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Abstract 
Problem definition: The U.S. nursing home industry has suffered decades-long understaffing and 
high worker turnover, with 99% of nursing homes surveyed in 2021 reporting being short-staffed. 
Although it is known that understaffing can reduce the quality of nursing home services and care, 
we examine the under-recognized possibility that understaffing may harm patients by incentivizing 
unethical behavior.  
Methodology/results: We empirically study the causal relationship between nursing home staffing 
and “chemical restraints,” i.e., the use of antipsychotic medications to improperly sedate difficult 
patients with dementia. Using nationwide data obtained from the U.S. Centers for Medicare & 
Medicaid Services through Freedom of Information Act requests, our causal analyses exploit local 
market wages for nurses and changes in states’ minimum-staffing regulations as sources of 
exogenous variation in nursing homes’ staffing levels. We find that, on average, every 15 minutes 
of increased daily nurse staffing hour per resident reduces a nursing home’s usage of antipsychotic 
drugs by 1.51 residents or approximately 1.54% of its resident population.  
Managerial implications: Our findings demonstrate a robust causal relationship between staffing 
and the widespread use of potentially abusive and harmful practices, raising the alarm for managers 
and policymakers alike. In particular, our estimates predict that the new federal minimum staffing 
standards for nursing homes introduced in April 2024 will reduce the nationwide usage of 
antipsychotic drugs by 24,148 nursing home residents, or 9.6%. 
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Problem definition: The U.S. nursing home industry has suffered decades-long understaffing and high

worker turnover, with 99% of nursing homes surveyed in 2021 reporting being short-staffed. Although it is

known that understaffing can reduce the quality of nursing home services and care, we examine the under-

recognized possibility that understaffing may harm patients by incentivizing unethical behavior.

Methodology/results: We empirically study the causal relationship between nursing home staffing and

“chemical restraints,” i.e., the use of antipsychotic medications to improperly sedate difficult patients with

dementia. Using nationwide data obtained from the U.S. Centers for Medicare & Medicaid Services through

Freedom of Information Act requests, our causal analyses exploit local market wages for nurses and changes

in states’ minimum-staffing regulations as sources of exogenous variation in nursing homes’ staffing levels. We

find that, on average, every 15 minutes of increased daily nurse staffing hour per resident reduces a nursing

home’s usage of antipsychotic drugs by 1.51 residents or approximately 1.54% of its resident population.

Managerial implications: Our findings demonstrate a robust causal relationship between staffing and the

widespread use of potentially abusive and harmful practices, raising the alarm for managers and policymakers

alike. In particular, our estimates predict that the new federal minimum staffing standards for nursing homes

introduced in April 2024 will reduce the nationwide usage of antipsychotic drugs by 24,148 nursing home

residents, or 9.6%.

1. Introduction

Nursing homes have weathered a nationwide staffing crisis over the past twenty years. Cost-cutting

has swept a $147 billion market industry in which two-thirds of homes operate for profit, while

private equity firms have expanded their investments in the industry from $5 billion in 2000 to over

∗The authors thank Angel Chung for critical research assistance and data collection during the early stages of this
research. We also thank the participants of MSOM 2024 conference and the INFORMS 2024 Annual Meeting for
their feedback. The research reported in this working paper was supported by the Pension Research Council of the
University of Pennsylvania.The content is solely the responsibility of the authors and does not necessarily represent
the official views of the National Institutes of Health.
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$100 billion in 2018 (Kang 2022, Appelbaum and Batt 2020). In states such as Texas, profit motives

in tandem with low Medicaid reimbursement rates have been cited as depressing nursing home

wages below those of McDonald’s fast food locations and leading the nursing staff at many facilities

to turn over at rates exceeding 100% annually (King 2016, Kang 2022). Nationwide, short-staffing

and burnout are among the factors driving 30% of nurses in the U.S. nursing home industry to

leave entirely within two years (Reiland 2022).

The recent COVID-19 pandemic further exposed such systemic issues and brought them to a

head. As of March 2022, 28% of nursing facilities reported staff shortages to the Centers for Medi-

care and Medicaid Services (CMS) (Ochieng et al. 2022), and 99% of nursing homes surveyed by

the American Health Care Association and National Center for Assisted Living in September 2021

reported being currently short-staffed (AHCA 2021). 58% of such nursing homes restricted their

patient admissions (AHCA 2021), leading to 21% longer stays at hospitals for patients eventually

discharged into nursing home care (Chatterjee 2022). Since such extended stays consume critical

hospital capacity, states including Indiana, Maine, Minnesota, New Hampshire, New Jersey, and

New York deployed their National Guard units to assist in nursing home care (Jacobs 2021). All

told, 238,000 caregivers left the industry after the pandemic began (BLS 2022).

The estimated effects on patient care are sobering. Nursing homes were chronically understaffed

well prior to the pandemic; in 2014, 33% of Medicare nursing home residents were found to have

suffered adverse events resulting in harm or death during the first 35 days of a stay requiring

skilled nursing following hospital treatment of an acute condition (Harrington et al. 2016, 2020).

Studies additionally find that patients in nursing homes acquired by private equity were 11.1% more

likely to make a preventable emergency department visit, were 8.7% more likely to experience a

preventable hospitalization, and suffered 10% higher mortality rates (Harrington et al. 2001, 2012,

Braun et al. 2021, Gupta et al. 2021). During the pandemic, it was not unusual for nurse aides

to see their caseloads nearly doubled, compromising basic care (Mills 2021). Between March and

November 2020 alone, an estimated 40,000 excess deaths in nursing homes occurred prematurely

due to non-COVID causes (Sedensky and Condon 2020), as complaints of bedsores, dehydration,

malnourishment, and compromised basic hygiene poured in.

