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Abstract

In contracting out, monitoring is an important policy tool to extract information on firm quality and
incentivize quality provision. This paper examines a central quality inspection of nursing homes, a
sector with significant welfare implications but widespread public concerns about the quality of care.
Using data on nursing homes across the US, we find that nursing homes exhibit strategic responses to
the inspection in multiple core dimensions. Nursing homes increase the quantity and quality of labor
inputs, reduce admissions, increase temporary discharges, and improve patient care in response to the
inspection. However, nearly all responses drop immediately once the inspection is completed. While
inspection ratings are unlikely to reflect nursing homes’ absolute quality given the strategic responses, we
find that they nonetheless predict nursing homes’ relative quality: using a quasi-experimental research
design, we find that staying at higher-rated nursing homes lowers patient mortality. Finally, we examine
the role of the inspection in incentivizing sustained nursing home quality improvements through quality

deficiency citations, finding mixed effects.
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1 Introduction

In contracting with private firms to provide social services (e.g., health care and education), governments
often face firms’ misaligned incentives to invest in the quality of services (Hart, Shleifer, and Vishny 1997).
Monitoring is an important regulatory tool to extract information on quality and identify and penalize
quality deficiencies to incentivize quality provision. Yet firms may respond strategically by temporarily
enhancing quality when they are inspected and dropping efforts when they are not. It is unclear whether
government monitoring can successfully capture and incentivize quality or merely introduces wasteful
regulatory costs. Understanding firms’ responses to monitoring and the effectiveness of monitoring in
revealing and fostering quality is highly relevant given the government’s reliance on monitoring for many
important quality regulations in the US.!

This article studies government monitoring in the health care sector. Nursing homes, primarily operated
by private entities but largely financed by the government (through Medicare and Medicaid), are an industry
with large economic size but widespread public concerns about quality of care.”> Over 1.2 million patients
resided in nursing homes in 2024 (Chidambaram and Burns 2024). The annual spending on nursing home
care totaled $193 billion in 2022, equivalent to about one-seventh of national expenditures on hospital care
(CMS 2024). Yet quality shortfalls in nursing homes are a persistent public concern (e.g., Rau 2018; Jacobs
2024). To monitor and incentivize care quality, CMS mandates annual health inspections of nursing homes,
which are onsite evaluations of nursing home quality of care. A health inspection often lasts a number of
days (U.S. Senate Special Committee on Aging 2023). Health inspections are a central quality regulation
in the US nursing home sector. They also play a significant role in the allocation of patients and resources
across facilities: the inspection results determine nursing homes’ eligibility to receive Medicare and Medicaid
reimbursements and form the core of the five-star rating for nursing homes, a CMS quality rating that impacts
patients’ and their families’ choice of facilities, health care professionals’ referral decisions, and regulators’
funding decisions (e.g., Thomas 2014; Werner, Konetzka, and Polsky 2016; 12 U.S.C. §1715w).3

We begin by examining nursing homes’ responses to health inspections. Using comprehensive payroll-

based staffing data for the near-universe of nursing homes in the US and detailed patient data from the

1. Across a range of important areas, including health care, education, workplace safety, and food safety, agencies such as
the Centers for Medicare & Medicaid Services (CMS), federal and state education agencies, the Occupational Safety and Health
Administration (OSHA), and the Food and Drug Administration (FDA) consistently monitor facilities’ quality compliance.

2. Medicare and Medicaid are the primary payers for three-quarters of nursing home residents, yet only six percent of nursing
homes are government-owned (Chidambaram and Burns 2024).

3. The five-star rating consists of ratings from three components: health inspections, staffing, and quality measures. The five-star
rating is mainly based on the health inspection rating (a composite of ratings from regular health inspections, which we study, and
complaint investigations), adjusted only when staffing and quality measures receive a very high or very low rating. In addition, if
the health inspection rating is one star, the nursing home’s overall rating is capped at two stars (see details in CMS 2018a).



Minimum Data Set (MDS), we compare daily outcomes within cells of nursing homes and time categories
(year, month, and day of the week). Under the plausible assumption that conditional on our baseline controls
(nursing-home-by-time-category indicators), daily outcomes would not deviate systematically around arbi-
trary days in the absence of inspections, the empirical design allows us to study nursing homes’ responses to
health inspections.

We find that nursing homes exhibit significant changes in multiple core dimensions in response to health
inspections. First, we find clear evidence of increased quantities of labor inputs. Nursing homes significantly
increase the work hours of nurses and nurse assistants, the main nursing home staff, in response to health
inspections. On the day of peak response, the work hours of nurses and nurse assistants rise by 9.8 and
6.3 hours on average, respectively. These effect sizes are 25 percent and 36 percent of the differences
in nurse and nurse assistant hours between weekdays and weekends, respectively.* We also find similar
increases in the work hours of every other leading type of staff observed, including physical therapists,
occupational therapists, social workers, activities professionals, administrators, physical therapy assistants,
occupational therapy assistants, dietitians, feeding assistants, and speech/language pathologists. Second, we
find a modest but clear rise in the quality of labor inputs as indicated by skill and credentials in response to
health inspections. The share of nursing staff hours provided by nurses (higher-skilled) as opposed to nurse
assistants (lower-skilled) and the share of nurse hours provided by registered nurses (RNs, higher credential)
as opposed to licensed practical nurses (LPNs, lower credential) both increase in response to the inspection.’
Third, we find that nursing homes exhibit declined admissions in response to health inspections. On the
peak day, admissions decline by nine percent relative to the mean. Fourth, we find a significant increase in
temporary discharges, i.e., the number of patients who are discharged but return to a nursing home within two
weeks, in response to health inspections.® On the peak day, temporary discharges increase by four percent
relative to the mean. Decomposition shows that the increased temporary discharges are nearly all driven
by patients returning to their original nursing homes (rather than to other facilities) and that the original
nursing homes largely hold these patients in hospitals before readmitting them. Both declined admissions
and increased temporary discharges can raise the staff-to-patient ratio. Finally, we find suggestive evidence

that nursing homes improve the quality of resident care in response to health inspections as measured by

4. Due to variation in inspection length, the share of nursing homes with an ongoing inspection lasting the entire day increases
as the day approaches the final day of each inspection, and the magnitude of the estimated responses varies accordingly. The final
day of each inspection may not last the entire day, potentially leading to a smaller response on the final day than on the day before.

5. Nursing staff includes nurses and nurse assistants; nurses include RNs and LPNs. RN typically complete two to six years of
professional education, while LPNs generally undergo only about one year of training and provide care under RNs’ direction; nurse
assistants mostly acquire only a few months’ training and work under the supervision of RNs and LPNs (Bureau of Labor Statistics
2024a; 2024b; 2024c).

6. We choose two weeks as the cutoff because it is likely beyond the inspection period but still close to the discharge day. Results
are qualitatively similar with a longer cutoff of three weeks or a shorter cutoff of one week.



residents’ influenza and pneumococcal vaccination rates. We also find slight declines in the use of chemical
restraints (antipsychotics), though the estimates are less precise.’

However, nearly all responses described above drop immediately once the inspection is completed. The
work hours of all types of staff decline to the typical levels (i.e., those on days relatively distant from
the inspection), or even slightly below the typical levels, on the day right after the inspection. Similarly,
admissions and temporary discharges immediately return to the typical rates and the quality of labor inputs
declines to even below the typical level once the inspection is completed. For vaccination rates, since
the increases persist as long as vaccinated patients remain in the facility, we do not observe an immediate
return to the typical levels postinspection. However, the increases diminish over time as earlier patients are
gradually replaced by new admissions, consistent with decreased vaccination efforts postinspection.

We show empirical evidence supporting the validity of our estimation. First, we present dynamic
effects and find that, except for the short period around the inspection, our examined outcomes are well
balanced across days pre-inspection (conditional on the baseline controls: nursing-home-by-time-category
indicators). Second, we address concerns about concurrent events. We show that inspection dates are spread
nearly evenly throughout the year (except for declines around holidays when inspectors may be less likely
to work). We also show that our estimates are robust to excluding inspections conducted in any week of
the year (including the exclusion of holidays) and that inspection timing has little correlation with various
nursing home characteristics.

Next, we examine correlates of nursing homes’ responses to health inspections. We find that staff
hour increases are larger among for-profit nursing homes, potentially reflecting financial incentives since
inspection ratings can affect demand. The increases are also larger among nursing homes with lower
ratings in prior cycles, suggesting stronger response incentives with lower existing ratings. In addition, staff
hour increases are greater among nursing homes in more competitive areas, consistent with demand-side
competition enhancing provider incentives to invest in quality (or quality ratings), and are greater among

nursing homes in areas with higher staff availability, indicating that the capacity to respond plays a role. For

7. The CMS contact for the health inspection data notes that inspectors are required to report inspection end dates but not start
dates, and although start dates can be reported, the data is unreliable: despite the reported start dates, inspections can begin later
due to rescheduling or other issues that arise. This can make the inspection length estimated using the difference between inspection
start and end dates much longer than the true duration. (Inspection end dates are unlikely to be misreported since the reporting is
mandated, according to the CMS contact.) The lack of reliable data on inspection start dates also restricts the ability to rigorously
assess whether strategic responses emerge before an inspection begins. Yet we obtained the data on inspection start dates, through a
Freedom of Information Act (FOIA) request. With the caveat that the reported start dates can be earlier than the actual dates, leading
to underestimated pre-inspection responses, we nonetheless find that some responses (e.g., admissions, vaccinations) emerge before
the inspection starts. It is also worth noting that even if some responses emerge only when the inspection starts, it does not rule
out pre-inspection responses. E.g., when on-duty staff schedules are set in advance (a frequent practice in health care settings), an
increase in staff hours during inspections can imply pre-inspection responses. Although inspections are mandated as unannounced
(CMS 2023), anecdotes suggest that inspection dates may not be strictly hidden from nursing homes (e.g., Thomas 2014; Rau 2018).



admissions and temporary discharges, we find that admission declines are more pronounced in competitive
areas and temporary discharges rise more notably among hospital-affiliated nursing homes; the latter is
consistent with hospital affiliation facilitating transfers between nursing homes and hospitals. Together,
empirical evidence suggests that both incentives and the capacity to respond may drive the gaming behavior.

The strategic responses suggest that quality ratings from health inspections are unlikely to reflect nursing
homes’ absolute quality, a finding highly relevant to a range of important nursing home regulations that
rely on facilities’ absolute quality assessments, including enforcing compliance with quality standards and
certification that regulates nursing homes’ eligibility to admit Medicare and Medicaid patients. Next, we
ask whether the ratings are predictive of nursing homes’ relative quality. We measure quality by patient
survival, a well-defined and unambiguously welfare-relevant outcome. To account for non-random sorting
of patients into nursing homes, we leverage an instrumental variables (IV) design. Specifically, building on
McClellan, McNeil, and Newhouse (1994), we classify nursing homes into two groups based on their quality
ratings from health inspections and use the differential distance from a patient’s zip code of residence to the
nearest high-quality-rated (above-median) nursing home versus the nearest low-quality-rated (below-median)
nursing home as an instrument for admission to high-quality-rated nursing homes. Using the administrative
Medicare claims data, our sample includes 5.6 million cases in over 15,000 nursing homes across the nation.
We find that differential distance strongly predicts whether a patient is admitted to a high- versus low-quality-
rated nursing home. Conditional on our baseline controls for the IV design (county-by-year indicators),
patient predicted 90-day mortality generated using a rich set of demographics and comorbidities is well
balanced across values of our instrument. In contrast, patient actual 90-day mortality rises significantly with
the instrument.

The IV estimate shows that staying at high-quality-rated nursing homes is associated with a decline of
0.8 percentage points in 90-day mortality, a 5.2 percent reduction relative to the mean. Interestingly, the
relationship is more pronounced among nursing homes with smaller staffing responses to health inspections,
suggesting that quality ratings are more effective at predicting quality when strategic responses are weaker.
Consistent with this pattern, we find that quality ratings based on days relatively distant from and thus less
likely to be affected by inspections are more predictive of nursing homes’ mortality effects, suggesting a
potential way to enhance the predictive power of quality ratings. We further estimate each facility’s effect
on patient mortality using a control function approach that follows Einav, Finkelstein, and Mahoney (2025),
finding that 8.0 percent of the variance in nursing homes’ mortality effects is explained by quality ratings.
Together, despite gaming, inspection ratings on average are predictive of nursing homes’ relative quality.

Finally, we examine the role of health inspections in incentivizing sustained nursing home quality of care



improvements, through their key component for inducing quality investments: quality deficiency citations.
The citations are issued to facilities found in violation of quality standards by health inspections and can lead
to fines. The potentially tougher reputation of regulators and the salience of penalties resulting from citations
may incentivize nursing homes to improve care to avoid future citations. On the other hand, policies may not
always achieve their intended effects. We use an event-study design that compares the evolution of outcomes
between cited and non-cited nursing homes before and after the citation. Examining the effects of 14 key
citations with measurable outcomes, we find mixed results. Some citations lead to improvements in the cited
quality dimensions: the effects emerge in the citation quarter or the following quarter and persist over time.
Yet for citations that appear to have less precise evaluation criteria and lower financial penalties, we find
limited effects. Supporting the validity of our estimation, we show that the treatment and control groups
do not exhibit diverging trends precitation in most instances and that in the few instances where pre-trends
seem to exist, they are unlikely to qualitatively affect our findings. We also present a series of robustness
checks, including correcting for potential bias in staggered treatment timing using various estimators (De
Chaisemartin and d’Haultfoeuille 2020; Callaway and Sant’Anna 2021; Sun and Abraham 2021; Borusyak,
Jaravel, and Spiess 2024) and excluding days around health inspections to limit the influence of inspections,
all of which support the validity of our estimation. Lastly, we examine whether citations have spillover
effects on non-cited quality dimensions and nearby facilities, finding limited evidence.

This paper contributes to several strands of literature. First, this paper contributes to a large literature
studying the production of health care quality. This body of research has examined the role of factors
including health care providers’ skill (e.g., Currie and MacLeod 2017; Chan, Gentzkow, and Yu 2022), the
efficient organization of the physician workforce (e.g., Epstein, Ketcham, and Nicholson 2010; Chen 2021;
Branco et al. 2023), providers’ financial incentives (e.g., Cutler 1995; Celhay et al. 2019; Gupta 2021), and
competition (e.g., Bloom et al. 2015) in shaping health care quality. Our paper contributes to this literature
by examining the role of inspections, an important regulatory tool, in capturing and incentivizing health care
quality. Our clear visual evidence of providers’ strong responses to inspections reveals important insights
about the possible overrating of providers’ quality performance and underdetection of quality deficiencies
during inspections. We also find that, in the face of incomplete regulations, inspections may lead to
unintended consequences, e.g., declined admissions and increased temporary discharges in our setting, that
may not be socially efficient. Accounting for providers’ strategic responses can lead to better public policy
design. However, we also find that inspection ratings, though likely inflated, predict quality ranking, and
quality deficiency citations can incentivize quality improvements when properly designed.

Second, our research relates to the broad empirical literature on government monitoring of firms, spanning



product quality, workplace safety, tax enforcement, and environmental compliance (e.g., Dranove et al. 2003;
Jin and Leslie 2003; Almunia and Lopez-Rodriguez 2018; Johnson 2020; Shi 2024). Contributing to this
literature, we show evidence that firms’ gaming of government monitoring does occur.® This finding has
important implications for regulations that rely on inspection-based assessments of firms’ absolute quality,
including certification and quality standard enforcement. Our finding that firms’ capacity to respond may
matter for strategic behavior aligns with the organizational economics studies that suggest firms’ compliance
with regulation is a function of their capability to respond to regulatory incentives (e.g., Boudreau 2024).

Third, this paper contributes to a growing economics literature on nursing homes, which has shown that
nursing homes are responsive to financial incentives (e.g., Hackmann 2019; Gandhi 2020; Gupta et al. 2024;
Hackmann, Pohl, and Ziebarth 2024), vary widely in quality of care (e.g., Hackmann, Rojas, and Ziebarth
2022; Olenski and Sacher 2024; Cheng 2025; Einav, Finkelstein, and Mahoney 2025), and are capable of
boosting the quality of attributes subject to scrutiny but may shirk on the unreported ones (e.g., Lu 2012). We
add to the literature by examining the role of government inspections in capturing and fostering nursing home
quality of care. While inspections are a central regulatory tool in the nursing home sector, they are relatively
understudied, with this paper and a few other studies just beginning to examine them (e.g., Gandhi, Olenski,
and Shi 2025; Lin, Lu, and Lu 2025). We contribute to this body of research by providing evidence on
nursing homes’ strategic responses across a wide range of key dimensions, the role of inspections in capturing
nursing homes’ quality, and the role of inspections in incentivizing sustained quality improvements.

