138 2098.0 2387.2
Bed Utilization —0917 | 0.450 | —2.037 0.042 | Bed Utilization | 112.105 2097.0 2275.1
Staffed Beds -0.984 | 0.108 | —9.073 | <2e-16 | Staffed Beds | 149.262 2096.0 21259
Complications 0.596 | 0.143 4.161 3E-05 | Complications | 54.186 2095.0 2071.7
Medicare Days —1.275 | 0.786 | —1.622 0.105 | Medicare Days | 3.465 2094.0 2068.2
Medicaid Days -0.218 | 0.059 | —3.695 0.000 | Medicaid Days | 20.296 2093.0 2047.9
Case Mix 3.908 | 0.482 8.112 5E-16 | Case Mix | 62719 2092.0 1985.2
Length of Stay —0.467 | 0.354 | —1.321 0.1866 | Length of Stay | 2.601 2091.0 1982.6
Market Concentration —0.033 | 0.120 | —0.273 0.785 | Market Concentration | 0.237 2090.0 1982.3
For Profit —0.969 | 0.175 | —5.548 3E-08 | For Profit [ 44217 2089.0 1938.1
Rural 0.958 | 0.198 4.838 0.000 | Rural | 21.194 2088.0 1916.9
Region 2 (NJ, NY, PA) —1.239 | 0322 | —3.846 0.000 | Region 2 | 4.117 2087.0 1912.8
Region 3 (DE, KY, MD, NC, VA, WY, DC) —-1.336 | 0.337 | —3.960 7E-05 | Region 3 | 5.703 2086.0 1907.1
Region 4 (AL, FL, GA, MS, SC, TN) —1.139 | 0302 | -3.778 0.0002 | Region 4 | 5.062 2085.0 1902.1
Region 5 (IL, MI, IN, OH, WI) —0.574 | 0.290 | —1.982 0.047 | Region 5 | 2.286 2084.0 1899.8
Region 6 (IA, KS, MN, MO, NE, ND, SD) -0.592 | 0316 | —1.873 0.061 | Region 6 | 2.064 2083.0 1897.7
Region 7 (AR, LA, OK, TX) -0.963 | 0310 | —3.104 0.0019 | Region 7 | 0.291 2082.0 1897.4
Region 8 (AZ, CO, ID, MT, NM, UT, WY) —0.979 | 0341 | -2.870 0.004 | Region 8 | 0.264 2081.0 1897.2
Region 9 (AK, CA, HI, NV, OR, WA) —1.284 | 0316 | —4.060 0.000 | Region 9 | 14.221 2080.0 1882.9
Region Unreported —0.580 | 0.347 | —1.671 0.095 | Region Unreported | 2.778 2079.0 1880.2

Table 6 Out-of-Sample Performance of Logistic Regression for HCAHPS

Star Rating
1-3 Rating 4-5 Rating
Actual Actual

1-3 Rating Predicted 356 26 382
4-5 Rating Predicted 88 54 142

444 80 524
Accuracy 0.782 PPV 0.380
Sensitivity 0.675 NPV 0.932
Specificity 0.802

Abbreviations: PPV, positive predictive value; NPV, negative predictive value.

to somewhat contradict the prior findings of Hurst & Smith and Lasater, Sloane & Aiken who suggested that there is little
connection between increased healthcare staffing costs and the use of temporary staff and the quality of care
provided.?”*® Our results indicate there is an association — albeit a negative one — that is worth noting. We believe
our results are most appropriately aligned with the work of Dall’Ora, Maroutti and Griffiths, Deci, and Ariely, Gneezy,
Loewenstein and Mazar who report that if higher cost labor is attributed to specific sources, such as contract staff and
temporary workers, it can lead to decreased performance in some work environments.?’>'

Our study is restricted to elevated hospital labor costs, and we do not explore the potential pathways responsible for it.
However, given the difficulties hospitals encountered throughout the COVID-19 crisis, we consider it likely that hospitals
were forced to be flexible in their choice of staffing mix. To do so, hospitals may have had to pay dramatically elevated
wage rates for overtime and temporary staff over a long time.>° It is well known in high-risk industries that perpetually
operating with staff that have been over-extended can have damaging short-term and long-term effects — both personally

and professionally. For example, numerous prior authors have reported both errors and near errors are more likely to

Risk Management and Healthcare Policy 2023:16 hetps: 1087

Dove!


https://www.dovepress.com
https://www.dovepress.com

Beauvais et al

Dove

Table 7 Coefficient Directionality Congruence

TPS Rating Stars Congruence
MCareDays —0.725%* —-0.039 —0.136%* All -
LCR —0.80 1** —0.326%+* —0.204** All -
MCII —0.820+ —0.215% —0.040 All -
MAidDays —1.033%** —0.213%* —0.275%*+* All -
Region 8 —1.791 —0.802%** —0.910%* All -
FPYes —2.125%* —0.884%+* —0.983%** All -
ALOS —2.3Fwk —0.685%+* —0.194+ All -
Region 3 —2.544+ —1.015%** —1.382%%* All -
Region 5 —2.611* —0.712%* —0.596* All -
Region 2 —3.193* —0.848** —1.237%%* All -
Region 7 —3.979** —0.95 | ¥ —1.027** All -
Region 4 —4.28|#** —1.265%** —1.125%%* All -
StaffedBeds —4.573%¢¢ —0.388*** —0.977++* All -
RuralYes 2.496** 0.371* 0.900%#* All+
CMI 1.952%%* 0.563#** 0.922%%* All+
RegionUnreported 1.485 —0.821** —0.616+ Mixed
CC_McCC 0.945* 0.183+ —0.168 Mixed
Region 6 0.527 —0.402 —0.554+ Mixed
BedUtil 0.237 0.089 —0.176+ Mixed
Region 9 0.234 —0.872%* —1.32%¥* Mixed
Notes: p<0.001*%, p<0.01**, p<0.05% p<0.10 +; “All +": Coefficients are positive in all three tested models;
“All =": Coefficients are negative in all three tested models; “Mixed”: Coefficients are mixed across the three tested
models.