However, the consequences of the short-staffing crisis could stretch broader. In this research

paper, we use nursing homes to study the role of short-staffing in motivating malfeasance and

wrongdoing in patient care. In particular, it has long been recognized that antipsychotic drugs are

abused in nursing homes for improperly sedating difficult patients suffering from dementia (U.S.

Senate, Subcommittee on Long-term Care of the Special Committee on Aging 1975). The use of

these drugs rose to encompass 23.9% of nursing home patients in 2011 and drew renewed regulatory
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attention and concern in 2012 (see, e.g., Crystal et al. 2020).1 Despite the dangers of misusing such

potent drugs on a highly vulnerable population, any misconduct goes largely unpunished: Of 5,600

government inspections citing nursing homes for misusing antipsychotic medications, the New York

Times found that more than 99 percent of the violations were classified as only posing “potential,”

not “actual,” harm to patients (Thomas et al. 2021).

Despite the compelling public interest in studying the use of antipsychotics in nursing homes, a

main empirical challenge is that their use is underreported due to specific exclusions in publicly

available data. In 2015, CMS revised its 5-star quality rating system to cover and report nursing

homes’ individual rates of antipsychotic use after excluding residents diagnosed with schizophrenia,

Huntington’s disease, or Tourette syndrome (Centers for Medicare & Medicaid Services 2015). Re-

cent reports suggest that misdiagnosing patients as schizophrenic has consequently become a grow-

ing loophole for avoiding regulatory and public scrutiny while still misusing such drugs (Thomas

et al. 2021): by inflating the diagnoses of schizophrenia and other exclusionary conditions among

their residents, nursing homes can publicly underreport their rates of antipsychotic drug use. Of

all nursing home residents diagnosed with schizophrenia in 2018, the U.S. HHS Inspector General

found that one in three had no prior life history of treatment for the disorder (U.S. Department of

Health and Human Services, Office of Inspector General 2021).

Therefore, by misdiagnosing and excluding residents from CMS public reporting, unscrupulous

nursing homes can publicly underreport their drug usage rates. By submitting Freedom of Infor-

mation Act (FOIA) requests to the CMS, we obtained nursing homes’ true antipsychotic drug

usage rates, without excluding any patients, which they report non-publicly to the CMS.

Nursing homes’ comprehensive rates of antipsychotic drug use (shown in aggregate in Figure 1,

solid line) are naturally greater than their publicly disclosed rates (shown in aggregate by the

dashed line). Relevantly for our concerns regarding underreporting via misdiagnosis, the disparity

between the two rates—representing the population of residents who have diagnoses, proper or

not, that exclude them from public reporting—has grown in recent years. At the same time, the

comprehensive nationwide usage rates of antipsychotic drugs appear to be rising again after having

initially declined following the implementation of public reporting.

We construct a panel dataset that covers nearly all U.S. nursing homes from 2014 to 2019.

The data combine coverage of nonpublic, comprehensive antipsychotic usage rates at the nursing

home level with detailed CMS-sourced data on nursing home-level characteristics and operational

measures, including staffing levels. We use this novel dataset to study the empirical linkage between

1 The U.S. Government Accountability Office similarly found that about one-third of patients with dementia who
spent more than 100 days in a nursing home in 2012 were prescribed an antipsychotic, according to data from
Medicare’s prescription drug program (Medicare Part D) (U.S. Government Accountability Office 2015).
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Figure 1 Antipsychotic Drug Use in Nursing Homes

Notes. Figure plots the national-level average percent of nursing home residents taking antipsychotic drugs. The publicly

disclosed risk-adjusted rates are in the dashed line, and the comprehensive, non-risk-adjusted raw rates are in the solid line.

Data sources: CMS Nursing Home Compare and Provider Data (publicly disclosed rates); FOIA (comprehensive rates).

nursing home staffing and the usage of antipsychotic drugs in U.S. nursing homes. We focus foremost

on the straightforward research question: Do reductions in nursing-home staffing causally increase

the use of antipsychotic drugs by American nursing homes?

In scope, our causal analysis encompasses an expansive sample of the 10,662 U.S. nursing homes

covered in the CMS data. In estimating the causal impact of staffing on antipsychotic drug usage

rates, we further recognize that correlation is not causation: factors such as patient mix influence

both nursing homes’ ability to staff and their drug usage rates.

To overcome this issue, we employ two distinct identification strategies that rely on mutually

independent assumptions. We firstly exploit the exogenous impact of local wage shocks on staffing,

as an instrumental variable (IV), and secondly use difference-in-difference estimators that exploit

changes in local state regulations. Both local wage shocks and local minimum-staffing regulations

affect nursing homes’ staffing levels but do not directly affect their usage of antipsychotic drugs;

each thereby supplies quasi-experimental variation in the staffing levels of nursing homes. Our

dual causal analyses include comprehensive controls for zipcode-level characteristics, time-variant

nursing home-level characteristics, nursing home fixed effects, and various resident conditions, such

as the acuity index and the activities of daily living scores.

Our analyses consistently find that staffing levels significantly impact nursing homes’ antipsy-

chotic medication use. Using exogenous variation in staffing based on wages, we find that increasing

a nursing home’s nurse staff hours per resident day (HPRD) by one hour decreases its usage of
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antipsychotics by 6.039 residents on average, even after controlling for resident, zip code, and nurs-

ing home characteristics. Similarly, from the difference-in-differences approach that exploits the

exogenous changes in state minimum staffing regulations, we find that a one-hour increase in nurse

staff HPRD leads to 6.262 fewer nursing home residents on antipsychotics. The results are robust

to changes in specification, alternative outcomes and explanatory variables, and the addition of

controls for residents’ schizophrenia and related diagnoses.