The remainder of this article is organized as follows. Section 2 provides background on the nursing home
industry and health inspections. Section 3 introduces our data and presents descriptive statistics. Section
4 examines nursing homes’ strategic responses to health inspections. We also report heterogeneity in the
responses to health inspections by nursing home and market characteristics. Section 5 investigates whether
inspection ratings are predictive of nursing homes’ relative quality. Section 6 examines the effects of quality

deficiency citations on nursing homes’ quality of care. Section 7 concludes.

2 Institutional Background

2.1 Nursing Homes

Nursing home residents include both short-stay patients receiving post-acute rehabilitative therapy and long-

stay patients requiring assistance with activities of daily living (e.g., dressing, eating, bathing). In the

8. Relatedly, Zou (2021) finds that intermittent monitoring of air quality leads local areas to temporarily suppress polluting
activities on monitored days, and local governments’ gaming reactions on monitored days appear to be an important mechanism.
Different from Zou (2021), we examine firms’ gaming.



US, nursing homes are mostly operated by private entities but largely financed by the government through
Medicare and Medicaid: only six percent of nursing homes are government-owned, yet Medicare and
Medicaid are the primary payers for three-quarters of nursing home residents (Chidambaram and Burns
2024).° Most short-stay nursing home patients receive coverage from Medicare, while long-stay patients
largely rely on Medicaid.'”

The US nursing home industry is large. The annual patient volume ranged from 1.1 to 1.4 million over
the past decade. In 2022, total spending reached $193 billion, equivalent to about one-seventh of national
hospital expenditures and four percent of total national health spending (Chidambaram and Burns 2024;
CMS 2024). As baby boomers continue to age, spending on nursing home care and the number of nursing
home residents are expected to grow sizably (Congressional Budget Office 2013).

However, quality shortfalls in nursing homes have been a source of tremendous concern. Patients
frequently suffer adverse events during nursing home stays, with a sizable share of those events preventable.'!
Researchers and regulators typically find insufficient staffing levels and substandard staff quality in nursing
homes (e.g., Geng, Stevenson, and Grabowski 2019; Government Accountability Office 2021), which can
lead to a wide range of adverse health consequences for residents, including death (Friedrich and Hackmann

2021; Ruffini 2024).

2.2 Health Inspections

To evaluate and incentivize quality of care, CMS requires nursing homes participating in Medicare and
Medicaid to undergo annual health inspections. CMS is charged with overseeing the inspection, and state
agencies, typically state health departments, conduct the inspection on behalf of CMS. An inspection
generally lasts a number of days (U.S. Senate Special Committee on Aging 2023; see also Appendix Figure
A.1 for the distribution of inspection length estimated using the reported inspection start and end dates, with
the caveat that the estimated inspection length can be longer than the true duration as described in footnote 7).
During an inspection, a team of inspectors employed by states (often nurses) travels to the nursing home to
conduct an onsite evaluation of care quality. The inspection team examines various aspects of nursing home
care, such as staffing levels, staff quality, and resident care (e.g., influenza and pneumococcal vaccinations,

the use of physical and chemical restraints, assistance with daily living activities). When inspectors find

9. Nursing homes are often referred to as skilled nursing facilities (SNF), which are nursing homes certified by CMS to treat
Medicare patients and account for more than 95 percent of nursing homes nationwide (National Center for Health Statistics 2024).
10. Medicare covers a maximum of 100 days of nursing home care for each benefit period. Patients can transition to Medicaid for
stays exceeding Medicare’s maximum coverage if they meet Medicaid’s eligibility criteria.
11. For example, according to Office of Inspector General (2014), one-third of Medicare nursing home residents experienced an
adverse event that results in harm (e.g., infections, falls, pressure ulcers) during their nursing home stays, and 59 percent of those
events are clearly or likely preventable.



nursing homes in violation of any quality standards, they issue quality deficiency citations, which are reported
publicly and can result in fines.

As shown in Appendix Figure A.2, inspection dates are spread nearly evenly throughout the year (except
for declines around holidays when inspectors may be less likely to work). Although health inspections
are conducted on an annual basis, CMS does not require them to be conducted exactly every 365 days for
individual nursing homes, as long as an inspection is within 15 months of the previous one and the state
average interval between adjacent inspections for individual nursing homes does not exceed 12 months (CMS
2023). Appendix Figure A.3 plots a histogram of the number of days between adjacent inspections, showing
an approximately normal distribution with a wide range from below 300 days to above 500 days (standard
deviation: 70 days).'?

There exist strong financial incentives for nursing homes to perform well in health inspections. First, the
performance rating from health inspections forms the core of the five-star rating for nursing homes,'? which
can significantly affect nursing home demand through its influence on patients’ and their families’ choices,
health care professionals’ referral decisions, and insurers’ selection of preferred networks (e.g., Thomas 2014;
Werner, Konetzka, and Polsky 2016; Government Accountability Office 2016). Second, nursing homes will
receive quality deficiency citations, which are reported publicly, and consequently, financial penalties if they
are found in violation of quality standards by inspectors. Both the probability of receiving citations and
the amount of the resulting financial penalties are high. For example, in 2019, approximately 80 percent of
nursing homes received at least one citation from health inspections,'# and the average amount of fines is
$66,367 per day conditional on receiving penalties (CMS 2025). Third, nursing homes found to be providing
severely substandard care could be barred from receiving Medicare and Medicaid reimbursements, which
are the primary source of revenues for nursing homes.

While continuous monitoring can yield more representative results, concerns over cost burdens limit
its feasibility. To balance between the goal of obtaining representative inspection results and the costs of
continuous monitoring, CMS requires inspection dates to be unannounced and unpredictable, to prevent
nursing homes from anticipating when inspections will be conducted (CMS 2023). Yet concerns remain that
nursing homes may expect health inspections and engage in “window-dressing.” For example, as described

in two New York Times articles (Thomas 2014; Rau 2018):

12. Section 3 below describes the data used to construct Appendix Figures A.1-A.3 in detail. There appears to be slight bunching
at approximately 350 days in Appendix Figure A.3, which may be due to state agencies trying to meet the requirement that the
state average interval between adjacent health inspections for individual nursing homes should not exceed 12 months. The average
interval between adjacent health inspections is 390 days, somewhat longer than the requirement of not exceeding 12 months.

13. Details are described in footnote 3.

14. This statistic is obtained using the data described in Section 3 below.



“Homes often know when an inspection will occur, and many of them have learned to add workers in

the period leading up to it.”

“The homes sometimes anticipated when an inspection would happen and could staff up before it.”

3 Data

3.1 Data Sources

Nursing Home Health Inspection, Rating, and Citation Data. The data on nursing home health inspections
are obtained from the Provider Data Catalog for Nursing Homes including rehabilitation facilities provided
by CMS. The data include information on the identifier of the nursing home inspected, the end date of each
inspection, and inspection ratings. The data also report quality deficiency citations issued to nursing homes
by health inspections. We use the data from 2014 to 2019, ending before the onset of the COVID pandemic
in the U.S.1°

The data do not report inspection start dates. The CMS contact for health inspection data noted that
inspectors are required to report inspection end dates but not start dates, and the reported start dates are
unreliable: inspections can begin later than the reported start dates due to rescheduling or other issues that
arise. Inspection end dates, in contrast, are unlikely to be misreported since the reporting is mandated.'®
Thus, our main analyses use inspection end dates rather than start dates. Nevertheless, we obtain the data
on inspection start dates through a FOIA request and use them for auxiliary analyses, with the caveat about
their reliability.
Staffing Data. Our staffing data come from the Payroll Based Journal (PBJ), an administrative dataset that
contains the near-universe of nursing homes in the US. The data report work hours for essentially every type
of staff in nursing homes at the facility-by-day level. The data are typically transmitted to CMS automatically
via facilities’ payroll platforms. CMS conducts audits on the data, and nursing homes found to submit false
information are subject to penalties (i.e., receiving the lowest star rating for its staffing performance in the
five-star rating (CMS 2018b)). Since the data are only available from 2017, in analyses using the PBJ data,
we restrict attention to years 2017-2019.
Resident Data. We use the MDS and the 100 percent Medicare claims data from 2014 to 2019. The MDS
reports federally mandated, standardized assessments of residents in Medicare- or Medicaid-certified nursing

homes, which account for more than 95 percent of nursing homes in the US (National Center for Health

15. An exception is that when examining the effects of quality deficiency citations, we extend the data period through 2021 to
identify nursing homes receiving citations beyond the analysis period of 2017-2019 (details provided below in Section 6.1).
16. The CMS contact for the health inspection data, BetterCare @cms.hhs.gov, shared the information.



Statistics 2024). The data include information on patient health status, care received during the nursing
home stay, admission and discharge dates, and discharge destinations. The MDS has been widely used in
economic studies of nursing homes (e.g., Grabowski, Gruber, and Angelelli 2008; Hackmann 2019; Einav,
Finkelstein, and Mahoney 2025; Gupta et al. 2024).

The 100 percent Medicare claims data are administrative claim records for the universe of traditional

Medicare enrollees. The data include information on patient demographics, health history, and health care
use. The data also report patient zip code of residence. Vital statistics documenting patient death dates are
linked to Medicare claims, allowing us to measure patient mortality.
Nursing Home and Area Characteristics. We obtain nursing home characteristics from the “Long-Term
Care: Facts on Care in the US” (LTCFocus) database for heterogeneity analyses and robustness checks
controlling for nursing home characteristics. The LTCFocus provides data derived from administrative
datasets including the Certification and Survey Provider Enhanced Reporting (CASPER) database, MDS,
and Medicare claims. We use the 2014-2019 LTCFocus for information on nursing homes’ hospital affiliation,
for-profit status, and number of beds. We also use nursing homes’ county-level Herfindahl-Hirschman Index
from the LTCFocus, as a proxy for nursing home competition in the local area.

We supplement the LTCFocus with the Area Health Resource File (AHRF). Specifically, we use county-
level populations and numbers of RNs, LPNs, and nurse assistants from the 2018 AHRF (the earliest
county-level AHRF file during our study period with all these variables) to calculate the numbers of RN,

LPNs, and nurse assistants per capita in each county.

3.2 Descriptive Statistics

Table 1 summarizes the rich set of outcomes in our analyses. We report the quantity of labor inputs as
measured by the daily work hours of each type of staff in the PBJ data, the quality of labor inputs as measured
by the share of daily nursing staff hours provided by nurses and the share of daily nurse hours provided by
RN, the number of admissions, the number of temporary discharges (cases who are discharged but return to
a nursing home within two weeks), and patient care that includes influenza and pneumococcal vaccinations,
physical restraint use, and antipsychotic use. Nursing staff consists of nurse assistants and nurses, with
the latter being higher-skilled. Nurses further include RNs and LPNs, with RNs receiving more advanced
training.!” We calculate the share of daily nursing staff hours provided by nurses and the share of daily nurse

hours provided by RN as proxies for the quality of labor inputs. To be consistent with our regression sample,

17. As described in footnote 5, RNs generally complete two to six years of professional education; LPNs typically receive only
about one year of training and provide care under RNs’ direction; nurse assistants help patients with daily living activities (e.g.,
feeding, dressing, bathing) and work under the supervision of RNs and LPNs (Bureau of Labor Statistics 2024a; 2024b; 2024c).

10



Table 1 limits observations to those between -100 and 100 days of the last day of each health inspection,
with observations between -14 and 14 days excluded in the first five columns to restrict the influence of
inspections.

Table 1 shows that our sample includes a large number of nursing homes, over 15,000 across the nation,
and that there is a fair spread in each outcome. Nursing staff are the primary workforce in nursing homes
based on hours worked, with an average of 322 hours per facility per day compared to an average below
15 hours for every other type of staff. About 40 percent of nursing staff hours are provided by nurses, and
41 percent of nurse hours are provided by RNs. The numbers of admissions and temporary discharges per
nursing home per day are, respectively, 0.79 and 0.23. For patient care outcomes, 63 and 66 percent of cases
have received influenza and pneumococcal vaccinations, respectively, and 17 percent received antipsychotics

in the last seven days.'3

4 Responses to Health Inspections

In this section, we investigate nursing homes’ responses to health inspections. We find that nursing homes
show strong responses to health inspections, in multiple core dimensions. First, we find that nursing homes
increase the quantity of labor inputs: they increase the work hours of every main type of staff in response
to health inspections. Second, we find that nursing homes show modest but clear increases in the quality
of labor inputs as measured by nursing staff skill and credentials in response to health inspections. Third,
nursing homes reduce admissions with health inspections. Fourth, nursing homes appear to temporarily
discharge patients to hospitals and admit them back postinspection. Fifth, we find improved patient care
in some dimensions (e.g., increased influenza and pneumococcal vaccinations) with health inspections.
However, nearly all responses drop immediately once the inspection is completed. Next, we explore potential
mechanisms behind the responses. We find heterogeneous responses across nursing homes that suggest both
incentives and the capacity to respond may drive nursing homes’ gaming behavior. Finally, we present a

series of robustness checks.

18. The sample size varies across panels in Table 1 due to two main factors: (i) Panels A and B include only data between 2017
and 2019 because the PBJ data is only available since 2017, while Panels C-E include data between 2014 and 2019; (ii) the unit of
observations is at the facility-by-day level in Panels A-D but at the patient assessment level in Panel E. The sample size is smaller in
Panel B than in Panel A and varies slightly between outcomes in Panel B because a small number of observations have zero hours
in the denominator when we construct the share variables. The sample size also varies slightly across outcomes in Panel E due to
missing values. The number of observations in Panels A-D is smaller than the number of nursing homes multiplied by 201 (given
that we include days [-100, 100]) and the number of years studied. This difference arises for two main reasons: (i) due to entries and
exits, we do not observe each nursing home in each year; and (ii) as described in footnote 12, the average length between adjacent
health inspections is 390 days, i.e., the average number of health inspections is below one per nursing home per year.
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4.1 Empirical Framework
Estimation Specification. Our empirical specification takes the following form:

k=100

vie = ) Brdf + T + €, (1)
k=-30

where 7 indicates nursing homes, ¢ indicates calendar days, and y;; represents the outcome of interest. We
use a’ft to denote event day indicators that take the value of one if day ¢ is k days away from the last day of
an inspection. Our analysis includes observations ranging from -100 to 100 days from the last day of each
inspection, with days [-100, -31] set as the reference group. Since B; becomes nearly zero for examined
outcomes for £ > 30, we report the estimated Sy for days [-30, 30] for conciseness. In robustness checks in
Section 4.4, we extend the reporting window from 30 days before and after the inspection to a longer period
(75 days before and after). The coefficients of interest are S, representing differences in outcomes between
a day that is k£ days away from the last day of an inspection and days in the reference period that are relatively
distant from the inspection and thus unlikely to be affected by it.

The vector T;; contains our baseline controls: nursing-home-by-year, nursing-home-by-month, and
nursing-home-by-day-of-the-week indicators. We condition on T;; to allow for systematic differences across
nursing homes and time categories. For instance, staffing levels may differ between weekdays and weekends
and across nursing homes. Controlling for T;; captures these potential systematic differences. Finally, €;; is
the error term. We cluster standard errors by nursing home.

Analysis Sample. We restrict the sample to observations between -100 and 100 days from the last day of
each health inspection. To avoid overlap, we exclude a small share (0.3 percent) of inspections that have
another inspection within 150 days. As shown in Table 1, we obtain a final sample of about eight million
observations for outcomes pertaining to the quantity and quality of labor inputs, 17 million for admissions
and temporary discharges, and 34 million for patient care outcomes. Our sample includes over 15,000 unique
nursing homes across the nation.

Identification. Our identification assumption is that, conditional on T;;, daily outcomes would not deviate
systematically around arbitrary days in the absence of health inspections. We show evidence supporting the
validity of the identification assumption. First, our results below show that except for the period close to
inspections, the examined outcomes are well balanced across days pre-inspection (conditioning on T;;).

Second, we examine concerns about concurrent events. Appendix Figure A.2 shows that except for
declines around holidays when inspectors are less likely to work, inspection dates are spread nearly evenly

throughout the year. We also present below in Section 4.4 the robustness of our estimates to excluding inspec-
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tions conducted in any week of the year and to excluding holidays from our analysis sample. Additionally,

we show that there is little correlation between inspection timing and various nursing home characteristics.