occur when hospital staff nurses work extended shifts.*>*® Likewise, the increased use of contract staff has been shown
to reflect in lowered overall quality and patient satisfaction.*’° It is well documented that both workforce solutions were
in use before the pandemic started and broadened across the subsequent 2 years — with notable safety concerns.*’
There is also the potential that due to the increased cost of labor, hospitals were forced to cut back in other areas of the facility
with damaging quality implications. Staff furloughs in non-critical areas were a widespread practice, but cost-cutting measures
also may include limitations on supply items or altering supply requisitions to procure products of lower cost and quality,
delaying critical new diagnostic equipment purchases, and requiring staff to perform non-traditional roles.*® When considered in
isolation, none of these issues are likely to meaningfully increase risk to patient care; however, when considered in totality, it is
logical that undue additional patient safety risk might be introduced in the clinical setting, reflecting lower quality of care.

Limitations and Recommendations for Future Research

Several limitations are present in our study. First, it is the fact our data are drawn from one of the most difficult periods of US
hospital performance — in the middle of the COVID-19 pandemic — when hospitals were struggling to meet patient demand and
retain nursing staff. We do not view this as a detraction from our study, but we are curious if this same phenomenon will persist in
future years or if the same association would be present in a historical longitudinal study. The current study is drawn from a single
data year (2021), and though we have lagged independent and control variables (2019) to address endogeneity and reverse
causality, future research using longitudinal data may provide increased insight of the tested relationship.

Second, we recognize there is more at work in our data set and our targeted study population. Notably, there are other
potential factors that influence our studied relationship that we are not capturing in our study. For instance, the quality of
leadership, the service mix, the composition of the clinical staff, the age of the workforce, the hospital age of plant, and
the workplace culture are all factors that may be relevant in understanding the quality of healthcare outcomes.

Third, the Labor Cost Ratio (LCR) accounts for all sources of labor cost in one variable. Further study might be
worthwhile to directly determine if the level of contract staff versus long-term employees is more strongly or weakly
associated with the variation we observed in our dependent quality outcome measures. This additional research would
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provide insight to hospital leaders regarding the potential quality-centric risks when agency staff are utilized to fill the
gaps in times of workforce shortages. Or, if a strong negative relationship is discovered, it may indicate that healthcare
leaders must take additional steps to ensure that temporary staff are fully immersed in the organization’s operating
procedures, protocols, and work culture.

A final limitation centers on the fact that all our chosen quality-dependent variables are weighted aggregates. Although this
provides consistency across our studied population, additional insight might be gained by examining our study relationship on
more granular aspects of each of the current dependent variables. As an example, in further research, we could evaluate each of
the component parts of the value-based purchasing Total Performance Score. This would provide clarity regarding where labor
costs have the greatest association as far as quality is concerned — clinical outcomes, person and community engagement,
safety, or efficiency and cost reduction. Similar efforts could be applied to the measures supporting the Hospital Compare
overall rating or the HCAHPS summary star rating.

Practice Implications

Drawing from our findings, we believe that the negative labor cost—quality association is an issue that highlights the undue risk
that hospital staffing and workforce management issues may be introducing into the hospital environment. Consideration
should be undertaken to assess the cost—quality—access issue. Should hospitals use financial incentives to address the labor
shortage? Should a service line remain open if poorly staffed or staffed with a sub-optimal workforce? Is offering services
irrespective of the quality of care one might receive in patients’ best interest? We suggest it is at least worth considering on
a case-by-case basis. The political implications of closing a facility for workforce concerns in the middle of a national
emergency is serious. However, if this issue persists beyond the end of the pandemic, we suggest there are systemic workforce
management issues that must be addressed. The deployment of human resources in any organization needs to be aligned with
the desired outcomes and the role of the care recipient needs to be incorporated in the organizational structure and the daily
care process.*® We recognize that reversing the negative labor cost—quality association is far from simple, and this, too, has
been a chronic concern.*® However, following the extreme measures hospital leaders were forced to take during the recent
pandemic, the political and institutional will is present to adopt new staffing methods to simultaneously improve continuity of
care, decrease cost, and enhance quality. Among these are efforts to reduce staff turnover and mitigate wage inflation by
moving agency staffing “in house” in at least one large healthcare system, increasing opportunities for remote or hybrid work
schedules, restructuring work schedules to reduce commute times, and altering shift differentials to alleviate off-hours and
weekend coverage challenges.*='*? Yet, increased salaries, signing bonuses, and retention bonuses remain primary recruit-
ment and retention strategies for many healthcare leaders.”> This leads us to question if the emerging cost reduction and
workforce stabilization strategies will prove effective and if patients will receive the quality of care they expect — or not.
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