Our findings, therefore, provide compelling empirical grounds for nursing home managers to

critically evaluate the staffing levels in their organizations to maintain an adequate level of staffing

at all times. For policymakers, our findings provide strong evidence supporting minimum staffing

standards. Especially at the federal level, such standards can significantly decrease the number of

patients receiving antipsychotic medications. For example, according to our estimates, the Centers

for Medicare & Medicaid Services (2024b)’s federal minimum staffing standards, newly adopted in

April 2024, will result in 24,148 fewer nursing home residents receiving antipsychotic medication,

which amounts to a nationwide decrease of 9.6%. Because we further find that our results are

driven by urban and for-profit nursing homes in particular, both nursing homes and policymakers

can focus on identifying factors among these nursing homes that heighten the causal sensitivity of

their antipsychotic usage to staffing levels.

More broadly, whereas short-staffing’s compromising effects on quality of care are well docu-

mented (Kc and Terwiesch 2009, Lu and Lu 2017, Peng et al. 2023), wrongdoing and patient

abuse are less obvious, but no less damaging and dire, consequences of poor staffing and opera-

tions management. To our knowledge, our empirical study is the first in operations management to

strongly identify wrongful and unethical behavior as a prevalent consequence of staffing practices.

Our findings indicate that inadequate staffing can compel service providers to resort to wrongful

and abusive practices at an industry-wide scale, especially when serving vulnerable populations

that may be unable to self-advocate or vote with their feet.

The rest of the paper is as follows. In Section 2, we discuss the research background and related lit-

erature. Section 3 introduces the data, sample, and variables, followed by Section 4, which discusses

potential endogeneities and two identification strategies, instrumental variables and difference-in-

differences approaches. Section 5 presents analysis results and robustness tests. Section 6 concludes

the paper with a summary and implications.

2. Background and Related Literature
2.1. Antipsychotic Medication Usage in Nursing Homes

The reported abuse of antipsychotic medications in nursing homes in the U.S. dates back to the

1970s (Gurwitz et al. 2017). A 1975 report prepared by the Subcommittee on Long-term Care of
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the Special Committee on Aging of the U.S. Senate asserts that “perhaps most disturbing is the

ample evidence that nursing home patients are tranquilized to keep them quiet and to make them

easier to take care of” (Special Committee on Aging 1975). It finds that the average nursing home

resident is administered seven different drugs daily and that almost forty percent of the drugs

administered are central nervous system drugs, such as sedatives and tranquilizers. Subsequently

analyzing nursing homes in Tennessee between July 1975 and June 1976, Ray et al. (1980) find

that nearly half of all nursing home residents have received antipsychotic medication.

These findings, along with other issues in nursing homes, led to the Nursing Home Reform Act

being enacted as part of the Omnibus Budget Reconciliation Act of 1987. The law prohibited the use

of antipsychotic medication as chemical restraints, stating that “physical restraints are prohibited

for discipline or convenience, and specific indications are required for the use of antipsychotic

medications to reduce their use as chemical restraints” (42 CFR Part 483.13).

Following the recognition of the improper use of antipsychotic medications in nursing homes, a

stream of literature, especially in the medical field, has documented and measured nursing homes’

usage in various settings (Chen and Grabowski 2023, Konetzka et al. 2014, Briesacher et al. 2013,

Crystal et al. 2009, Simoni-Wastila et al. 2014). A related stream of literature focuses on identifying

strategies to reduce the use of antipsychotic medication in nursing homes, including training and

support delivered to nursing staff (Fossey et al. 2006) and the quality of communication between

the nursing staff and physicians (Schmidt and Svarstad 2002).

In 2008, the FDA issued a black box warning against the off-label use of all types of antipsychotic

medication on elderly patients with dementia, citing heightened risks for severe side effects and

mortality. Several studies find that the boxed warning policy was effective at reducing nursing

homes’ antipsychotic medication usage rates (McIlroy et al. 2015, Gallini et al. 2014, Desai et al.

2012). However, the FDA’s black box warning did not prohibit the off-label use of antipsychotic

medication for nursing home residents—importantly, clinicians still have the option to use them

at their discretion. In its 2011 report, the Office of Inspector General finds that a significant

number of nursing home residents continue to receive antipsychotic medications despite the FDA’s

boxed warning (Levinson 2011). According to our data, 20% of all nursing home residents were

administered antipsychotic medication, on average, between 2014 and 2019.

2.2. Antipsychotic Medication and Staffing Decisions

Our work recognizes that a nursing home’s decision to use antipsychotic medication has not only

clinical but also operational motivations. Intuitively, patients placed under chemical restraints

require less work. By reducing workloads rather than fulfilling them, nursing homes can hire fewer

nurse staff while utilizing antipsychotic medications to still manage their patient load. Staffing
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levels and antipsychotic medication usage are, therefore, operational substitutes for managing

patient loads. The resulting negative association between staffing levels and the use of antipsychotic

medication has been documented in the following two works. Phillips et al. (2018) examine nursing

homes in Missouri and find that patients in nursing homes with lower staffing levels are more likely

to receive antipsychotic medication. Chappell et al. (2022) extend the finding of such associations

to nursing homes throughout the U.S.

We overcome two major limitations of these prior studies and other similar ones (e.g., Pekkari-

nen et al. 2006). First, both works provide associative evidence using cross-sectional data, which

hinders the validity of both the direction and the magnitude of their findings. We extend the scope

of the analysis by examining almost the entire universe of nursing homes in the U.S. from 2014

to 2019. We leverage the panel structure of our data and employ a two-way fixed effects struc-

ture in our analyses to control for unobserved time-invariant nursing home characteristics as well

as unobserved time-specific effects. In addition, we use two distinct causal inference methods—

instrumental variable and difference-in-differences—to estimate the causal effect of staffing levels

on the use of antipsychotic medications.

Second, neither study captures the full extent of antipsychotic drug usage in nursing homes. CMS

began to publicly disclose the rates of antipsychotic medication use in July 2012 via Nursing Home

Compare. The same measure was added to the Five-Star Quality Rating System in February 2015,

providing more incentives for nursing homes to track and make improvements on this measure.