4.2 Main Results

Quantity of Labor Inputs. Figure 1 reports estimates of the effect of health inspections on the work hours
of nursing staff, the main staffing inputs in nursing homes, using Equation (1). Panel A shows the results for
nurses’ work hours. Day 0 on the x-axis represents the last day of the inspection. We find increased nurse
work hours from around day -10 to day 0. The magnitude of the estimate declines from day -1 to day -10,
potentially because the variation in inspection length reduces the share of nursing homes with an ongoing
inspection from day -1 to day -10. The magnitude of the estimate also declines from day -1 to day 0, which
may be due to some inspections not lasting the entire day on the final day. On the day of peak response—i.e.,
day -1, which is likely the day with the highest share of nursing homes with an ongoing health inspection
lasting the entire day—nurse hours rise by 9.8 hours, or 7.7 percent relative to the sample mean.'® This effect
size is large, equivalent to 25.4 percent of the difference in nurse hours between weekdays and weekends.
However, nurse hours decline immediately once the inspection is completed, to even below the typical level
(i.e., that during the reference period, days [-100, -31], which are relatively distant from the inspection and
are unlikely to be affected by it as suggested by the economically negligible coefficients for pre-inspection
days not near the inspection in Figure 1).

Panel B of Figure 1 shows the results for nurse assistant work hours. We find a similar pattern that nurse
assistant hours rise in response to health inspections. On the peak day, nurse assistant hours increase by 6.3
hours, a 3.2 percent increase relative to the mean, or 36.2 percent of the difference between weekday and
weekend nurse assistant hours. However, the increase drops immediately on the day after the inspection.
Panels C and D of Figure 1 report results for RNs and LPNs (two subtypes of nurses) separately, showing
patterns similar to those in Panels A and B of Figure 1. Consistent with the validity of our empirical design,
Figure 1 shows that except for the period close to the inspection, the examined outcomes are well balanced
across days pre-inspection (conditional on T;;).

Figure 2 and Appendix Figure A.4 show the results for all other types of staff observed in the PBJ data.
Figure 2 presents the results for the main types of staff, defined as those whose average daily work hours are
at least one hour (except for nursing staff who are shown in Figure 1). Figure A.4 presents the results for

less common types of staff, i.e., those whose daily average work hours are below one hour. Figure 2 shows

19. To restrict the influence of health inspections, we estimate all sample means in this section using only days relatively distant
from inspections: days [-100, -14) and (14, 100].
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increased work hours in response to health inspections for every main type of staff. The work hour increases
on the peak day range from 1.3 percent to as large as about 35.9 percent relative to sample means. Appendix
Figure A.4 shows that even for some less common types of staff whose daily work hours are below one hour
(e.g., pharmacists, therapeutic recreation specialists), their work hours rise in response to health inspections.
However, all work hour increases disappear immediately once the inspection is completed.

To summarize and mitigate concerns about multiple hypothesis testing, we calculate total staff hours,
i.e., the sum of work hours for all staff in Figures 1 and 2 and Appendix Figure A.4. We show in Appendix
Figure A.5 that, on the day of peak response (day -1), total staff hours increase by 22.4 hours, a 5.6 percent
increase relative to the mean or one-fifth of the difference between weekdays and weekends. However, total
staff hours decline on the day right after the inspection, to even below the typical level.

In Appendix Figure A.6, we examine sources of increased staff hours by decomposing hours into those

provided by employees and those provided by contract workers.?? We find that for staff types primarily com-
posed of employees—for example, nursing staff and administrators, who have significantly more employee
hours than contract worker hours—the increased work hours associated with health inspections are almost
entirely driven by employees. Nursing homes seem to have these workers work extra shifts in response to
health inspections rather than hiring temporary contract workers. For staff types with a large share of contract
workers (e.g., dietitians, physical therapists), the increased work hours arise from employees and contract
workers in comparable magnitudes.
Quality of Labor Inputs. We next examine changes in the quality of labor inputs in response to health
inspections. Nursing staff, the primary workforce in nursing homes as shown by their much higher work
hours relative to other staff in Table 1, include nurses who are skilled and nurse assistants who are less skilled.
Nurses further include RNs who hold a relatively higher credential and LPNs who hold a relatively lower
credential. Panels A and B of Figure 3 examine the share of nursing staff hours provided by nurses and the
share of nurse hours provided by RNs, respectively, finding modest but clear increases in both outcomes with
health inspections. However, the increases disappear immediately after the inspection. While higher-skilled
nursing staff can improve patient outcomes, they are costlier to hire: the median hourly pay for RNs, LPNs,
and nurse assistants is, respectively, $41.4, $28.7, and $18.4 (Bureau of Labor Statistics 2024a; 2024b;
2024c). Wage costs may discourage nursing homes from using higher-skilled staff, yet facilities appear
willing to do so in response to health inspections, which may enhance inspection ratings directly through
higher average staff qualifications and indirectly through better patient care.

A question is whether nursing homes overreport the quantity and quality of staff in the PBJ data. In

20. In addition to total hours for each type of staff, the PBJ data report hours worked by employees and contract workers separately.
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principle, this possibility exists. In practice, this concern is lessened for our empirical identification, which
estimates staffing differences across days: overreporting would have to increase with inspections to confound
our estimates. Facilities likely have limited incentives to overreport more in response to inspections because:
(i) the staffing data are not submitted to the PBJ until after the quarter, i.e., inspectors do not observe the
reported staffing in the PBJ during the inspection; and (ii) since inspections are conducted onsite which
allows inspectors to directly observe staffing, over-reporting may entail greater costs than benefits given the
high risk of detection. Given (ii), if anything, overreporting may be less likely during inspections.

Another related question is whether the observed labor input responses to inspections merely reflect

nursing homes’ arrangements to have extra staff on hand to accommodate inspectors, e.g., to assist with
reviewing drug management or infection control procedures. While we cannot completely rule out this
possibility, it seems unlikely to be the only mechanism. If staffing adjustments were merely to facilitate
inspections, we would not expect increased care provision around inspections. Yet in the empirical results
below, we find that nursing homes increase care, such as increasing vaccinations, in response to inspections.
Anecdotally, nursing home administrators and staff with whom we spoke stated that facilities increase staffing
in response to inspections to present better patient care and higher staff-to-patient ratios. We also heard
the following statement from a former attorney who worked extensively on nursing home regulations: “Too
often we enter nursing homes and know that it is inspection time. The facility is cleaner, smells better, the
residents aren’t all parked in the hallways and ignored, etc.,” consistent with strategic responses to health
inspections.
Admissions. Panel C of Figure 3 assesses nursing home admissions in response to health inspections. On the
day of peak response, the number of admissions declines by 9.2 percent relative to the mean. One potential
reason for reduced admissions is that they can lower patient census and increase the staff-to-patient ratio,
an important inspection area. Similar to the quantity and quality of labor inputs, admissions return to the
typical level immediately after the inspection.

In Appendix Figure A.7, we decompose admissions by patient characteristics. We find similar declines in
admissions for patients with high versus low predicted 90-day mortality, indicating that nursing homes do not
seem to selectively lower admissions for risky or healthy patients, at least in terms of observable risks. This
may be because the average number of admissions per day is low (0.79 in the absence of health inspections
as shown in Table 1), leaving limited scope for selective admissions based on patient health risks. Appendix
Figure A.7 also shows that admissions of less advantaged patients (e.g., disabled and Medicaid-eligible) do
not seem to be disproportionately affected by health inspections.

Temporary Discharges. Panel D of Figure 3 displays changes in the number of temporary discharges,
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i.e., cases who were discharged but returned to a nursing home within two weeks, in response to health
inspections. We use two weeks as the cutoff to obtain a period likely longer than the inspection but still close
to the discharge. Results are qualitatively similar with a longer cutoff of three weeks or a shorter cutoff of
one week (Appendix Figure A.8). Panel D of Figure 3 shows a marked increase in temporary discharges in
response to health inspections: on the day of peak response, the number of temporary discharges increases
by 4.1 percent relative to the mean. Similar to reduced admissions, one potential explanation for increased
temporary discharges is that they can lower patient census, thereby increasing the staff-to-patient ratio, even
if staffing inputs remain constant.

In Panel E of Figure 3, we decompose temporary discharges by patients’ return destination: original versus
other nursing homes. We find that the increased temporary discharges associated with health inspections
stem almost entirely from patients returning to their original nursing homes. In Panel F of Figure 3, we
further decompose patients who were temporarily discharged and returned to their original nursing homes
by discharge destinations, finding that the increase in these cases with health inspections is nearly all driven
by patients discharged to hospitals. Taken together, it seems that in response to health inspections, nursing
homes transfer patients to hospitals and admit them back after the inspection, which may lead to unnecessary
use of hospital resources.?!

Appendix Figure A.9 decomposes temporary discharges by patient characteristics. We do not find
that riskier patients experience a higher increase in temporary discharges due to health inspections. If
anything, the increase appears to be more pronounced among younger, non-disabled, and non-black patients.
Unnecessary hospital transfers may pose higher risks for fragile patients, or hospitals may be less willing to
accept fragile patients for temporary stays, both of which may limit the possibility of risky patients being
disproportionately exposed to inspection-driven temporary discharges. Additionally, while we are unable to
fully disentangle whether the increase in temporary discharges is driven by (i) over-discharges due to health
inspections or (ii) under-discharges in the absence of inspections, the finding that riskier patients do not
experience a larger increase is more consistent with (i).

Patient Care. Panels G-J of Figure 3 assess changes in patient care in response to health inspections.?> We
measure patient care in the following key dimensions observable in the MDS: whether the patient received

(i) influenza vaccinations, (ii) pneumococcal vaccinations, (iii) antipsychotics (chemical restraints), and (iv)

21. Interestingly, despite increased temporary discharges, Panel C of Figure 3 shows no systematic rise in admissions postinspec-
tion. The temporary discharge increase, though clear, is modest in magnitude, and readmissions occur over a two-week period
following discharge, limiting the possibility of admission spikes on a specific day postinspection.

22. The empirical specification is analogous to Equation (1) applied to the quantity and quality of labor inputs, admissions,
and temporary discharges, except that an observation is at the case level rather than the facility-by-day level. For influenza and
pneumococcal vaccinations, we additionally control for the day of the month to account for within-month trends in vaccination,
although results are similar regardless of whether we include this control.
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physical restraints.??

Panels G and H of Figure 3 show that both the share of patients receiving influenza vaccinations
and the share of patients receiving pneumococcal vaccinations increase in response to health inspections.
Interestingly, the day of peak response for vaccinations appears to be earlier than that for the quantity and
quality of labor inputs and admissions. Vaccinating patients shortly before inspections can present a high
vaccination rate during inspections, while allowing nursing homes to allocate more staff to daily care during
inspections to further enhance ratings.?* Different from that for labor inputs, admissions, and temporary
discharges, the changes in influenza and pneumococcal vaccination rates do not fully disappear right after
the inspection. This may be because the increases persist as long as vaccinated patients stay in the nursing
home. However, the increases fade over time postinspection as earlier patients are gradually replaced by new
admissions, suggesting declined vaccination efforts after inspections.

In Panel I of Figure 3, we examine antipsychotic use (chemical restraints). Although the results are less
precise, we observe a slight decline in antipsychotic use in response to health inspections. Panel J of Figure
3 shows limited changes in physical restraint use in response to health inspections. The low share of patients
reported to be physically restrained (one percent) may limit the possibility of detecting significant changes.
Pre-inspection Responses. An interesting question is whether the strategic responses described above
emerge before an inspection begins. By regulation, inspections are unannounced (CMS 2023), yet anecdotes
suggest that inspection dates may not be strictly hidden from nursing homes (see Section 2.2). We examine
pre-inspection responses in Appendix Figure A.10, using the reported start dates obtained through a FOIA
request. Since the reported start dates can be earlier than the actual start dates as described in Section 3.1, we
could underestimate pre-inspection responses. With that caveat, Appendix Figure A.10 still shows that some
responses (e.g., reduced admissions, increased pneumococcal/influenza vaccinations) emerge before the
inspection start dates. For example, Panel D of Appendix Figure A.10 shows that the admission reduction on
the day before the reported start date is about one-quarter of the admission reduction on the peak day. It is also

worth noting that even if some responses (e.g., increased staffing) emerge only when the inspection begins, it

23. While these care outcomes are self-reported by nursing homes, our identification uses variation in these outcomes relative to
inspections, and there could be limited incentives for nursing homes to change reporting in response to inspections since the MDS
data are unavailable to inspectors at the time of inspection due to delays in data processing. For these patient care outcomes, we
include those reported at regular assessments in the MDS and exclude those from admission and discharge assessments. The MDS
reports federally mandated, standardized assessments of patients at admission, discharge, and regular intervals since admission (e.g.,
30 days and 90 days). For antipsychotics, we measure their use in the prior seven days rather than at more granular levels (e.g., the
current day) because the latter is not available in the data. To capture responses to health inspections, we define antipsychotic use in
the prior seven days on event day k as our outcome for antipsychotic use on day k£ — 7. This approach may shift the observed timing
of changes in antipsychotic use due to health inspections earlier, whereas without it, those changes would be observed later.

24. To the extent that the assessment reports whether the patient has received the vaccinations, vaccinations may occur prior to
the index assessment date, and responses to health inspections may take place even earlier than those observed in Panels G-H of
Figure 3.
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does not rule out pre-inspection responses. For example, when on-duty staff schedules are set in advance (a
frequent practice in health care settings), an increase in staff hours during inspections implies pre-inspection
responses. Taken together, we are unable to rule out the possibility of pre-inspection responses.

Summary. Taken together, nursing homes show strategic responses to health inspections, in multiple core
dimensions: the quantity of labor inputs, the quality of labor inputs, admissions, temporary discharges,
and patient care in some dimensions. However, nearly all responses drop immediately once the inspection
is completed. These results show that health inspections can overrate nursing home quality of care and
underdetect quality deficiencies compared to their typical levels in the absence of inspections. It is also
worth noting that our results do not necessarily imply that health inspections are inefficient: while reduced
admissions and increased temporary discharges may be socially inefficient, the increased quantity and quality

of labor inputs and improved patient care around the inspection may benefit patients exposed to them.

4.3 Correlates of Nursing Homes’ Responses to Health Inspections

In this section, we explore correlates of nursing homes’ responses to health inspections to shed light on
mechanisms behind the strategic reactions. We first estimate individual nursing homes’ responses to health
inspections. We then correlate each nursing home’s response with a range of observable nursing home and
area characteristics. Appendix A.1 provides details of this analysis. For the quantity of labor inputs, rather
than using various individual measures, we summarize the work hours of all types of staff.

Figure 4 reports the findings. The figure shows that staff hour increases are larger among for-profit
nursing homes, potentially driven by stronger financial incentives since inspection ratings can influence
demand. We also find that the increases are more pronounced among nursing homes with lower ratings
in prior cycles, suggesting stronger response incentives with poorer existing ratings, and that the increases
are larger in more competitive areas, consistent with competitive pressure increasing provider incentives to
invest in quality, or quality ratings. Additionally, staff hour increases are greater in areas with higher staff
availability (the number of RNs per capita). This pattern suggests that the capacity to respond may also play
arole in the strategic responses to inspections.

For the other outcomes examined, although there are fewer significant patterns, we find that the quality
of labor inputs rises more among for-profit nursing homes and that admission declines are more pronounced
among for-profit facilities and facilities subject to greater competition. Interestingly, temporary discharges
rise more notably among hospital-affiliated nursing homes, potentially reflecting these facilities’ capability
to leverage hospital ties to facilitate temporary transfers.

Taken together, these findings suggest that both incentives and the capacity to respond may play a role in
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nursing homes’ gaming responses to health inspections.

4.4 Robustness Checks

Appendix Figures A.11-A.15 report robustness checks. Appendix Figure A.11 shows that our estimates are
robust to excluding inspections conducted in any week of the year. Specifically, for each outcome, we first
run separate regressions that exclude inspections conducted in each week of the year using Equation (1). We
then report the maximum, minimum, and mean of the estimates from all regressions, along with our main
estimate that includes all inspections for comparison. In Appendix Figure A.12, we show that our estimates
are stable when we exclude holidays from the analysis sample. Appendix Figures A.13-A.14 show that
there is little correlation between inspection timing and various nursing home characteristics, in line with
non-systematic variation in inspection timing. Finally, Appendix Figure A.15 extends the reporting window,

from 30 to 75 days before and after the inspection, and shows that the findings are virtually unchanged.