This publicly disclosed measure, which is used by the two aforementioned papers, reports the

“percentage of residents who are receiving antipsychotic drugs in the target period,” excluding,

from both the numerator and the denominator, residents who are diagnosed with schizophrenia,

Tourett’s syndrome, or Huntington’s disease. In other words, the publicly reported measure tracks

the rate of unwarranted use of antipsychotic drugs, at least on the surface.

However, the exclusion of residents with certain diagnoses from the publicly reported measure

creates perverse incentives, as nursing homes can artificially lower their reported rates of antipsy-

chotic drug use by inflating the number of residents diagnosed with those conditions. Chen and

Grabowski (2023) empirically demonstrate the underreporting of antipsychotic drug use and over-

reporting of the diagnoses of the aforementioned conditions. In fact, in a 2023 memorandum, CMS

cites that “some nursing homes have erroneously coded residents as having schizophrenia, which

can mask the facilities’ true rate of antipsychotic medication use” (Centers for Medicare & Medi-

caid Services 2023). This concern seriously impugns the usefulness of the publicly reported measure

in our analyses, and we instead focus on data reporting the full extent of antipsychotic medication

usage, which we further describe in Section 3, without excluding any residents.
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More generally, the lack of causality-backed studies of the relationship between nursing home

staffing and antipsychotics has been a recognized deficiency in the literature (Mattingly 2015) prior

to our work.

2.3. Effects of Staffing on Operations

Finally, we contribute to the operations management literature by demonstrating the negative con-

sequences of insufficient staffing on malfeasance in a service setting, nursing home patient care. Our

study builds on the rich stream of literature that studies the impact of staffing and workload on

organizations’ ability to deliver quality and efficiency. Kc and Terwiesch (2009) find that workloads

in healthcare services influence service rates, measured by length of stay in cardiothoracic surgery

unit and patient transport time, which subsequently affect quality of care. Similarly, Berry Jaeker

and Tucker (2017) finds a workload-related saturation effect in which workers can no longer over-

come a high workload by speeding up. They find that service throughput time (inpatient LOS)

decreases after a tipping point in workload (occupancy) to alleviate service congestion. However,

after a second tipping point of high workload, the throughput time increases again. Freeman et al.

(2017) investigate the effects of workload on decisions by gatekeeper-providers (midwives) in a

maternity hospital setting and find that workload influences the rate at which gatekeepers refer

customers to specialists (e.g., epidural analgesia and physician-led delivery).

Other research studies the effects of staff turnover on quality. Moon et al. (2022) and Moon

et al. (2023) find that worker turnover has negative impacts on product reliability and productiv-

ity, respectively, in manufacturing settings. Shin et al. (2023) find that increased turnover in the

restaurant industry leads to decreases in the quality of service. Similarly, Peng et al. (2023) find

that the level of nurse staff affects turnover rates, which in turn affects the quality of care that

patients receive during inpatient hospitalizations.

Closest to our work, in the context of nursing homes, Lu and Lu (2017) find that laws that restrict

overtime mandates for nurses change the composition of nurses—decreases in permanent nurses

and increases in temporary nurses—leading to decreases in quality of care, specifically manifested

through increases in deficiencies of minor severity. Furthermore, several works in the medical and

health services literature document the potential impact of staffing decisions in nursing homes by

providing associative evidence linking staffing levels and health outcomes, such as activities of daily

living scores and pain management (Chen et al. 2023, Castle and Anderson 2011, Horn et al. 2005,

Kim et al. 2009). Our work is unique in that we show the effects of staffing levels on malfeasance,

an outcome that has been left unexplored in previous research.
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3. Data, Sample, and Variables
3.1. Data

Our dataset uniquely allows the analysis of the relationship between nursing home-level staffing and

antipsychotic drug use. We integrate a variety of datasets to construct it. Firstly, we obtain com-

prehensive usage rates of antipsychotic drugs at individual U.S. nursing homes. Acquired through

our own FOIA requests, these data include the percentage of residents taking antipsychotic drugs

at least once a week in each nursing home in each quarter from 2012 Q2 to 2021 Q1. Secondly, we

access critical information regarding nursing homes’ ownership, capacity, utilization, and staffing

through CMS’s Nursing Home Compare and Provider Data. Specifically, we use nursing homes

including rehab services data files2 to obtain monthly information about individual nursing homes,

including each nursing home’s name, address, ownership type, the number of beds, the number of

residents, and nurse staffing hours per resident per day (HPRD). Thirdly, we add data on resi-

dent characteristics sourced from LTCFocus (2024), which is sponsored by the National Institute

on Aging (1P01AG027296) through a cooperative agreement with the Brown University School

of Public Health. Such data include annual nursing home-level observations of the acuity and ac-

tivities of daily living scores of residents, percentage of residents with schizophrenia or bipolar

disorder, average age of residents, and percentage of residents with Medicaid insurance. Fourthly,

we obtain annual salary data from the CMS skilled nursing facility cost reports. Lastly, we gather

annual zipcode-level census variables from the U.S. Census Bureau. We merge all our datasets

at the nursing home-year level by aggregating the monthly or quarterly data to the yearly level.

Table OA.1 lists all datasets that we use.

3.2. Sample

We construct our initial sample of U.S. nursing homes from the CMS data on antipsychotic drug

usage that we acquired via FOIA requests. Our initial dataset covers 16,411 nursing homes in 50

U.S. states and the District of Columbia, Virgin Islands, and Puerto Rico from 2012 Q4 to 2021

Q1. The initial dataset records % of residents on antipsychotics for each nursing home in each

quarter-year. We first merge this data with CMS’s Nursing Home Compare and Provider Data,

which records the monthly characteristics of each nursing home, including the nurse staff HPRD

and the number of residents. We have access to this dataset from January 2014 to September 2021.

We aggregate this Nursing Home Compare data to nursing home and quarter-year level and merge

it with our initial dataset. After combining the two datasets, we have data for 15,114 nursing homes

from 2014 Q1 to 2021 Q1.

In addition, we merge our data with multiple datasets, including LTCFocus, CMS skilled nurs-

ing facility cost reports, and annual zipcode-level census variables from the U.S. Census Bureau.

2 https://data.cms.gov/provider-data/topics/nursing-homes.

https://data.cms.gov/provider-data/topics/nursing-homes
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Because these datasets are at the year level, we aggregate our nursing home data to the nursing

home-year level. LTCFocus (2024) dataset is to control for the nursing home residents’ character-

istics such as acuity level, activities of daily living score, and average age. The CMS skilled nursing

facility cost reports are for our instrumental variable, which we explain in Section 4.2. The U.S.

Census data is to control for zipcode-level census characteristics such as median income and senior

population. To exclude the COVID-19 pandemic period, we restrict our main data until 2019.

As a result, our main sample includes 10,662 nursing homes with 58,254 nursing home-year-level

observations. Table OA.2 details the steps of our data sample’s construction.

3.3. Variables

3.3.1. Outcome variable Our main outcome variable is the number of residents taking an-

tipsychotics at least once a week in each nursing home. This number is comprehensive; that is, it

includes the number of residents diagnosed with schizophrenia, Huntington’s disease, or Tourette

Syndrome. Whereas the CMS also publicly discloses the rate of antipsychotic drug use in each

nursing home since 2012, the disclosed measure excludes the residents who are diagnosed with

schizophrenia, Huntington’s disease, or Tourette Syndrome. We obtain the comprehensive data via

our FOIA requests.

It is important to use the comprehensive data on homes’ antipsychotic use because of widespread

concern that many residents are misdiagnosed with schizophrenia in order to prescribe more an-

tipsychotics. In 2015, CMS revised its 5-star quality rating system (Centers for Medicare & Medi-

caid Services 2015) to add nursing homes’ rates of antipsychotic medication usage after excluding

residents diagnosed with the three aforementioned conditions, and since then, the publicly disclosed

antipsychotic drug use rates (dashed line in Figure 1) have consistently declined. Disconcertingly,

however, while schizophrenia diagnoses among nursing home residents have soared, the incidence

of related underlying behaviors like delusions and hallucinations has not (Thomas et al. 2021).

Further concerningly, nursing homes’ nonpublic, comprehensive rates (solid line in Figure 1) of

antipsychotic drug use have declined neither as steadily nor nearly as substantially as the public

rates.

Additionally, Chen and Grabowski (2023) find that nursing homes underreport antipsychotic

drug use while overreporting their residents’ exclusionary diagnoses of schizophrenia, Hunting-

ton’s disease, or Tourette Syndrome. In response to nursing homes erroneously coding residents

as schizophrenic, which masks the facilities’ true rates of administering antipsychotic medication

off-label, the CMS recently announced audits of nursing homes’ schizophrenia coding (Centers for

Medicare & Medicaid Services 2023). As Table 1 presents, the average number of residents on

antipsychotics is 19.79 per nursing home.
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3.3.2. Explanatory variable We use risk-adjusted nurse staffing HPRD to measure staffing

levels in nursing homes. Specifically, we sum up HPRD of three nurse staff types: registered nurses

(RN), licensed practical nurses (LPN), and certified nurse aids (CNA). Centers for Medicare &

Medicaid Services (2024a) uses these three risk-adjusted staffing measures as the total nurse staffing

HPRD, one of the quality measures CMS uses to evaluate nursing homes. Other research also uses

nurse staff HPRD to measure staffing levels in nursing homes (Lu et al. 2018, Lu and Lu 2022).

In Section 5.4.3, we use non-risk-adjusted HRPD to test the robustness of the results using an

alternative variable. Our sample of nursing homes has, on average, 3.84 nurse staff HPRD.

3.3.3. Control variables Although we use an IV to address potential endogeneity and test

the causal relationship between staffing levels and antipsychotic drug use, we include several nursing

home and local characteristics as control variables. We control for several nursing home resident

characteristics, including the acuity index, a measure of the care needed by a nursing home’s

residents, the average activities of daily living scores for all residents admitted during the calendar

year, % of residents on ventilators, the average age of residents, % of residents with Medicaid

insurance, and % of residents who are white. In addition, we also control for the demand level in

the nursing home by the number of residents and occupancy level. We calculate the occupancy level

by dividing the number of residents by the number of certified beds. Next, we control for local-level

relevant characteristics, the number of the senior population, and the median income in each zip

code. In addition to these control variables, we include nursing home- and year-fixed effects in our

specifications, as we explain in Section 4. In Section 5.4.2, we control for the % of nursing home

residents with schizophrenia or bipolar disorders because antipsychotic medications may be used

to treat the symptoms of residents with these conditions. Table 1 presents the summary statistics

of all variables.