S Inspection Rating and Nursing Home Relative Quality

The strategic responses suggest that quality ratings from health inspections are unlikely to reflect nursing
homes’ absolute quality, a finding highly relevant given the reliance of important nursing home regulations
on absolute quality assessments, including quality standard enforcement and certification that determines
nursing homes’ eligibility to admit Medicare and Medicaid patients. Next, we ask whether the ratings are
predictive of nursing homes’ relative quality. On the one hand, facilities with lower quality may exhibit
stronger strategic responses to health inspections to improve ratings, potentially leading to an insignificant
or even negative relationship between ratings and quality. On the other hand, despite greater incentives,
low-quality facilities may lack the capacity to perform as well as their high-quality counterparts during
inspections, and thus a positive relationship remains between ratings and quality. In this section, we start
by classifying nursing homes into two groups based on their quality ratings from health inspections and
use the differential distance from a patient’s zip code of residence to the nearest high-quality-rated nursing
home (above the median level within states) versus the nearest low-quality-rated nursing home (below the
median level within states) as an instrument for admission to high-quality-rated nursing homes.”> We

measure nursing home quality by patient mortality, an unambiguous measure of patient welfare. Within

25. In health inspection ratings, higher scores represent lower quality performance. We define nursing homes with an average score
during our study period below the state median score as high-quality-rated and those with an average score above the state median
score as low-quality-rated. We divide high- and low-quality-rated nursing homes within states rather than broader geographic units,
as health inspections are conducted by state-level agencies, making cross-state comparisons less meaningful.

19



our sample of Medicare beneficiaries, we find that admission to high-quality-rated nursing homes predicts
a 0.8-percentage-point decline in 90-day mortality, equivalent to a 5.2 percent reduction compared to the
mean. Next, we estimate individual nursing homes’ effects on patient 90-day mortality using a control
function approach following Einav, Finkelstein, and Mahoney (2025), finding that 8.0 percent of the variance

in nursing home mortality effects is explained by quality ratings from health inspections.

5.1 Empirical Framework

Estimation Specification. Our empirical specification is a two-stage least squares (2SLS) model that takes

the following form:

Ve mihigh, + Led; + XcB1 + €1.c, 2)

high.. mZe + Loy + X P2+ 82,c, 3)
where ¢ denotes a case, y. is the outcome of interest (90-day mortality), and high . indicates whether case
¢ is admitted to a high-quality-rated nursing home. We use Z. to denote the instrument: the differential
distance from a patient’s home zip code to the nearest high-quality-rated nursing home versus the nearest
low-quality-rated nursing home. The vector L. encodes interactions between indicators for the county and
indicators for the year of the patient’s admission, i.e., L. includes county-by-year indicators that account for
potential differences across county-year cells. The parameter of interest is 7y, representing a local average
treatment effect (LATE), i.e., the average effect among cases induced by the instrument into being admitted
to a high-quality-rated nursing home.

As robustness checks, our specification also includes a vector of patient covariates X, including indica-
tors for five-year age bins, gender, black race, disability status, Medicaid coverage in the prior year (a proxy
for income), and 27 chronic conditions reported in the Chronic Conditions file of Medicare claims at the
start of the year of the nursing home admission.?® For each patient covariate with missing values, we add an
indicator for missing values and replace the missing values with zero. Finally, €1 . and &, . are error terms.

We cluster standard errors by patient zip code of residence. We also show in Section 5.3 that standard errors

26. We measure Medicaid coverage in the prior year rather than the current year because nursing home stays may affect Medicaid
coverage: while less than one-fifth of nursing home residents are covered by Medicaid at the time of admission, about two-thirds
of them are covered by Medicaid at discharge (see, e.g., Hackmann 2019). The 27 chronic conditions include acute myocardial
infarction, Alzheimer’s disease, Alzheimer’s disease and related disorders or senile dementia, atrial fibrillation, cataract, chronic
kidney disease, chronic obstructive pulmonary disease, heart failure, diabetes, glaucoma, hip/pelvic fracture, ischemic heart disease,
depression, osteoporosis, rtheumatoid arthritis/osteoarthritis, stroke/transient ischemic attack, breast cancer, colorectal cancer,
prostate cancer, lung cancer, endometrial cancer, anemia, asthma, hyperlipidemia, benign prostatic hyperplasia, hypertension, and
acquired hypothyroidism (Research Data Assistance Center (ResDAC) 2024).
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are stable when clustered at a more aggregate level.
Analysis Sample. We restrict the sample to patients’ first nursing home stay during our study period
2014-2019 (we further ensure that these observations have no prior stay in at least one year before our
study period). Since nursing home residents often transfer between nursing homes and other facilities
(e.g., hospitals), restricting attention to patients’ first nursing home stay allows us to focus on a relatively
homogeneous sample and reduce the influence of other facilities. We also restrict the sample to patients
between 66 and 100 years old. (We exclude patients aged 65, to allow for a look-back period.) Appendix
Table A.1 summarizes the characteristics of our sample. Column 1 includes all analyzed patients. Columns
2 and 3 provide summary statistics separately for patients admitted to nursing homes with low and high
quality ratings. Along multiple dimensions, patients admitted to low- and high-quality-rated nursing homes
are systematically different, suggesting that OLS comparison can be biased by patient selection.
Identification Assumptions. Below we discuss empirical evidence supporting the validity of the iden-
tification assumptions for our IV design: relevance, conditional independence, exclusion restriction, and
monotonicity.
Relevance. Panel A of Figure 5 presents the first stage of our IV model, conditional on the baseline controls
L..”” The figure shows that the patient’s probability of being admitted to high-quality-rated nursing homes
declines with the instrument: differential distance to high- versus low-quality-rated nursing homes. The
first-stage relationship is highly significant, with an F-statistic above 10,000. The strong first-stage effect
is consistent with earlier studies documenting a significant role of differential distance in affecting patients’
choice of health care providers, including the choice of nursing homes (e.g., McClellan, McNeil, and
Newhouse 1994; Card, Fenizia, and Silver 2023; Gupta et al. 2024; Einav, Finkelstein, and Mahoney 2025).
Conditional Independence. For our instrument to be valid, the instrument must be uncorrelated with patient
potential outcomes, conditional on the baseline controls L.. We show several pieces of evidence supporting
conditional independence. First, Panel B of Figure 5 shows patient predicted 90-day mortality, a composite
index of patient pre-determined characteristics X, that are highly predictive of 90-day mortality (joint
F-statistic: 3,592), is well balanced across values of our instrument conditional on L..28

Second, we show in the empirical results below the robustness of our IV estimate to including various
different combinations of patient controls. Specifically, we divide patient observable characteristics into six
groups and estimate separate IV models that control for each of the 26 = 64 different combinations of patient

covariates. As presented in Section 5.3 below, our IV estimate is stable despite any combination of patient

27. The share of patients admitted to high-quality-rated nursing homes is higher than 50 percent, reflecting that high-quality-rated
nursing homes on average have larger patient volumes than low-quality-rated nursing homes.
28. Predicted 90-day mortality is generated from a linear regression of actual 90-day mortality on X..
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covariates. Following the reasoning of Altonji, Elder, and Taber (2005), this evidence indicates limited
selection bias due to either observed or unobserved patient characteristics that predict patient outcomes.

Third, we further apply two methods to account for possible selection on patient unobservable charac-
teristics: (i) we bound our estimates by allowing for selection on patient unobservables using an approach
by Oster (2019) (details in Appendix A.2); and (ii) following Altonji and Mansfield (2018), we control
for average characteristics of other patients living in the index patient’s zip code of residence, which can
absorb selection beyond the observable characteristics of the index patient. Section 5.3 below shows that our
estimate is stable.

Taken together, empirical evidence suggests that our IV estimate is unlikely to be driven by selection in

either observable or unobservable patient characteristics.
Exclusion Restriction. Rather than the effect of ratings on patient mortality, our study question is whether
ratings predict mortality, after accounting for patient selection bias. While there can exist other differences
between high- and low-quality-rated nursing homes correlated with ratings that influence patient mortality,
e.g., facility management quality, they can be viewed as mechanisms driving the relationship between nursing
home quality ratings and patient mortality.

A question is whether the estimated relationship between nursing home quality ratings and patient
mortality is driven by distance to other health care resources (e.g., hospitals) correlated with the instrument.
Yet this is not necessarily an exclusion restriction violation. Nursing homes located closer to hospitals may
be more able to transfer patients timely when needed, improving patient health and, in turn, quality ratings,
for which patient health outcomes are an input. That is, access to other health care resources may be a
mechanism driving high quality ratings and the finding that higher-rated nursing homes reduce mortality.
To further examine this question, in Section 5.3 we exclude patients with any hospital stays during the
mortality measurement window, thereby eliminating the direct effect of hospitals. We consistently find that
higher-rated nursing homes reduce patient mortality. We also include an analysis that controls for patients’
distances to the nearest hospital, the nearest large hospital (defined as having an annual patient volume
above the sample median), the nearest primary care physician, the nearest medical specialist, and the nearest
surgical specialist. If the estimated relationship between quality ratings and patient mortality is only driven
by distance to other health care resources, the IV estimate could change sizably. Yet we find that our IV
estimate is highly robust.

Monotonicity. In the presence of heterogeneous treatment effects, monotonicity must be assumed to interpret
the IV estimate as a LATE, i.e., the average effect among cases on the margin of being admitted to high-

versus low-quality-rated nursing homes. In our setting, monotonicity requires that cases admitted to high-
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quality-rated nursing homes when differential distance is high would also be admitted to high-quality-rated
nursing homes when differential distance is low, and vice versa.

Following the literature, we examine a testable implication of the monotonicity assumption: the first-stage
estimate should be consistent across subsamples defined by patient characteristics (e.g., Dahl, Kostgl, and
Mogstad 2014; Bhuller et al. 2020). Appendix Table A.2 shows the test. Specifically, we divide the sample by
patient characteristics including age, gender, race, Medicaid coverage in the prior year, disability status, and
predicted 90-day mortality and examine the first-stage effect separately for each subsample. Appendix Table
A.2 shows that for all subsamples, the first-stage estimates are negative and highly significant, supporting

the monotonicity assumption.

5.2 Results

Panel B of Figure 5 shows the reduced-form estimate: the relationship between patient 90-day mortality and
the instrument, conditional on the baseline controls L. Patient 90-day mortality increases significantly with
the instrument, whereas predicted 90-day mortality is well balanced across the instrument.

Table 2 reports the reduced-form and IV estimates for 90-day mortality, both of which are stable when
we add various patient controls. The IV estimate with the full set of controls (Panel B, Column 4) shows that,
relative to admission to low-quality-rated nursing homes, admission to high-quality-rated nursing homes
on average predicts a 0.8-percentage-point decline in 90-day mortality, equivalent to a 5.2 percent decrease
relative to the mean. This mortality reduction is notable, approximately equal to three-quarters of the returns
to Medicare eligibility, which lowers hospitalized patients’ 28-day mortality by 1.1 percentage points (Card,
Dobkin, and Maestas 2009).%

Figure 6 presents IV estimates for mortality measured at different horizons, ranging from 30 days to one
year since admission in monthly intervals. The estimations follow the model in Equations (2) and (3). The
figure shows a consistent pattern of mortality declines for follow-up periods up to one year: the estimates
increase in magnitude over the first 180 days and are stable thereafter. The persistence of mortality declines
over longer horizons indicates that high-quality-rated nursing homes prevent rather than merely temporarily
delay the deaths of fragile patients.

In Appendix Figure A.16, we examine heterogeneity in the relationship between nursing home quality

ratings and patient 90-day mortality by nursing homes’ responses to health inspections in total staff hours

29. In Appendix Table A.3, we characterize compliers following the approach developed by Abadie (2003) (details provided in
Appendix A.3). The table shows that relative to the average patient, compliers are slightly older (82.3 versus 81.0 years), likelier
to be female (61.1 versus 60.6 percentage points), less likely to be black (3.5 versus 9.4 percentage points), and less likely to be
disabled (12.5 versus 13.7 percentage points).
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(a highly salient response as shown in Section 4). We use an IV model analogous to that in Equations (2)
and (3).3° Among facilities with staff hour responses in the bottom three quartiles, admission to a high-
quality-rated nursing home predicts a statistically significant decline in patient 90-day mortality. In contrast,
the analogous relationship is smaller in magnitude and statistically insignificant among facilities in the top
quartile of responses. These results suggest that inspection ratings are more effective at predicting quality

when facilities exhibit weaker strategic responses to inspections.

5.3 Robustness

Appendix Figure A.17 shows the robustness of our IV estimate to the inclusion of different combinations
of patient controls. We first divide patient covariates into six groups: (i) five-year age-bin indicators; (ii)
gender; (iii) black race; (iv) Medicaid coverage in the prior year; (v) disability status; and (vi) indicators for
27 chronic conditions described in Section 5.1. Next, we run separate IV regressions controlling for each
of the 2% = 64 different combinations of patient covariates. For each n = 0, 1, ..., 6, we report in Appendix
Figure A.17 the mean, maximum, and minimum of the IV estimates using all possible combinations with n
subsets of patient covariates. For reference, we also plot the 95 percent confidence interval of the IV estimate
with only the baseline controls L.. The IV estimates are not statistically different despite controlling for
any combination of patient covariates, despite these covariates being strong predictors of patient 90-day
mortality (joint F-statistic of 3,592).

In Appendix Table A.4, we apply two methods to further account for possible selection on patient
unobservables: (i) we apply an approach by Oster (2019), bounding our estimate to account for possible
selection on patient unobservables (details in Appendix A.2); and (ii) we apply the method by Altonji and
Mansfield (2018) and control for patient unobservables by controlling for average characteristics of other
patients living in the index patient’s zip code of residence.?! We show that our estimates are stable.

Appendix Table A.5 reports additional robustness checks. Column 1 reports the baseline estimates for

30. Specifically, the empirical specification takes the form y. = Z§=l 1(Group,. = g) [mghighc + wlg] +Led1 + X B1 + €10,
where 1(Group,. = g) is an indicator for whether the nursing homes’ responses in total staff hours to health inspections is in the
top quartile or the bottom three quartiles. As a natural extension of our main IV model, we instrument for the interactions between
{I(Groupc =g) };;: , and high, by interacting {l(Group e =8) }5:1 with Z,., where Z, is the differential distance from a patient’s zip
code of residence to the nearest high-quality-rated nursing home versus the nearest low-quality-rated nursing home. As described in
Appendix A.1, to limit estimation noise, in estimating individual nursing homes’ responses we restrict the sample to nursing homes
with at least three health inspections during our study period. Thus, the sample for this heterogeneity analysis is smaller than that
for the main IV estimation, and the weighted average of the IV estimates in Appendix Figure A.16 is different from the main IV
estimate reported in Table 2.

31. These characteristics include average demographics and comorbidities that include five-year bin indicators for mean age, the
shares of patients who are female, black, disabled, and covered by Medicaid in the prior year, and the shares of patients with each of
the 27 chronic conditions described in Section 5.1 obtained using other patients living in the index patient’s zip code of residence,
as well as average socioeconomic characteristics that include per capita income, the share of individuals with a college degree, and
unemployment rates at the zip code level obtained from the 2015-2019 American Community Survey.
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reference. Column 2 excludes patients whose stays overlap with the two weeks before and the two weeks
after the last day of a health inspection, to limit the possibility that the estimated relationship between quality
ratings and patient survival is driven by nursing homes’ strategic responses during inspections. We show
that the estimates are robust. In Column 3, we construct the instrument using the patient’s zip code of
residence in the prior year, in case the current year’s zip code reflects the nursing home’s location. The
results are stable. Indeed, this concern is likely minimal in our setting: our sample includes only patients’ first
nursing home stays which are mostly short-stays, restricting the possibility that patients’ residence reflects
the nursing home’s location. Further, 95 percent of patients in our sample have the same zip code in the
year of the nursing home stay as in the prior year when they had no nursing home stay, a share equal to
that among Medicare beneficiaries with no nursing home stays in either year. Columns 4 and 5 examines
whether our IV estimate may be driven by access to other health care resources, e.g., hospitals, correlated
with our instrument. Column 4 restricts the sample to patients with no hospital stays in the 90 days since the
admission, to eliminate the direct effect of hospitals on 90-day mortality. Since patients with no hospital stay
are likely healthier and mortality effects of nursing home quality could be less pronounced among healthier
patients, the IV estimate could be smaller in magnitude compared to our main IV estimate. However, the
IV estimate remains negative and statistically significant at conventional levels.>> Column 5 adds controls
for patient distances to the nearest hospital, the nearest large hospital (defined as having an annual patient
volume above the sample median), the nearest primary care physician, the nearest medical specialist, and
the nearest surgical specialist, showing that the estimates are highly stable. Finally, Column 6 shows that our

estimates are robust when we cluster standard errors at a more aggregate level: county.

5.4 Individual Nursing Homes’ Mortality Effects and Quality Ratings

We further estimate individual nursing homes’ effects on patient 90-day mortality and correlate them with
quality ratings from health inspections. Specifically, we first estimate a nursing home survival value-added
model using a control function approach that leverages patients’ distance to each nursing home in the choice
set as excluded instruments to account for patient sorting into nursing homes, as in Einav, Finkelstein, and
Mahoney (2025). We then correlate individual nursing homes’ effects on patient 90-day mortality from the
control function approach with their quality ratings from health inspections. Appendix A.4 provides details

of this analysis.