4. Econometric Approach
4.1. Endogeneity

The estimation of the effect of staffing levels on antipsychotic drug use could suffer endogeneity

bias. Two primary sources of endogeneity concern us. First, nursing home residents’ unobserved

conditions could be correlated with both staffing level and antipsychotic drug use (omitted variable

bias). For example, although we control directly for the prevalence of schizophrenia and bipolar

disorder, we lack data on Huntington’s disease or Tourette Syndrome, for which antipsychotic

medications are a treatment option. Second, the number of residents taking antipsychotics could

impact a nursing home’s staffing levels (reverse causality). Residents who are administered an-

tipsychotics could have different care needs that require heightened attention from nurse staff, thus

increasing nurse staff HPRD. We address such endogeneities using two methodological approaches:

an instrumental variable and difference-in-differences.
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Table 1 Summary Statistics

Variable Mean SD Source
Outcome variables
Number of residents on antipsychotics 19.79 18.04 FOIA
% of residents on antipsychotics 0.20 0.12 FOIA

Explanatory variable
Nurse staff HPRD 3.84 0.70 CMS Nursing Home Compare

Instrumental variable
Hourly wage in neighborhood NHs 33.32 6.32 Authors’ calculation based on CMS

skilled nursing facility cost reports
Control variables
Number of residents 97.44 51.85 Authors’ calculation based on CMS

Nursing Home Compare
Occupancy 0.83 0.13 Authors’ calculation based on CMS

Nursing Home Compare
Acuity index 12.26 1.21 LTCFocus
Activities of daily living score 16.74 2.36 LTCFocus
% of residents with schizophrenia or bipolar

disorder†
0.19 0.16 LTCFocus

% of residents on ventilators 0.003 0.03 LTCFocus
Average age of residents 79.44 6.16 LTCFocus
% of residents covered by Medicaid 0.60 0.21 LTCFocus
% of residents who are white 0.78 0.22 LTCFocus
Median income by zip code 58,694 22,840 U.S. Census Bureau
Number of senior population by zip code 4,385 2,624 U.S. Census Bureau

Notes. Number of observations: 58,254. †Number of observations: 21,582. The unit of observation is a nursing home - year.

4.2. Instrumental Variables

The first approach uses an instrumental variable for nursing homes’ staffing levels, as measured via

the risk-adjusted staff HPRD. To begin with, we use the risk-adjusted HPRD, which accounts for

the underlying care needs of residents in each nursing home. Under the detailed risk adjustment

methodology set forth in Centers for Medicare & Medicaid Services (2024a), the CMS adjusts each

nursing home’s HPRD by classifying and grouping its residents into resource utilization categories.

By controlling for residents’ care needs, the risk-adjusted staff HPRD could mitigate the endo-

geneity concerns related to resident characteristics relative to using the standard reported HPRD.

However, we do not expect the risk adjustments to fully resolve the endogeneity because they are

not solely based on the residents who are taking antipsychotics but on other care needs as well.

Importantly, we further instrument each nursing home’s staff HPRD by the average hourly wage

in neighboring nursing homes. When nursing home wages increase in the neighborhood, it becomes

more expensive for the focal nursing home to hire and retain staff from a common labor pool.

Critically, the neighboring nursing home wages should not directly impact the use of antipsychotics

in the focal nursing home, except possibly by influencing the nursing home’s staffing level (exclusion

restriction). At the same time, the increased neighborhood wages can plausibly lead to reductions

in the home’s staffing level (relevance condition).
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We define the instrumental variable, the average wage in neighborhood nursing homes in Equa-

tion (1) below. We consider a Metropolitan and Micropolitan Statistical Area (also called the

core-based statistical area, CBSA) a neighborhood that represents the market in which a nursing

home operates since sources of both labor and patients are likely to be concentrated within the

CBSA.

NeighborWageit =
1

nj − 1

∑
i′∈j,i′ ̸=i

Wagei′t, (1)

where i, j, and t represent nursing home, CBSA, and year, respectively. Wagei′t is the hourly wage

of nursing home i′ in year t, which we average over the nj nursing homes in the CBSA j other than

the focal nursing home i. We calculate the hourly wage based on annual salary information from

the skilled nursing facility cost reports and the staff HPRD data from the CMS Nursing Home

Compare portal. The average NeighborWageit, according to our data, is $33.32.

Using the instrumental variable, we estimate the following model, including the first stage:

OnAntipsychoticsit = β ̂StaffHPRDit +X
′
itγ+W ′

zit
δ+µi + τt + εit (2)

StaffHPRDit = πNeighborWageit +X
′
itϕ+W ′

zit
ψ+σi +ωt + ξit, (3)

for nursing home i, its zip code zi, and year t. Here, the outcome variable, OnAntipsychoticsit, is the

number of nursing home residents taking antipsychotics, and the explanatory variable, StaffHPRDit,

is the nurse staff HPRD.Xit is a vector of nursing home characteristics as described in Section 3.3.

Wzit is a vector of zip code level characteristics, including median income and the number of senior

population. We include nursing home-fixed effects, µi, and year-fixed effects τt.

In the first stage, Equation (3), we regress the explanatory variable, StaffHPRDit, on the instru-

mental variable, NeighborWageit, and other control variables together with the nursing home- and

year-fixed effects, σi and ωt, respectively. The coefficient of our interest, β, captures the causal

effect of nursing home staffing levels on antipsychotic drug use and equals 0 if antipsychotic drug

usage has no causal dependence on the staffing level.

4.3. Difference-in-differences

The second approach we use to address endogeneity is difference-in-differences. For this, we exploit

the occurrence of exogenous changes in states’ policies and regulations governing nursing home

staffing requirements. U.S. states promulgate and enforce their own regulations on nursing home

staffing, and several states revised them during our study period. For example, beginning July 1,

2016, the State of Washington instituted minimum staffing standards for nursing homes that require

at least 3.4 HPRD of direct care by RNs, LPNs, and CNAs (RCW 74.42.360).3 Likewise, effective

3 https://app.leg.wa.gov/rcw/default.aspx?cite=74.42.360

https://app.leg.wa.gov/rcw/default.aspx?cite=74.42.360
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July 1, 2019, Maryland increased its staffing requirements to 3 hours of bedside care per occupied

bed per day, provided by RNs, LPNs, and support personnel (Md. Code Regs. 10.07.02.19).4

During our study period, the seven states of Arkansas (AR), California (CA), Louisiana (LA),

Massachusetts (MA), Maryland (MD), Oklahoma (OK), and Washington (WA) either implemented

new minimum staffing laws or raised their existing minimums. Table 2 summarizes the changes in

State regulations on nursing home staffing requirements during our study period.

Table 2 States with new or updated minimum staffing laws

State Minimum Staffing Standard Code Effective Date

Arkansas 3.36 hours per resident day Arkansas Code §§20-10-1402 April 14, 2021
California 3.5 hours per resident day California Health and Safety Code §1276.5 July 1, 2018
Louisiana 2.35 hours per resident day Louisiana Administrative Code §9823 November 1, 2016
Massachusetts 3.58 hours per resident day 105 Code of Massachusetts Regulations 150.007 April 1, 2021
Maryland 3 hours per resident day Maryland Code of Regulations 10.07.02.19 June 17, 2019
Oklahoma 2.9 hours per resident day Oklahoma Statutes §63-1-1925.2v2 October 1, 2019
Washington 3.4 hours per resident day Revised Code of Washington 74.42.360 July 1, 2016

We consider the seven states that made changes in their policy as the treated group and select

as the control group another 12 states that never implemented nursing home minimum staffing

laws, namely the states of Alabama, Alaska, Hawaii, Kentucky, Missouri, Nebraska, Nevada, New

Hampshire, North Dakota, Rhode Island, South Dakota, and Virginia. Each state’s nursing homes

are deemed treated as of the time that the state changes its nursing home staffing regulations. For

this analysis, we extend our panel data until 2021.

Our setting is characterized by multiple time periods, state-wise variation in treatment timing,

and staggered treatment adoption, i.e., once a unit becomes treated, it remains treated in the

following periods. This setup is suitable for the doubly robust difference-in-differences estimator

proposed by Callaway and Sant’Anna (2021). Formally, we specify our model as an interacted

two-way fixed effects regression (Sun and Abraham 2021) wherein for each treated state s in the

treatment group of states S,

OnAntipsychoticssit = αs
i +λs

t +
∑
ℓ

µs
ℓ1{t−PolicyChangesi = ℓ}

+X ′
itθ

s +W ′
zit
κs + νs

i,t, for i∈ s or i∈C.

(4)

Here, i, zi, t, OnAntipsychotics
s
it, Xit, Wzit are defined as in Equation (2). C comprises the set of

nursing homes located in the control group of states that never received the treatment, i.e., that

never implemented minimum staffing laws through our study period. In this way, units (nursing

homes) are categorized into different groups based on the state they belong to, which determines

4 https://health.maryland.gov/regs/Pages/10-07-020219-5111.aspx

https://health.maryland.gov/regs/Pages/10-07-020219-5111.aspx
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the initial timing of their treatment, if any. αs
i and λs

t are unit (nursing home) and time (year)

fixed effects.

PolicyChangesi is the year in which the nursing home i’s state s∈ S introduced the new minimum

staffing regulations. For example, for nursing homes in the state of Washington, PolicyChangesi =

2016. In order to compare effects across time, we use ℓ to denote the relative time since the state’s

policy change, that is, ℓ= t−PolicyChangesi .

Using Callaway and Sant’Anna (2021)’s methodology, we estimate multiple difference-in-

differences coefficients, µs
l , that each captures a specific group-time (i.e., state-year) average treat-

ment effect. We are thereby interested in disaggregating the causal effects of minimum staffing

law changes on nursing home antipsychotic drug use by state and year. To confirm that minimum

staffing laws do indeed impact the affected nursing homes’ staffing levels, we perform the same

regression shown in Equation (4) but use the staffing level, StaffHPRDit, as the dependent variable.

Under our formal null hypothesis, wherein staffing levels exert no influence over nursing homes’

rates of antipsychotic drug use, we expect to find all our estimated treatment effects, µs
l , to be

statistically no different from zero.

5. Results

We present the results of our causal analyses of the effects of nursing home staffing levels on

antipsychotic drug use. In addition to using the two approaches of instrumental variables and

difference-in-differences, we test the robustness of the results from each approach.

5.1. Results: Instrumental Variables

First, we employ the instrumental variables approach discussed in Section 4.2 and present results

in Table 3. Columns (1) and (2) display estimation results using two-stage least squares (2SLS)

employing the IV, without and with control variables, respectively. The first-stage regression results,

including the coefficient of the IV and the Olea and Pflueger (2013) F-statistic, are reported as

well.

In column (2), we first find that our IV, the average hourly wage in neighboring nursing homes,

has a statistically and economically significant negative relationship with our explanatory variable,

nursing home HPRD. The coefficient from the first stage, Equation (3), is −0.005 (p < 0.001) with

an F-statistic of 25.668, which strongly suggests that our IV satisfies the relevance condition. The

coefficient indicates that when the competing wages of neighborhood nursing homes increase by

1 dollar, nurse staff HPRD decreases by 0.005. Note that because we include nursing home fixed

effects, this first-stage relationship captures the effect that experiencing variation in competing

wages across time has on the staffing levels of fixed nursing homes.
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By then estimating the second stage, Equation (2), we find that nursing homes’ staffing levels

have statistically significant negative effects on their antipsychotic use rates. The estimated coeffi-

cient on nursing home staff HPRD is −6.039 (p < 0.05), implying that a 1-HPRD decrease in nurse

staffing level increases the number of residents on antipsychotics by 6.039 per nursing home. This

suggests that nursing homes’ staffing levels substantially impact their use of antipsychotics.

Our estimation also controls for many other nursing home characteristics, including but not

limited to the number of residents, occupancy level, average acuity index, and the residents’ average

activities of daily living (ADL) score. We present the estimated coefficients for a subset of these

control variables in Table 3.

These control variables’ coefficients generally support the validity of our data and analysis. For

example, the estimated coefficient on the number of residents is statistically significant and positive.