32. A question is whether the sample excluding patients with hospital stays is balanced across the instrument, since patients’
probability of hospital admissions may be correlated with the instrument. We find that after excluding patients with hospital
admissions, if anything, patients with a higher differential distance to the nearest high-quality-rated nursing homes are healthier,
suggesting an underestimated effect of being admitted to high-quality-rated nursing homes on lowering patient mortality. However,
as described above, we consistently find that being admitted to high-quality-rated nursing homes reduces patient mortality.
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Figure 7 shows the results. We find a highly statistically significant decline in mortality effects with
higher quality ratings, consistently suggesting that inspection ratings on average are predictive of nursing
home quality. There is also notable dispersion around the regression line. Using a split-sample approach to
account for estimation noise, we find that 8.0 percent of the variance in nursing home mortality effects is
explained by quality ratings (details in Appendix A.5).33

Finally, we show that quality ratings based on nursing home performance on typical days—that is, days
relatively distant from health inspections—better predict nursing homes’ quality than do ratings based on
performance during inspections. Specifically, we construct predicted quality ratings using nursing homes’
performance on the outcomes examined in Section 4.2, measured on day -1 (the day that likely has the highest
share of nursing homes undergoing a full-day inspection) and during the period from 100 to 60 days before
the last inspection day (i.e., days [-100, -60], a window much less likely affected by inspections). Appendix
A.6 provides details on the construction of predicted quality ratings. Figure 8 reports the results, showing
two key patterns. First, conditional on nursing homes’ mortality effects, predicted quality ratings based on
day -1 are higher than those based on days [-100, -60], consistent with inspection-induced strategic responses
inflating quality ratings relative to the typical performance. Second, mortality effects decline more sharply
with predicted quality ratings based on days [-100, -60]. This pattern highlights a potential way to improve

the predictive power of quality ratings and render quality ratings a sharper signal of underlying quality.

6 Effects of Quality Deficiency Citations

The results thus far show the role of health inspections in capturing nursing home quality of care. In this
section, we examine the role of health inspections in incentivizing nursing home quality improvements. We
focus on quality deficiency citations, the key component of health inspections designed to enhance nursing

home quality of care. The citations are issued to facilities found in violation of quality standards by health

33. Our finding of a positive relationship between nursing home quality ratings from health inspections and patient survival is
consistent with Einav, Finkelstein, and Mahoney (2025), which finds a positive association between nursing homes’ five-star ratings
(including inspection-based five-star ratings) and their value added in improving patient health status, although there is sizable
dispersion around the regression line. Our finding also relates to Olenski and Sacher (2024), which reports a near-zero correlation
between nursing homes’ inspection-based five-star ratings and their effects on patient survival. Complementing these studies, we
examine the relationship between direct ratings from health inspections and nursing homes’ effects on patient survival. Notably,
inspection-based five-star ratings include ratings from both health inspections—on which we focus—and complaint investigations.
Different from health inspections, which are conducted on nearly all nursing homes with a relatively standardized scope, complaint
investigations are triggered by patient allegations and vary in scope depending on the complaints. Both the occurrence and the
content of complaint investigations can vary systematically across nursing homes given patient sorting into facilities. This can lead
to differences in how strongly health inspection ratings and inspection-based five-star ratings predict nursing home quality. This
difference is policy-relevant: it highlights the caveats of including nonstandardized evaluation content in five-star ratings, a key tool
used by CMS to guide patients and their families in choosing nursing homes.
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inspections and can lead to financial penalties.’ The potentially tougher reputation of regulators and the
salience of penalties associated with citations may incentivize nursing homes to improve care quality. The
citations may also reveal previously unknown care deficiencies, prompting facilities to address them. On the
other hand, policies may not always achieve intended effects. We study the effects of 14 key citations that are
relatively welfare-relevant and with related outcomes measurable in our data. Using an event-study design
that compares outcome changes at the cited nursing homes following a citation with changes at nursing
homes that never received the citation during our study period or in adjacent years, we find mixed results.
A number of citations lead to significant improvements in the related quality outcomes, whereas citations
that appear to have less precise evaluation criteria and potentially lower financial penalties have limited
effects. We also examine whether citations have spillover effects on non-cited quality dimensions and nearby

facilities, finding limited evidence.

6.1 Empirical Framework

We examine the effects of 14 key citations with related outcomes measurable in our data. While there
are various citations,> a large number of citations do not have related outcomes trackable in our data,
which include the PBJ, MDS, and Medicare claims—an extensive set of currently available data on nursing

homes.3°

We therefore examine the citations that have both relatively large welfare implications and
observable outcomes. Table 3 lists the CMS description of each studied citation and the related outcomes
we evaluate. For brevity, we assign a short name to each citation. Since CMS modified citation descriptions
during our study period, we present both versions of descriptions in Table 3. Appendix Figure A.18 shows

that a fair share of nursing homes receive each studied citation.

Our empirical specification is an event-study design:
yit = Z 67-Cltat10n; + ul' + nz + Xil‘lp + Sil’ (4)
T

where i indexes nursing homes, ¢ indexes year-quarters, and Citation/, denotes indicators for 7 quarters
relative to the quarter the nursing home received the citation. The vectors u; and 5, are nursing home and
year-quarter fixed effects, respectively. In our baseline specification, X;; is a dummy for whether the nursing

home has a health inspection in the quarter, to capture potential responses to health inspections shown in

34. Section 2 describes quality deficiency citations in more detail.

35. See https://data.cms.gov/provider-data/dataset/rSix-sfxw for the list of citations.

36. For example, we are unable to observe outcomes for citations such as “maintain comfortable sound levels” and “provide clean
bed and bath linens that are in good condition,” and outcomes for citations such as “provide necessary care and services to maintain
or improve the highest well-being of each resident” seem vague.
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Section 4. In Section 6.4 below, we also show the robustness of our estimates to excluding days around
health inspections and to adding various additional controls to X;;. Finally, &;, is the error term. We cluster
standard errors by nursing home.

The coeflicients of interest are 6 ’s. While we include all event quarters in the regression, we report d,’s
for 7=[-4, 8], as 6 ’s become noisier and less informative when 7 is further from zero due to declined sample
sizes. Along with a two-way fixed effects estimation (TWFE), we implement various estimators to correct
for potential bias in staggered treatment timing in the presence of treatment effect heterogeneity, including
De Chaisemartin and d’Haultfoeuille (2020), Callaway and Sant’Anna (2021), Sun and Abraham (2021), and
Borusyak, Jaravel, and Spiess (2024).

We obtain citations issued between 2015 and 2021. To limit the possibility that control nursing homes
are affected by citations, we focus our analysis on the three-year period from 2017 to 2019 and define control
nursing homes as those that never received a citation during 2015-2021. We define the treatment group as

nursing homes receiving the citation during 2017-2019 but never in at least the prior two years.?’

6.2 Main Results

Figure 9 reports the estimated ¢.’s, along with the outcome means for treated nursing homes during the
precitation period and for control nursing homes over the full analysis period. (We report the sample means
for the treated group in the precitation period to minimize the effects of citations.) While a direct comparison
of outcome means between treatment and control nursing homes is not meaningful for outcomes such as
work hours of nurses since, e.g., treatment and control facilities can differ in size, Figure 9 suggests that
nursing homes receiving citations appear to perform worse than those that do not in outcomes that may be
more comparable across facilities, such as whether having RNs for at least eight hours per day (a minimum
staffing requirement) and whether encoding and transmitting residents’ assessment data to the state within
seven days of assessment (a reporting requirement).®

Figure 9 shows that a number of citations lead to improvements in the examined outcomes. Reassuringly,
in most instances, there is no indication of diverging trends between treatment and control facilities prior
to the citation. In the instances where there appear to be diverging trends, the pre-trends seem unlikely to

qualitatively affect our conclusions. For example, though Panels A and N of Figure 9 suggest pre-trends,

37. For nursing homes receiving the same citation more than once during 2017-2019, we define the treatment date as the date of
the first citation. We show below in Section 6.4 that excluding nursing homes with repeated citations does not meaningfully affect
our estimates.

38. A related question is that, since Figure 9 reports the outcome means for treated and control nursing homes in the analysis
period prior to the citation and during our entire analysis period, respectively, whether the outcome mean differences between treated
and control nursing homes may be driven by time trends. To examine this possibility, we estimate the outcome mean differences
adjusting for quarter-year fixed effects, finding qualitatively similar results.
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the magnitudes are relatively small, and accounting for them may increase the estimated treatment effect but
is unlikely to qualitatively change our findings. Panel A of Figure 9 shows that a citation for violating the
standard requiring RNs to be on duty for at least eight hours per day increases the likelihood that nursing
homes comply with the standard by an average of more than five percentage points in the post-period, an
over 40 percent decrease in the likelihood of violation relative to the treatment group’s precitation mean.
The effect persists over time, lasting for at least eight quarters postcitation.>® We find similar patterns for
alternative citations. Panel C of Figure 9 shows that receiving a citation for not hiring a qualified full-
time social worker in facilities with more than 120 beds raises these nursing homes’ propensity to employ
a qualified full-time social worker. Figure 9 also shows that receiving a citation for underperformance in
developing and implementing policies and procedures for influenza and pneumococcal vaccinations increases
the share of residents receiving the two vaccines, and receiving citations for not adequately updating residents’
assessments at least once every three months and not encoding/transmitting assessment data to states within
seven days improve nursing homes’ performance in the corresponding outcomes. Appendix Table A.6 reports
the simple difference-in-differences estimates for the citations in Figure 9.

An important question is whether the improvements associated with citations reflect sustained changes or
merely temporary improvements around subsequent health inspections to avoid being cited again. In Section
6.4 below, we show that our estimates are similar when we exclude days around health inspections (from two
weeks before to two weeks after the inspection). This finding suggests that the improvements reported above
are not merely driven by temporary changes around subsequent health inspections.

It is also notable that some citations do not appear to affect the examined outcomes. For example, we
find no strong evidence that citations for not having sufficient nurse staffing (i.e., the nurse citations in Table
3) impact nurse hours. Similarly, we do not find that citations for non-medically necessary use of physical or
chemical restraints (i.e., the physical and chemical restraint citations) affect the likelihood that nursing home
residents receive these restraints. The citations related to pharmacist tasks (the pharmacist and medication
review citations) also do not seem to influence pharmacists’ hours.

We next explore differences between citations that lead to improvements and those that have limited
effects. An exhaustive examination is difficult, but we probe two areas: evaluation criteria and the amount
of financial penalties. Based on the CMS descriptions in Table 3, citations that lead to improvements seem
to have more precise evaluation criteria. For example, we observe significant improvements in response

to the RN citation “use a registered nurse at least 8 hours a day, 7 days a week” but not the nurse citation

39. The exact descriptions of citations changed with CMS’s modification as shown in Table 3. For simplicity, in the main text we
describe citations based on the earlier version.
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“have enough nurses to care for every resident in a way that maximizes the resident’s well being,” despite
the examined outcomes of the two citations being highly correlated as RNs are a subtype of nurses. The
RN citation seems precisely defined, while the nurse citation seems vague as “enough” could be subject to
interpretation. For other citations with clear evaluation criteria, e.g., “encode each resident’s assessment data
and transmit these data to the State within 7 days of assessment,” “hire a qualified full-time social worker in
a facility with more than 120 beds,” and “develop policies and procedures for influenza and pneumococcal
immunizations,” we also observe significant improvements in the examined outcomes after the citations.
With clear evaluation criteria, current citations may strongly predict future citations if the nursing home
does not improve the cited deficiency, potentially providing stronger incentives for nursing homes to invest in
improvements. It is also possible that clear evaluation criteria render the examined outcomes less fungible,
thereby increasing the likelihood of detecting an effect.*

Financial penalties may also be associated with whether a citation leads to improvements. Health
inspections categorize the scope of each cited deficiency based on the pervasiveness of the deficiency in
the facility—including isolated, a pattern, or widespread—as well as the severity level based on the impact
the deficiency has on patients’ safety (CMS 2023).*! A broader scope or higher severity level indicates
greater financial penalties. Although the data do not report fines for individual citations, it documents the
scope and severity of each citation. Appendix Figure A.19 displays the distribution of scopes and severity
levels for each examined type of citations. For RN and social worker citations which have a high share
of “widespread” scopes, we find significant effects in Figure 9. For pressure ulcer citations which have
a high average severity level, Figure 9 also suggests reducing effects. (The positive coefficients for event
quarter zero for pressure ulcers in Panel H of Figure 9 may reflect high pressure ulcer rates in the quarter
that lead to the citation. The panel suggests that pressure ulcers decline from event quarter one relative to
event quarter zero.) Interestingly, the evaluation criteria for pressure ulcer citations seem relatively vague

in Table 3. Their potentially high financial penalties as indicated in Panel B of Appendix Figure A.19 may

40. In addition to the examined outcomes, nursing homes may respond to some citations for which we find limited effects by
reducing patient volume or altering patient composition. For example, in response to nurse or dietary support staff citations, facilities
may lower patient volume to maintain adequate staffing levels without increasing staff hours; for rehabilitative service citations,
facilities may limit admissions of patients requiring rehabilitative services. In Section 6.4, we show that the estimated effects of
these citations remain limited when we control for patient census and patient characteristics.

41. Specifically, as described in CMS (2023), scope is isolated when “one or a very limited number of residents or employees is/are
affected and/or a very limited area or number of locations within the facility are affected,” a pattern when “more than a very limited
number of residents or employees are affected, and/or the situation has occurred in more than a limited number of locations but the
locations are not dispersed throughout the facility,” and widespread when “the problems causing the deficiency are pervasive (affect
many locations) throughout the facility and/or represent a systemic failure that affected, or has the potential to affect, a large portion
or all of the residents or employees.” For severity, there are four levels: level 1 representing “no actual harm with potential for
minimal harm,” level 2 representing ‘“no actual harm with a potential for more than minimal harm that is not immediate jeopardy,”
level 3 representing “actual harm that is not immediate jeopardy,” and level 4 representing “immediate jeopardy to resident health
or safety.”
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contribute to the effects. Overall, while suggestive, there appears to be a pattern that citations associated
with relatively precise evaluation criteria or relatively large financial penalties are more likely to lead to

significant improvements, shedding light on potential avenues to enhance the effectiveness of citations.

6.3 Spillover Effects on Other Quality Dimensions and Nearby Facilities

Given the significant effects of some citations presented above, we ask in this section whether citations have
spillover effects on non-cited quality dimensions and nearby facilities. We begin by examining whether
receiving a citation in one dimension affects the nursing home’s performance in non-cited dimensions. Such
within-facility spillovers may exist and be positive if citations induce general investments in care quality in
the facility. The spillovers may also be negative if nursing homes divert resources from the non-cited to the
cited dimensions or may not exist if investments in different quality dimensions are independent. Appendix
Figure A.20 displays the estimated effects of citations on non-cited outcomes, using the event-study design
described in Section 6.1. In each panel, we exclude nursing homes receiving a citation relevant to the
examined outcome to restrict confounding effects. Appendix Figure A.20 shows limited within-facility
spillover effects from cited to nondirectly cited quality metrics for most citations, including most citations
with significant effects on the cited metrics. Two main exceptions are that citations for underperformance in
updating residents’ assessments every three months lead to improved performance in transmitting assessment
data to states within seven days of assessments, and citations for underperformance in the latter metric lead
to small, short-run improvements in the former.*?

Next, we examine whether citations at a nursing home generate spillover effects on nearby facilities.
Geographic proximity may facilitate interactions, enabling knowledge spillovers from a cited facility that
affect nearby facilities’ beliefs about the probability and severity of citations. Not-yet-cited facilities may
invest in quality compliance to avoid future citations even though they are not cited. To explore geographical
spillovers, we define non-cited nursing homes within five miles of the cited facilities in our main estimation
sample in Section 6.2 as the treatment group and the remaining non-cited facilities located at least five miles
from any facilities cited between 2015 and 2021 as the control group. Results are qualitatively similar when
we use a lower cutoff of three miles or a higher cutoff of ten miles. Nursing homes receiving the citation
are excluded from both the treatment and control groups in this exercise. We estimate the effects using
the event-study design described in Section 6.1. Appendix Figure A.21 suggests limited spillover effects

from cited to nearby non-cited nursing homes. Put differently, citations do not appear to incentivize quality

42. Since Figure 9 shows that results are stable when using different estimators to account for potential bias due to staggered
treatment timing, in analyses in this subsection and robustness checks in Section 6.4 below, we present results using the estimator
by Callaway and Sant’Anna (2021).
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improvements beyond those in the cited facilities.

6.4 Robustness Checks

Appendix Figures A.22-A.23 and Appendix Table A.6 report robustness checks. Appendix Figure A.22
presents three analyses. First, we exclude days around health inspections (from two weeks before to two
weeks after the last day of each inspection) to limit the effect of responses to inspections. We show that
our estimates are stable. Second, we show that our estimates are robust to excluding from the control group
nursing homes close to the cited facilities (within five miles), to limit potential confounding from geographic
spillovers. Third, we show that our estimates are similar when we exclude nursing homes receiving the
same citation again during our analysis period. Appendix Figure A.23 shows that our estimates are virtually
unchanged when we add various nursing home time-varying characteristics and patient characteristics as
controls.** Column 6 of Appendix Table A.6 examines whether the estimated significant effects of citations
in Figure 9 may be driven by mean reversion, using the synthetic difference-in-differences estimation
(Arkhangelsky et al. 2021). The results are stable, suggesting that mean reversion is unlikely to explain the

findings.

7 Conclusion

In contracting out, monitoring is an important policy tool to extract firms’ quality information and incentivize
firms to provide quality. Yet high operating costs and fiscal constraints often lead monitoring to be conducted
on an intermittent rather than a continuous basis. Firms’ potential temporary efforts in response to inspections
raise the question of whether government monitoring can successfully capture and incentivize quality or
mainly lead to wasteful regulatory costs.

In this paper, we examine government monitoring of nursing homes’ quality of care. Nursing homes are
a sector with significant welfare implications, yet there are widespread concerns about their quality of care.
To monitor and incentivize care quality, CMS mandates health inspections of nursing homes. We find that
nursing homes show strong strategic responses to health inspections. Nursing homes increase the quantity
and quality of labor inputs, reduce admissions, increase temporary discharges, and improve patient care
(e.g., increase influenza and pneumococcal vaccinations) in response to the inspection. However, nearly all

the examined responses drop immediately once the inspection is completed. We also find heterogeneity in

43. The nursing home time-varying characteristics include for-profit status, hospital affiliation, total number of beds, and patient
census. For patient covariates, we include age, number of chronic health conditions, gender, black race, disability status, and
Medicaid coverage in the prior year, collapsed at the nursing-home-by-quarter level (the unit of observation in Equation (4)).
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the responses across nursing homes that suggests both incentives and the capacity to respond may drive the
gaming behavior. The strategic responses suggest that inspection ratings are unlikely to reflect firms’ absolute
quality. On the other hand, we find that inspection ratings on average reveal firms’ relative quality. We find a
positive relationship between nursing homes’ quality ratings from health inspections and quality as measured
by patient survival. Finally, we find effects of some quality deficiency citations on incentivizing sustained
improvements in the cited quality metrics. There appears to be a pattern in which citations with more precise
evaluation criteria and higher financial penalties are likelier to incentivize quality improvements, shedding
light on potential avenues to enhance the effectiveness of quality deficiency citations.

Our findings highlight the complex interplay between regulatory monitoring and firm behavior. We find
that firms’ gaming of government monitoring does occur. The strategic responses show that inspections
can overrate firms’ quality performance and underdetect quality deficiencies relative to their typical levels.
This finding is highly relevant given the reliance of common forms of regulation on firms’ absolute quality
assessments, such as certification and enforcing compliance with quality standards. In addition, there may
be unintended consequences of inspections (e.g., reduced admissions and increased potentially unnecessary
hospital transfers in our setting). Firms’ gaming responses should be taken into account when designing
regulatory inspection policies. On the other hand, inspection ratings on average reveal firms’ relative quality
(quality ranking), and quality deficiency citations can provide a means to incentivize firms to improve quality
when properly designed. Although a full analysis of the efficiency of regulatory inspections is beyond the

scope of this article, our findings provide important inputs to this calculation.
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Figure 1: Responses to Health Inspections: Quantity of Labor Inputs (Nursing Staff)
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Notes: This figure shows changes in staff work hours in response to health inspections. Panels A-D present the
results for nurses, nurse assistants, RNs, and LPNs, respectively. Each panel reports estimates and associated 95
percent confidence intervals from a separate regression of the examined work hours on indicators for days relative to
the last day of the inspection, conditional on the baseline controls (nursing-home-by-year, nursing-home-by-month,
and nursing-home-by-day-of-the-week indicators). Standard errors are clustered by nursing home. The unit of
observation is at the nursing-home-by-day level. The sample includes observations between -100 and 100 days
from the last day of each inspection, with days [-100, -31] set as the reference group. To avoid overlap, we exclude
a small share (0.3 percent) of inspections that have another inspection within 150 days. Since the coefficient
estimates become nearly zero for event days beyond 30, we report only the estimated coefficients for days [-30, 30]

for conciseness.
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Figure 2: Responses to Health Inspections: Quantity of Labor Inputs (Additional Staff)
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Notes: This figure shows changes in staff work hours in response to health inspections, with each panel representing
adifferent type of staff as shown in the panel title. Each panel reports estimates and associated 95 percent confidence
intervals from a separate regression of the examined work hours on indicators for days relative to the last day of
the inspection, conditional on the baseline controls (nursing-home-by-year, nursing-home-by-month, and nursing-
home-by-day-of-the-week indicators). Standard errors are clustered by nursing home. The unit of observation is
at the nursing-home-by-day level. The sample includes observations between -100 and 100 days from the last day
of each inspection, with days [-100, -31] set as the reference group. To avoid overlap, we exclude a small share
(0.3 percent) of inspections that have another inspection within 150 days. Since the coefficient estimates become
nearly zero for event days beyond 30, we report only the estimated coefficients for days [-30, 30] for conciseness.
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Figure 5: Relationship between Quality Rating and Quality: First Stage, Balance, and Reduced
Form

A. First Stage
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B. Balance and Reduced Form
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Notes: Panel A shows a binned scatter plot of whether the patient is admitted to a high-quality-rated (above-median)
nursing home versus the instrument, i.e., the differential distance from the patient’s zip code of residence to the
nearest high-quality-rated nursing home versus the nearest low-quality-rated nursing home, controlling for the
baseline control vector for the IV estimation (i.e., county-by-year indicators). Panel B shows binned scatter plots
of patient actual and predicted 90-day mortality on the y-axis versus the instrument on the x-axis, controlling for
the baseline control vector. The solid circles and line represent patients’ actual 90-day mortality. The hollow
circles and dashed line represent patients’ predicted 90-day mortality generated based on patient characteristics X,
included in Equations (2) and (3), including five-year age bins, gender, black race, Medicaid coverage in the prior
year, disability status, and 27 chronic conditions reported in the Chronic Conditions file of Medicare claims at the
start of the year of the nursing home admission. To construct the binned scatter plots, we first residualize both the
y-axis and x-axis variables with respect to the baseline controls and then add means back for ease of interpretation.
The coeflicients report the estimated slope of the best-fit line between the y-axis and x-axis variables (conditional
on the baseline control vector), with standard errors clustered by patient zip code reported in parentheses.
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Figure 6: Relationship between Quality Rating and Quality: IV Estimates for Alternative Mortality
Outcomes

Point estimate and 95% confidence interval

-2

30 60 90 120 150 180 210 240 270 300 330 365
Day

Notes: This figure reports I'V estimates of the relationship between admission to high-quality-rated (above-median)
nursing homes and patient mortality measured in a series of windows, from 30 days to one year since admission as
shown on the x-axis. The estimations follow the IV specification in Equations (2) and (3). The solid line connects
the point estimates. The dashed lines show the 95 percent confidence intervals. Standard errors are clustered by
patient zip code. The sample mean mortality rates for follow-up windows in the order shown on the x-axis are,
respectively, 6.8, 11.7, 15.1, 17.7, 19.8, 21.5, 23.1, 24.6, 25.9, 27.2, 28.4, and 29.7 percentage points.
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Figure 7: Relationship between Quality Rating and Quality: Nursing Home Mortality Effects and
Quality Ratings
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Mortality effect

Coefficient = -0.019 (0.002) .

12
250 -200 150 -100 .50 0
Quality rating

Notes: This figure shows a binned scatter plot of individual nursing homes’ effects on patient 90-day mortality versus
nursing homes’ quality ratings from health inspections (i.e., the negative of inspection scores). The coefficient
reports the estimated slope of the best-fit line between the y-axis and x-axis variables, with standard errors clustered
by choice set reported in parentheses. Section 5.4 and Appendix A.4 provide details of this analysis.
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Figure 8: Relationship between Quality Rating and Quality: Nursing Home Mortality Effects and
Predicted Quality Ratings Based on Days during and Distant from Health Inspections
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Notes: This figure shows binned scatter plots of individual nursing homes’ effects on patient 90-day mortality versus
their predicted quality ratings based on performance on day -1 (the day that likely has the largest share of nursing
homes undergoing a full-day inspection) and during the period from 100 to 60 days before the last inspection day
(days [-100, -60], a window relatively distant from and unlikely to be affected by inspections). The hollow and
solid circles report the results for predicted quality ratings based on day -1 and days [-100, -60], respectively. The
coeflicients report the estimated slope of the best-fit lines between the y-axis and x-axis variables, with standard
errors clustered by choice set reported in parentheses. Appendix A.6 provides details on the construction of the
predicted quality ratings.
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Figure 9: Effect of Quality Deficiency Citations
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Figure 9: Effect of Quality Deficiency Citations (Continued)
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Notes: This figure overlays event-study estimates (along with 95 percent confidence intervals) of the effect of
quality deficiency citations using five different estimators: TWFE, Borusyak, Jaravel, and Spiess (2024), Sun and
Abraham (2021), Callaway and Sant’Anna (2021), and De Chaisemartin and d’Haultfoeuille (2020) (see details in
Section 6.1). Each panel shows results for the citation listed in the panel title, with detailed descriptions of the
citation and the examined outcome described in Table 3. For the Borusyak, Jaravel, and Spiess (2024) estimator,
we include only three preperiods because including more preperiods considerably increases the standard errors for
the preperiod coefficients (Borusyak, Jaravel, and Spiess 2024). The unit of observation is at the nursing-home-
by-quarter level. Standard errors are clustered by nursing home.
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Table 1: Summary Statistics

Nursing
25th 75th Standard home
Mean percentile Median percentile deviation count  Observations

Panel A. Quantity of labor inputs (daily work hours)

Nursing staff 322.05 190.00 283.45 403.68 198.97 15,496 8,104,911
Nurse assistant 195.00 113.97 170.79 244.14 124.77 15,496 8,104,911
Nurse 127.06 71.68 109.89 161.50 81.92 15,496 8,104,911

RN 51.70 23.50 40.55 67.00 45.42 15,496 8,104,911
LPN 75.35 37.50 65.66 100.60 53.82 15,496 8,104,911

Social worker 7.69 0.00 7.75 10.00 9.19 15,496 8,104,911

Activities professional 13.67 5.03 8.75 18.50 14.53 15,496 8,104,911

Administrator 8.75 0.00 8.00 8.00 15.60 15,496 8,104,911

Dietitian 2.58 0.00 0.00 3.00 6.23 15,496 8,104,911

Physical therapist 6.61 0.00 4.00 8.55 9.32 15,496 8,104,911

Occupational therapist 6.34 0.00 3.68 8.42 8.89 15,496 8,104,911

Feeding assistant 491 0.00 0.00 0.00 18.04 15,496 8,104,911

Physical therapy assistant 9.77 0.00 6.88 15.00 12.11 15,496 8,104,911

Occupational therapy assistant 7.37 0.00 5.10 11.25 9.64 15,496 8,104,911

Speech/Language therapist 4.05 0.00 1.85 7.00 5.39 15,496 8,104,911

Respiratory therapist 1.63 0.00 0.00 0.00 10.62 15,496 8,104,911

Panel B. Quality of labor inputs

Share of nurse hours 0.40 0.34 0.39 0.45 0.09 15,496 8,096,725

Share of RN hours 0.41 0.25 0.38 0.54 0.21 15,496 8,093,382

Panel C. Admissions

Number of admissions 0.79 0.00 0.00 1.00 1.19 16,034 17,158,039

Panel D. Temporary discharges

Number of temporary discharges 0.23 0.00 0.00 0.00 0.52 16,034 17,158,039

Panel E. Patient care

Influenza vaccination 0.63 0.00 1.00 1.00 0.48 16,017 33,952,607

Pneumococcal vaccination 0.66 0.00 1.00 1.00 0.47 16,017 33,554,117

Antipsychotic use 0.17 0.00 0.00 0.00 0.37 16,018 34,575,039

Physician restraint 0.01 0.00 0.00 0.00 0.11 16,018 34,575,331

Notes: This table presents summary statistics for outcomes in the analysis of responses to health inspections, including
the mean, 25th percentile, median, 75th percentile, standard deviation, number of unique nursing homes, and number
of observations, from the leftmost to the rightmost column. The number of unique nursing homes and observations
varies across outcomes, with detailed explanations provided in footnote 18.
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Table 2: Admission to High-Quality-Rated Nursing Homes and 90-Day Mortality

(1) 2 3 “4)

Panel A. Reduced-form estimates
Differential distance 0.0120 0.0158 0.0154 0.0126
(0.0032) (0.0032) (0.0032) (0.0031)

Panel B. IV estimates
High-quality-rated nursing home  -0.7333 -0.9707 -0.9462 -0.7781
(0.1962)  (0.1981)  (0.1980)  (0.1935)

County-by-year indicators Yes Yes Yes Yes
Demographics No Yes Yes Yes
Medicaid coverage (prior year) No No Yes Yes
Comorbidities, disability No No No Yes
Outcome mean 15.08 15.08 15.08 15.08
Outcome S.D. 35.79 35.79 35.79 35.79
Observations 5,578,510 5,578,510 5,578,510 5,578,510

Notes: This table shows the relationship between admission to high-quality-rated (above-median) nursing homes and
patient 90-day mortality. Panel A reports the reduced-form estimates; Panel B reports the IV estimates. Patient
demographic controls include five-year age bin indicators, gender, and black race. We control for Medicaid coverage
in the prior year rather than the current year because nursing home stays may affect Medicaid coverage. Comorbidities
include the 27 chronic conditions reported in the Chronic Conditions file of Medicare claims at the start of the year of
the nursing home admission. For each patient covariate with missing values, we add an indicator for missing values
and replace the missing values with zero. Standard errors clustered by patient zip code are reported in parentheses.
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Appendix

A.1 Correlates of Nursing Homes’ Responses to Health Inspections

In this appendix, we describe our analysis of the correlates of nursing homes’ responses to health inspections.

We first estimate responses for each nursing home separately using the following specification:

k=100

ie = Y Bidl + 1,0+ e, (A.1)
k=-30

where y;; represents the outcome of interest on calendar day ¢ at nursing home 7, and d lkl denotes event day
indicators that take the value of one if day ¢ is k days away from the last day of an inspection. The analysis
includes observations ranging from -100 to 100 days from the last day of each inspection, with days [-100,
-31] set as the reference group. The coefficients of interest are B};, representing differences in outcomes
between a day that is k days away from the last day of an inspection and days in the reference group for nursing
home i. The vector I;; contains the baseline controls, i.e., year, month, and day-of-the-week indicators, which
capture potential systematic differences across time categories in the nursing home. Finally, €;; is the error
term. To limit estimation noise, we include only nursing homes with at least three health inspections during
our study period.

Next, we estimate the correlation between individual nursing homes’ responses to health inspections and
nursing home and area characteristics:

Vi = px; + Vi, (A.2)

where y; is nursing home i’s response to health inspections, x; is the characteristic of interest, and v; is the
error term. The coefficient of interest is p. Since event day -1 is the day of peak response for most outcomes
examined and presents statistically significant responses to health inspections for all outcomes that show
responses to inspections (see Section 4), we use % , estimated from Equation (A.1) to represent a nursing
home’s response to health inspections. We set 8. | to zero if it is statistically insignificant at the 10 percent
level. Results are qualitatively similar when we use an alternative cutoff of 5 percent. Since the responses in
antipsychotic and physical restraint use to health inspections are less precise, we do not include them in this

analysis.

A.2 Selection on Patient Unobservables

In this appendix, we describe our analysis that explores the robustness of the estimates presented in Section
5.2 to selection on patient unobservable characteristics. Specifically, using an approach by Oster (2019), we

report the adjusted coefficient estimate o* constructed as
e (A3)
where 6 and ¢ are the coefficient estimates from the regressions with the full set of patient covariates and no
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patient covariates, respectively; R and R are the corresponding R-squared values. Following Oster (2019),
we set , i.e., the relative degree of selection on observed and unobserved characteristics, equal to one and set
R, the maximum R-squared possible, equal to min(1, 1.3 x R). Since our baseline specification already
controls for county-by-time-category fixed effects, we use the R-squared after we partial out county-by-time-
category fixed effects. Column 3 of Appendix Table A.4 shows that the estimates adjusted for potential
selection on patient unobservables are similar to our main estimates, suggesting that our main estimates are

unlikely to be explained away by unobserved patient selection.

A.3 Characterizing Compliers

This appendix describes the examination of complier characteristics. Following the approach developed by

Abadie (2003), we estimate complier characteristics using the following 2SLS model:

xe X high, = mihigh, + LAy + &1 ¢, (A.4)
high, = mZ.+LcAx+ &2, (A.5)

where 7 is the parameter of interest, and x. Xhigh . denotes the interaction between each patient characteristic
and the indicator for admission to a high-quality-rated nursing home. Following the main estimation in
Equations (2) and (3), we cluster standard errors by patient zip code. Results are shown in Appendix Table
A.3. For each patient characteristic, we also compute the ratio between the complier mean and the overall

sample mean, along with the 95 percent confidence interval of each ratio.

A.4 Individual Nursing Homes’ Mortality Effects and Quality Rating

A4.1 Estimating Individual Nursing Homes’ Effects on Patient 90-day Mortality

In this appendix, we describe the estimation of each nursing home’s effect on patient 90-day mortality. To
account for non-random sorting of patients to nursing homes, we adopt a control function approach following
Dubin and McFadden (1984). We leverage distances between the patient’s residence and each nursing home
in their choice set as excluded instruments as in Einav, Finkelstein, and Mahoney (2025). Specifically,

assuming that the utility of case ¢ from nursing home i is
Uei = {I(Xc) = 7dei + Eeis (A.6)

where £; (X, ) denotes the average utility from nursing home i for patients with characteristics X, d.; denotes
the distance between case c’s zip code of residence and nursing home i’s zip code, and &.; denotes an error
term drawn i.i.d. from a Type I Extreme Value distribution.

Assuming that the control function is linear in the demeaned logit errors, then conditional on the choice

of nursing home n., patient observable characteristics X., and the demand shocks &.;, expected 90-day
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mortality for case ¢ can be written as

E[mc|Xe,ne = ivé‘clv--'sfclhl] =a; +X.p+ Z be(éce _/Jf)

telde

+(&ei — Hg), (A7)

where J.. represents case ¢’s choice set, and u s denotes the mean logit errors. As shown by Dubin and
McFadden (1984) and Einav, Finkelstein, and Mahoney (2025), integrating out the £’s yields

Z deyee

el

E[m | Xe¢,ne =1, &1, ---’fcl.l(,l] =a; +Xp+ + ©Yeis (A.8)

where y.¢’s are functions of p., i.e., the predicted probability that case ¢ chooses nursing home ¢ based on

the demand model in Equation (A.6):

: —log pee (=i
veely=1 " . (A.9)
157;?[' ~log pce  otherwise

As discussed in Einav, Finkelstein, and Mahoney (2025), ¢¢y.¢ controls for the unobserved correlation
between demand shocks for nursing home ¢ and the value added of the nursing home. For example, ¢,y.¢
can correct for the bias that would arise if patients in unobservably worse health sort into higher-quality
nursing homes. The term ¢vy,; corrects for potential correlation between demand shocks for the chosen
nursing home i and the value added of the nursing home beyond that captured by the ¢y ¢’s.

We define the choice set of nursing homes for each patient using an approach similar to Einav, Finkelstein,
and Mahoney (2025). Specifically, we start with Hospital Referral Regions (HRRs) and split large HRRs
into sub-HRRs for computational tractability. We define sub-HRRs as having over 80 percent of patients in
the 25 largest nursing homes. Of all HRRs, 161 satisfy this criterion, which are not split. The remaining
145 HRRs are divided into sub-HRRs as follows:

i. split each HRR into two groups which are geographically connected Hospital Service Areas (HSAs),
using k-means clustering on the longitude and latitude of HSA centroids to ensure that sub-HRRs are

geographically connected;
ii. repeat the above step until every sub-HRR satisfies the criterion or has only one HSA.

In total, we obtain 886 sub-HRRs. For a detailed discussion about the validity of this estimation approach,
see Einav, Finkelstein, and Mahoney (2025).

A.4.2 Correlation between Individual Nursing Homes’ Mortality Effects and Quality Rating

We next correlate the estimated individual nursing homes’ effects on patient 90-day mortality with quality

ratings from health inspections as follows:

&; = Arating; + &;, (A.10)
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where &; is nursing home i’s effect on patient 90-day mortality estimated in Appendix Section A.4.1, and
rating; is nursing home i’s quality rating from health inspections. In health inspection ratings, higher scores
represent lower quality performance; therefore, we take the negative of the scores so that higher values
represent higher quality ratings. We define rating; as the average of the nursing home’s ratings during our
study period 2014-2019. Finally, ¢; is the error term. We cluster standard errors by choice set, i.e., sub-HRR.
To limit the influence of estimation noise, we restrict the sample to nursing homes with at least 50 cases

when estimating A.

A.5 Estimating Variance of Nursing Home Mortality Effects

In this appendix, we describe our estimation of the variance of nursing home mortality effects, a;’s. To
account for sampling error due to the fact that @;’s are estimated on a finite sample, we leverage a split-sample
approach resembling that employed in earlier studies (e.g., Silver 2021; Chan and Chen 2022). Specifically,
we first randomly split a nursing home’s patients into two equal-sized partitions. We then estimate individual
nursing homes’ mortality effects using each partition separately as in Section A.4.1, yielding two fixed effect

estimates for each facility: &; 1 and &; 2. Suppressing the subscript i for simplicity, we have
ap=a+eppell, 2}

where p denotes partitions, and e, denotes partition-specific sampling error. We have Cov(a,e;) =
Cov(a,ez) = 0. By random split, we also have Cov(ej,e;) = 0. Thus, the variance of nursing home

mortality effects can be computed as the covariance of @ and &;:

Cov(&i,b7) = Cov(a+er,a+ep)

Cov(a, a) + Cov(a, ep) + Cov(eq, @) + Cov(eq, e3)

Var(a).

We first apply the split-sample approach to estimate the variance of a;’s, yielding a variance estimate of
12.3. Next, we apply the split-sample approach to estimate the variance of «;’s residualized with respect to
quality ratings from health inspections, yielding a variance estimate of 11.3. Taken together, 8.0 percent of

the variance in nursing home mortality effects is explained by quality ratings.

A.6 Predicted Quality Ratings

In this appendix, we describe the construction of nursing homes’ predicted quality ratings. First, we regress
nursing homes’ quality ratings from each health inspection on nursing home performance on day -1, i.e., the
day before the last inspection day and the day that likely has the largest share of nursing homes undergoing

a full-day inspection, as follows:
rating;, = X;;Q + &4, (A.11)
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where X;; includes the outcomes examined in Section 4.2, including the quantity and quality of labor inputs,
the number of admissions, the number of temporary discharges, and patient care. Based on Equation (A.11),
we generate nursing homes’ predicted quality ratings based on their performance on day -1.
Next, using the estimated Q from Equation (A.11), we predict nursing homes’ quality ratings based on
their performance during the period from 100 to 60 days before the last day of each health inspection.
Finally, we collapse predicted quality ratings to the nursing home level (a nursing home can have multiple
health inspections during our study period), and we estimate the correlation between nursing homes’ mortality

effects and predicted quality ratings using Equation (A.10).
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Figure A.1: Inspection Length Based on Reported Start and End Dates
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Notes: This figure shows the distribution of inspection length for health inspections between 2014 and 2019,
calculated as (inspection end date - start date + 1). As described in Section 3.1, this figure may overestimate
inspection length since inspections can begin later than the reported start dates. The distribution is winsorized at
the value of 30.
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Figure A.2: Health Inspection Timing
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Notes: This figure shows a histogram of the week of the year of health inspections based on inspection end dates.
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Figure A.3: Time between Adjacent Health Inspections

6

Percent

200 300 400 500 600

700 800
Number of days between adjacent inspections

Notes: This figure shows the number of days between adjacent health inspections calculated based on inspection
end dates. The distribution is winsorized at 100 and 800 days.
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Figure A.4: Responses to Health Inspections: Quantity of Labor Inputs (Additional Staff: Average
Daily Work Hours below One Hour)
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Notes: This figure shows changes in work hours in response to health inspections for staff with average daily work
hours below one hour, with each panel representing a different type of staff as shown in the panel title. Each panel
presents estimates and associated 95 percent confidence intervals from a separate regression of the examined work
hours on indicators for days relative to the last day of the inspection, conditional on the baseline controls (nursing-
home-by-year, nursing-home-by-month, and nursing-home-by-day-of-the-week indicators). Standard errors are
clustered by nursing home. The unit of observation is at the nursing-home-by-day level. The sample includes
observations between -100 and 100 days from the last day of each inspection, with days [-100, -31] set as the
reference group. To avoid overlap, we exclude a small share (0.3 percent) of inspections that have another inspection
within 150 days. Since the coefficient estimates become nearly zero for event days beyond 30, we report only the
estimated coeflicients for days [-30, 30] for conciseness.
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Figure A.5: Responses to Health Inspections: Quantity of Labor Inputs (Total Staff Hours)
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Notes: This figure shows changes in total staff hours (the sum of all staff hours in Panels A and B of Figure 1,
Figure 2, and Appendix Figure A.4) in response to health inspections. The figure presents estimates and associated
95 percent confidence intervals from regressing total staff hours on indicators for days relative to the last day of
the inspection, conditional on the baseline controls (nursing-home-by-year, nursing-home-by-month, and nursing-
home-by-day-of-the-week indicators). Standard errors are clustered by nursing home. The unit of observation is
at the nursing-home-by-day level. The sample includes observations between -100 and 100 days from the last day
of each inspection, with days [-100, -31] set as the reference group. To avoid overlap, we exclude a small share
(0.3 percent) of inspections that have another inspection within 150 days. Since the coefficient estimates become
nearly zero for event days beyond 30, we report only the estimated coefficients for days [-30, 30] for conciseness.
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Figure A.7: Responses to Health Inspections: Admissions by Patient Characteristics
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Notes: This figure reports changes in the number of admissions in response to health inspections by patient charac-
teristics. Panels A—F decompose admissions by patient age (< 80 versus > 80), gender, race, Medicaid coverage in
the prior year, disability status, and predicted 90-day mortality (below versus above median), respectively. The sum
of mean admission rates in each panel is slightly below the mean shown in Panel C of Figure 3 due to a small share
of missing values in the studied patient characteristic. Each panel presents estimates and associated 95 percent
confidence intervals from a separate regression of the examined admissions on indicators for days relative to the
last day of the inspection, conditional on the baseline controls (nursing-home-by-year, nursing-home-by-month,
and nursing-home-by-day-of-the-week indicators). Standard errors are clustered by nursing home. The unit of
observation is at the nursing-home-by-day level. The sample includes observations between -100 and 100 days
from the last day of each inspection, with days [-100, -31] set as the reference group. To avoid overlap, we exclude
a small share (0.3 percent) of inspections that have another inspection within 150 days. Since the coefficient
estimates become nearly zero for event days beyond 30, we report only the estimated coefficients for days [-30, 30]
for conciseness.
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Figure A.8: Responses to Health Inspections: Temporary Discharges Using Alternative Definitions
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Notes: This figure reports changes in the number of temporary discharges in response to health inspections, using
alternative definitions of temporary discharges: patients who were discharged and returned to a nursing home
within one week (Panel A) and three weeks (Panel B). Each panel presents estimates and associated 95 percent
confidence intervals from a separate regression of the examined outcome on indicators for days relative to the
last day of the inspection, conditional on the baseline controls (nursing-home-by-year, nursing-home-by-month,
and nursing-home-by-day-of-the-week indicators). Standard errors are clustered by nursing home. The unit of
observation is at the nursing-home-by-day level. The sample includes observations between -100 and 100 days
from the last day of each inspection, with days [-100, -31] set as the reference group. To avoid overlap, we exclude
a small share (0.3 percent) of inspections that have another inspection within 150 days. Since the coefficient
estimates become nearly zero for event days beyond 30, we report only the estimated coefficients for days [-30, 30]
for conciseness.
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Figure A.9: Responses to Health Inspections: Temporary Discharges by Patient Characteristics
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Notes: This figure reports changes in the number of temporary discharges in response to health inspections by
patient characteristics. Panels A—F decompose temporary discharges by patient age (< 80 versus > 80), gender, race,
Medicaid coverage in the prior year, disability status, and predicted 90-day mortality (below versus above median),
respectively. The sum of mean temporary discharges in each panel is slightly below the mean shown in Panel D of
Figure 3 due to a small share of missing values in the studied patient characteristic. Each panel presents estimates
and associated 95 percent confidence intervals from a separate regression of the examined temporary discharges
on indicators for days relative to the last day of the inspection, conditional on the baseline controls (nursing-home-
by-year, nursing-home-by-month, and nursing-home-by-day-of-the-week indicators). Standard errors are clustered
by nursing home. The unit of observation is at the nursing-home-by-day level. The sample includes observations
between -100 and 100 days from the last day of each inspection, with days [-100, -31] set as the reference group.
To avoid overlap, we exclude a small share (0.3 percent) of inspections that have another inspection within 150
days. Since the coefficient estimates become nearly zero for event days beyond 30, we report only the estimated
coefficients for days [-30, 30] for conciseness.
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Figure A.13: Inspection Timing and Nursing Home Characteristics

A. For-profit Status B. Prior Health Inspection Five-star Rating

1 1 21 31 41 51
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Notes: This figure shows mean characteristics of nursing homes versus the week of the year of the inspection.
Panels A-E report results for for-profit status, five-star rating from the prior health inspection, overall five-star
rating in the prior cycle, hospital affiliation, and total number of beds, respectively.

A.19



Figure A.14: Inspection Timing and Nursing Home Characteristics (Binned Scatter Plots)

A. For-profit Status

B. Prior Health Inspection Five-star Rating
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Notes: This figure shows binned scatter plots of nursing home characteristics versus the week of the year of the
inspection, conditional on state-by-year fixed effects. To construct these binned scatter plots, we first residualize
both the y-axis and x-axis variables with respect to state-by-year indicators and then add means back. The
coefficients report the estimated slope of the best-fit line between the y-axis and x-axis variables (conditional on
state-by-year fixed effects), with standard errors clustered by nursing home reported in parentheses. Panels A-E
report results for for-profit status, five-star rating from the prior health inspection, overall five-star rating in the

1 1 21 31 41 51

Week of year of inspection

Week of year of inspection

prior cycle, hospital affiliation, and total number of beds, respectively.
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Figure A.16: Relationship between Quality Rating and Quality: Heterogeneity by Response to
Health Inspections

54

Bottom thrée quartiles Top qhartile

Point estimate and 95% confidence interval

Notes: This figure reports heterogeneity in I'V estimates of the relationship between admission to high-quality-rated
nursing homes (above-median) and patient 90-day mortality. The bottom three quartiles and top quartile refer to
nursing homes whose responses in total staff hours are in the bottom three quartiles and top quartile, respectively.
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Figure A.17: Relationship between Quality Rating and Quality: Stability of IV Estimates with
Varying Patient Controls
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Notes: This figure shows the robustness of our IV estimate of the relationship between admission to high-quality-
rated (above-median) nursing homes and patient 90-day mortality to the inclusion of different sets of patient
controls. We divide patient characteristics into six subsets: (i) five-year age-bin indicators; (ii) gender; (iii) black
race; (iv) Medicaid coverage in the prior year; (v) disability status; and (vi) indicators for 27 chronic conditions
at the start of the year of the nursing home admission. We then run separate regressions that control for each of
the 2° = 64 different combinations of patient covariates. Each 7 on the x-axis represents the number of covariate
subsets included. For each n, the figure reports the mean, minimum, and maximum of the estimated I'V coefficients
using all possible combinations with n (out of six) subsets of patient covariates. The connected line shows the
mean of the estimated IV coefficients. The dashed lines connect the minimum and maximum of the estimated IV
coefficients. The dotted lines show the 95 percent confidence interval of the IV estimate with only the baseline
controls (i.e., county-by-year indicators), with the standard error clustered by patient zip code.
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Figure A.18: Share of Health Inspections with Each Quality Deficiency Citation

RN

Nurse

Social worker
Dietary support staff
Rehabilitative service
Medication review
Pharmacist

Pressure ulcer
Vaccination

Physical restraint

Chemical restraint

Assessment every 3 months

Assessment transmitted in
<7 days

Share

Notes: This figure reports the share of health inspections with each citation listed on the y-axis. Table 3 describes
each citation in detail.

A24



Figure A.19: Scope and Severity of Quality Deficiency Citations

A. Scope
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B. Severity
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Notes: This figure reports the scope and severity levels of each citation listed on the y-axis. Table 3 describes each
citation in detail.
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Figure A.20: Effect of Quality Deficiency Citations on Other Quality Dimensions
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Figure A.20: Effect of Quality Deficiency Citations on Other Quality Dimensions (Continued)
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Figure A.20: Effect of Quality Deficiency Citations on Other Quality Dimensions (Continued)
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Figure A.20: Effect of Quality Deficiency Citations on Other Quality Dimensions (Continued)

Y. Assessment Transmitted in < 7 days Z. Assessment Transmitted in < 7 days
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Notes: This figure overlays event-study estimates (along with 95 percent confidence intervals) of the effect of
receiving a citation on outcomes not directly related to the citation. Since results are qualitatively similar when
using various estimators in Figure 9, for readability this figure reports results using one estimator: Callaway and
Sant’Anna (2021). Each panel shows estimates of the effect of the citation described in the panel title on outcomes
described in the legend. For readability, some estimates (and their confidence intervals) are scaled up and down by,
e.g., 100, as indicated by “x 100” and “/100” in the legend, respectively. Table 3 provides details of each citation
and outcome. The unit of observation is at the nursing-home-by-quarter level. Standard errors are clustered by
nursing home.
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Figure A.21: Effect of Quality Deficiency Citations on Nearby Facilities
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Figure A.21: Effect of Quality Deficiency Citations on Nearby Facilities (Continued)
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Notes: This figure displays event-study estimates (along with 95 percent confidence intervals) of the effect of a
citation on nearby nursing homes (within five miles of cited nursing homes). Since results are qualitatively similar
when using various estimators in Figure 9, this figure reports results using one estimator: Callaway and Sant’Anna
(2021). Each panel shows estimates of the effect of the citation described in the panel title on the corresponding
outcome described in Table 3. The unit of observation is at the nursing-home-by-quarter level. Standard errors are
clustered by nursing home.
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Figure A.22: Effect of Quality Deficiency Citations on the Cited Quality Dimension: Robustness to
Excluding Days around Health Inspections, Nearby Facilities, and Facilities with Repeated Citations
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Figure A.22: Effect of Quality Deficiency Citations on the Cited Quality Dimension: Robustness to
Excluding Days around Health Inspections, Nearby Facilities, and Facilities with Repeated Citations
(Continued)
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Notes: Each panel shows estimates (along with 95 percent confidence intervals) of the effect of the citation described
in the panel title on the corresponding outcome described in Table 3. Since results are qualitatively similar when
using various estimators in Figure 9, for readability this figure reports results using one estimator: Callaway and
Sant’Anna (2021). The circles, squares, triangles, and diamonds show, respectively, our main estimates reported in
Figure 9, the estimates excluding from the analysis sample days around health inspections (from two weeks before
to two weeks after an inspection), the estimates excluding from the control group nursing homes near cited nursing
homes (within five miles), and the estimates excluding from the treatment group nursing homes receiving the same
citation again in our study period. The unit of observation is at the nursing-home-by-quarter level. Standard errors
are clustered by nursing home.
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Figure A.23: Effect of Quality Deficiency Citations on the Cited Quality Dimension: Robustness
to Patient and Nursing Home Covariates
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Figure A.23: Effect of Quality Deficiency Citations on the Cited Quality Dimension: Robustness
to Patient and Nursing Home Covariates (Continued)
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Notes: This figure shows the robustness of the estimated effect of citations to including patient characteristics and
nursing home time-varying characteristics as controls. Since results are qualitatively similar when using various
estimators in Figure 9, for readability this figure reports results using one estimator: Callaway and Sant’Anna
(2021). The circles, squares, and triangles show, respectively, the main estimates in Figure 9, the estimates
controlling for patient characteristics, and the estimates controlling for patient and nursing home time-varying
characteristics. Patient characteristics include age, gender, black race, disability status, Medicaid coverage in the
prior year, and the number of the 27 chronic conditions reported in the Chronic Conditions file of Medicare claims
at the start of the year of the nursing home admission, collapsed at the nursing-home-by-quarter level. Nursing
home time-varying characteristics include an indicator for for-profit status, an indicator for hospital affiliation, the
number of beds, and average daily patient census. Each panel shows estimates and 95 percent confidence intervals
of the effect of the citation described in the panel title on the corresponding outcome described in Table 3. The
unit of observation is at the nursing-home-by-quarter level. Standard errors are clustered by nursing home.
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Table A.1: Relationship between Quality Rating and Quality: Characteristics of Analysis Sample

By nursing home quality rating

All Low High p-value

Age 81.02 80.79 81.21 <0.01
[8.31] [8.35] [8.28]

Female 0.61 0.60 0.61 <0.01
[0.49] [0.49] [0.49]

Black 0.09 0.11 0.08 <0.01
[0.29] [0.31] [0.28]

Medicaid coverage (prior year) 0.18 0.20 0.16 <0.01
[0.38] [0.40] [0.37]

Number of comorbidities 5.34 5.36 5.32 <0.01
[2.94] [2.97] [2.91]

Disability 0.14 0.15 0.13 <0.01
[0.34] [0.36] [0.33]

90-day mortality 15.08 15.99 14.37 <0.01
[35.79] [36.65] [35.08]

Observations 5,578,510 2,439,441 3,139,069

Notes: Column 1 shows average characteristics of all patients in our main IV analysis of the relationship between
admission to high-quality-rated (above-median) nursing homes and patient 90-day mortality. Columns 2 and 3 show
average characteristics of patients admitted to low-quality-rated (below-median) and high-quality-rated (above-median)
nursing homes, respectively. Standard deviations are reported in brackets; p-values of ¢-tests for the equivalence of
means between patients in Columns 2 and 3 are shown in the last column.
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Table A.2: Relationship between Quality Rating and Quality: First Stage (Split Sample)

Percent admitted to  First-stage
Observations  high-quality-rated estimate

Age >80 2,954,510 57.23 -1.80
(0.02)
Age <= 80 2,623,032 55.19 -1.46
(0.01)
Female 3,382,265 57.06 -1.65
(0.01)
Male 2,195,289 55.05 -1.62
(0.02)
Black 520,737 49.55 -1.55
(0.03)
Non-black 5,028,704 56.97 -1.63
(0.01)
Medicaid coverage (prior year) 986,001 50.45 -1.66
(0.02)
No Medicaid coverage (prior year) 4,588,891 57.53 -1.62
(0.02)
Disability 762,284 52.38 -1.51
(0.02)
No disability 4,814,630 56.89 -1.66
(0.01)
Predicted mortality above median 2,788,764 55.66 -1.73
(0.02)
Predicted mortality below median 2,788,756 56.88 -1.54
(0.01)

Notes: This table shows the first-stage estimates for patients of different characteristics. Column 1 reports the number
of observations for each subset of patients. The sum of observations in subsamples split by patient characteristics is
smaller than the total number of observations shown in Table 2 due to missing values in patient characteristics. Column
2 reports the share of patients in each subset admitted to high-quality-rated nursing homes. The share of patients
admitted to high-quality-rated nursing homes is larger than 50 percent, reflecting that high-quality-rated nursing homes
on average have higher patient volumes than low-quality-rated nursing homes. Column 3 reports the first-stage estimates
for each subset of patients conditional on the baseline control vector (county-by-year indicators), with standard errors
clustered by patient zip code reported in parentheses.
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Table A.3: Relationship between Quality Rating and Quality: Complier Characteristics

All  Compliers Ratio

Age 81.02 82.30 1.02
(0.056) [1.01, 1.02]
Female 0.606 0.611 1.01
(0.002) [1.00, 1.01]
Black 0.094 0.035 0.37
(0.003) [0.31, 0.43]
Medicaid coverage (prior year) 0.177 0.177 1.00
(0.003) [0.96, 1.04]
Number of comorbidities 5.341 5.2717 0.99
(0.017) [0.98, 0.99]
Disability 0.137 0.125 0.91
(0.002) [0.89, 0.94]
Predicted 90-day mortality 15.08 15.55 1.03

(0.031) [1.03, 1.04]

Notes: Columns 1 and 2 report average characteristics of the overall sample and compliers, respectively. Standard
errors are reported in parentheses. Column 3 reports the ratio between the complier mean and the overall sample mean,
with the 95 percent confidence interval of each ratio shown in brackets. Predicted 90-day mortality is generated from
a linear regression of actual 90-day mortality on patient characteristics X; included in Equations (2) and (3).
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Table A.4: Relationship between Quality Rating and Quality: Robustness to Selection on Unob-
servables

Control for local mean
Bias_corrected Altonjl and Mansﬁeld

Baseline Main Oster (2019) (2018)
(H (2) (3) 4)

Panel A. First-stage estimates (unit: percentage points)
Point estimate -1.6347  -1.6218 -1.6000 -1.6080
Standard error (0.0144) (0.0142) (0.0140)
Panel B. Reduced-form estimates
Point estimate 0.0120 0.0126 0.0128 0.0086
Standard error (0.0032) (0.0031) (0.0031)
Panel C. IV estimates
Point estimate -0.7333  -0.7781 -0.8000 -0.5376
Standard error (0.1962) (0.1935) (0.1926)

Notes: This table shows the robustness of our estimates for the relationship between admission to high-quality-rated
nursing homes and patient 90-day mortality to accounting for potential selection on patient unobservables using
approaches by Altonji and Mansfield (2018) and Oster (2019). Column 1 reports the baseline estimates with only the
baseline control vector for the IV analysis (i.e., county-by-year indicators). Column 2 reports the main estimates with
the full set of controls included in Equations (2) and (3). Column 3 reports the estimates adjusting for potential selection
on patient unobservables using an approach by Oster (2019) (details described in Appendix A.2). Column 4 follows
Altonji and Mansfield (2018) and reports the estimates adjusting for potential selection on patient unobservables by
controlling for average demographics and comorbidities that include five-year bin indicators for mean age, the shares
of patients who are female, black, disabled, and covered by Medicaid in the prior year, and the shares of patients with
each of the 27 chronic conditions described in Section 5.1 obtained using other patients living in the index patient’s
zip code of residence, as well as average socioeconomic characteristics that include per capita income, the share of
individuals with a college degree, and unemployment rates at the zip code level obtained from the 2015-2019 American
Community Survey. Panels A, B, and C report the first-stage, reduced-form, and IV estimates, respectively. The unit
of the outcome variable in the first-stage estimates is percentage points.
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Table A.5: Relationship between Quality Rating and Quality: Robustness Checks

Prior Exclude Add Std. error
Exclude year hospital distance  clustered
Main overlap  residence stay controls by county
(D (2) 3) 4) (5) (6)
Panel A. First-stage estimates (unit: percentage points)
Differential distance -1.6218 -1.5843 -1.5282 -1.6375 -1.6226 -1.6218
(0.0142)  (0.0146)  (0.0136)  (0.0143)  (0.0141)  (0.0299)
Panel B. Reduced-form estimates
Differential distance 0.0126 0.0132 0.0118 0.0056 0.0133 0.0126
(0.0031)  (0.0036)  (0.0031)  (0.0032)  (0.0031)  (0.0037)
Panel C. IV estimates
High-quality-rated nursing home  -0.7781 -0.8350 -0.7801 -0.3405 -0.8167 -0.7781
(0.1935)  (0.2295)  (0.2014)  (0.1935)  (0.1934)  (0.2238)
Full controls Yes Yes Yes Yes Yes Yes
Outcome mean 15.08 16.25 15.08 9.75 15.08 15.08
Outcome S.D. 35.79 36.89 35.79 29.66 35.79 35.79

Observations 5,578,510 4,507,940 5,574,890 3,889,395 5,578,510 5,578,510

Notes: Panels A, B, and C report the first-stage, reduced-form, and IV estimates, respectively. The unit of the
outcome variable in the first-stage estimates is percentage points. Column 1 replicates the main estimates in
Column 4 of Table 2. Column 2 shows the robustness of our estimates to excluding patients whose stays overlap
with a health inspection, i.e., those whose stays overlap with the interval from two weeks before to two weeks after
the end date of a health inspection. Column 3 shows the robustness of our estimates to defining the instrument
based on the patient’s zip code of residence in the prior year. Column 4 restricts the sample to patients with no
hospital stays in the 90 days since the admission (matching the measurement window for the outcome variable
90-day mortality). Column 5 adds controls for patient distance to the nearest hospital, the nearest large hospital
(defined as having an annual patient volume above the sample median), the nearest primary care physician, the
nearest medical specialist, and the nearest surgical specialist. Columns 1-5 cluster standard errors by patient zip
code of residence. Column 6 shows the robustness of our estimates to clustering standard errors by patient county
of residence. The set of full controls is that included in Equations (2) and (3), including county-by-year indicators,
five-year age bins, gender, race, disability status, Medicaid coverage in the prior year, and the 27 chronic conditions
reported in the Chronic Conditions file of Medicare claims at the start of the year of the nursing home admission.
For each patient covariate with missing values, we add an indicator for missing values and replace the missing
values with zero.
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Table A.6: Effects of Quality Deficiency Citations

Callaway  De Chaisemartin ~ Synthetic

Borusyak  Sun and and and difference-
et al. Abraham Sant’Anna  d’Haultfoeuille in-
TWFE (2024) (2021) (2021) (2020) differences
() (2) (3) (4) (%) (6)
RN 0.0445 0.0591 0.0494 0.0925 0.0693 0.0541
(0.0072)  (0.0096)  (0.0026)  (0.0143) (0.0106) (0.0171)
Nurse 0.7807 0.8503 0.7093 0.7469 0.5065 -1.0217
(0.6611) (0.7368)  (0.4332)  (0.8394) (0.6350) (1.2113)
Social worker 0.0478 0.0868 0.0865 0.1782 0.1331 0.1017
(0.0492)  (0.0423) (0.0197)  (0.0726) (0.0610) (0.0631)
Dietary support staff 0.2190 0.1550 -0.2143 0.5400 0.4962 0.8045
(0.4066) (0.4835) (0.3715)  (0.5020) (0.3567) (0.5009)
Rehabilitative service 0.2934 0.9686 0.6095 1.0007 0.6029 0.0844
(0.6982)  (0.7591)  (0.4553)  (1.1106) (0.8200) (1.9336)
Medication review 0.0090 0.0067 0.0010 -0.0139 -0.0102 -0.0009
(0.0120) (0.0135) (0.0102)  (0.0195) (0.0151) (0.0305)
Pharmacist 0.0054 0.0055 0.0029 0.0162 0.0119 0.0094
(0.0104) (0.0113) (0.0118)  (0.0134) (0.0106) (0.0193)
Pressure ulcer -0.0006  -0.0022 0.0011 -0.0231 0.0010 -0.0005
(0.0009) (0.0010)  (0.0006)  (0.0044) (0.0011) (0.0017)
Vaccinations (influenza) 0.0113 0.0149 0.0152 0.0209 0.0162 0.0238
(0.0039) (0.0045)  (0.0028)  (0.0068) (0.0053) (0.0091)
Vaccinations (pneumococcal) 0.0153 0.0188 0.0157 0.0253 0.0195 0.0141
(0.0050)  (0.0056)  (0.0025)  (0.0068) (0.0055) (0.0125)
Physical restraint 0.0018 0.0013 0.0008 0.0002 0.0004 0.0011
(0.0013) (0.0016)  (0.0010)  (0.0024) (0.0019) (0.0016)
Chemical restraint -0.0080  -0.0110 -0.0084 -0.0100 -0.0078 -0.0005
(0.0070)  (0.0073)  (0.0054)  (0.0108) (0.0084) (0.0111)
Assessment every 3 months 0.0201 0.0268 0.0243 0.0355 0.0317 0.0248
(0.0084) (0.0095) (0.0055) (0.0116) (0.0097) (0.0135)
Assessment transmitted in < 7 days  0.0475 0.0525 0.0531 0.0808 0.0642 0.0901
(0.0065) (0.0072)  (0.0044)  (0.0094) (0.0074) (0.0170)

Notes: This table reports the simple difference-in-differences estimate of the effect of each citation on the corre-
sponding outcome described in Table 3 using TWFE, Borusyak, Jaravel, and Spiess (2024), Sun and Abraham
(2021), Callaway and Sant’Anna (2021), De Chaisemartin and d’Haultfoeuille (2020), and synthetic difference-in-
differences (Arkhangelsky et al. 2021) (see details in Section 6.1). The unit of observation is at the nursing-home-
by-quarter level. Standard errors are clustered by nursing home.
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