Interestingly, the ADL score, which represents the residents’ degree of physical dependence in

their daily routines and activities, such as dressing, eating, toilet use, and bed mobility, shows

statistically significant negative coefficients. That is, antipsychotic drug usage is more prevalent

Table 3 Estimated Effects of Nursing Home Staffing on Antipsychotic Drug Usage

Outcome Number of residents on antipsychotics
Model 2SLS

(1) (2)
base with controls

Nurse staff HPRD −6.078∗ −6.039∗

(2.438) (2.458)
Number or residents — 0.178∗∗∗

(0.014)
Occupancy — −0.057∗

(0.025)
Acuity index — 0.069∗

(0.034)
Activities of daily living score — −0.236∗∗

(0.073)

First stage
Hourly wage in neighborhood NHs −0.005∗∗∗ −0.005∗∗∗

(0.001) (0.001)
F-statistic 26.184 25.668

Controls No Yes
Fixed effects Nursing home Nursing home

Year Year
Number of nursing homes 10,662 10,662
Observations 58,254 58,254

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Other control variables
include the average age of residents, % of residents on ventilators, % of residents covered by Medicaid, % of
residents who are white, median income, and number of senior population. Olea and Pflueger (2013) F-statistic

is reported. Full regression results including coefficients for all variables are presented in Table OA.3. HPRD:
hour per resident day, NH: nursing home, 2SLS: 2-stage least squares. +p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p <

0.001.
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in nursing homes with more physically active residents. Active but difficult patients may be more

subject to chemical restraints, consistent with the literature documenting their use as a substitute

for staff to handle challenging resident behaviors like wandering and aggression (Mattingly 2015,

Thomas et al. 2021). In Section 5.4.2, we also control for the % of residents with schizophrenia

and bipolar disorders and find a consistent result and more negative estimate for the effect of the

staffing levels on antipsychotic use.

5.2. Results: Difference-in-differences

Second, we use the difference-in-differences approach described in Section 4.3. To apply this method,

we track and catalog the changes enacted in the states’ minimum nurse staffing laws during our

study period (Table 2). Such changes are credibly exogenous with respect to the number of residents

on antipsychotics.

When states introduce heightened regulations regarding minimum staffing, these regulations may

successfully raise in-state nursing homes’ staffing levels and thereby indirectly reduce the number of

residents on antipsychotics. Such an indirect effect, if found, reveals a causal relationship between

the nursing homes’ staffing levels and their rates of administering antipsychotics. The seven states

in our treated group implemented their new minimum staffing regulations at different times; we,

therefore, estimate the disaggregated state-year average treatment effects set forth in Equation (4).

Before we test the effects of new or updated minimum staffing laws on nursing home antipsychotic

use, we first distinguish between states in which the new regulations did or did not have effects on in-

state nursing home staffing levels. We analyze the effects of these state-wise regulatory treatments

on nursing home staffing levels by putting StaffHPRDit as the dependent variable in Equation (4)

and then estimating the modified Equation (4).

We plot the results in Figure 2 and Figure 3. In each state’s figure, the upper panel shows the

estimated effects on the staffing levels of nursing homes in the state, and the lower panel shows the

estimated effects on their antipsychotic drug use. We present the aggregated state-level average

treatment effects on the treated (ATT) in Table 4.

We find statistically significant increases in nursing home staffing levels after the new minimum

staffing regulations introduced in Washington (ATT = 0.159, p < 0.001), Louisiana (ATT = 0.207,

p < 0.001), Oklahoma (ATT = 0.326, p < 0.001), and Massachusetts (ATT = 0.242, p < 0.01). This

finding is shown in Figure 2(a), (b), (c), and (d), in which the state-year level ATT are positive

and statistically significantly different from zero in the post-treatment periods.

On the other hand, we do not find significant impacts of minimum staffing regulations on staffing

levels in Maryland (ATT = −0.027, p= 0.467), Arkansas (ATT = 0.013, p= 0.780), and California

(ATT = −0.001, p= 0.990). This is because most of the nursing homes in these states already had
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Figure 2 Estimated Effects of State-Level Minimum Staffing Laws on Nursing Homes’ Antipsychotics Usage in

States Where Their Staffing Levels Are Significantly Affected by the Law

(a) Washington (b) Louisiana (c) Oklahoma (d) Massachusetts

Notes. Points represent the state-year level average treatment effects on the treated (ATT) estimated using the
doubly robust difference-in-difference estimator based on inverse probability weighting (Sant’Anna and Zhao 2020,
Callaway and Sant’Anna 2021). The error bar shows the 95% confidence interval using standard errors clustered at
the nursing home level. The X-axis represents the relative time period, in years, from the new minimum staffing state
law (treatment). The control group consists of nursing homes in states that have never implemented a minimum
staffing law during our study period, including Alabama, Alaska, Hawaii, Kentucky, Missouri, Nebraska, Nevada,
New Hampshire, North Dakota, Rhode Island, South Dakota, and Virginia. Control variables include occupancy,
average age of residents, acuity index, activities of daily living score, % of residents on ventilators, % of residents
covered by Medicaid, % of residents who are white, median income, and number of senior population.

Table 4 Estimated Effects of State-Level Minimum Staffing Laws

State (1) (2) (3) (4) (5) (6) (7)
WA LA OK MA MD AR CA

Panel A. Effects on staffing level
ATT 0.159∗∗∗ 0.207∗∗∗ 0.326∗∗∗ 0.242∗∗ −0.027 0.013 −0.001

(0.044) (0.034) (0.044) (0.077) (0.037) (0.046) (0.068)
Observations 9,710 11,097 11,324 11,721 11,122 10,553 16,173

Panel B. Effects on antipsychotic drug use
ATT −1.033∗ −1.316∗ −1.864∗∗∗ −1.425∗∗ −0.075 0.413 0.837

(0.437) (0.520) (0.421) (0.545) (0.719) (0.319) (0.566)
Observations 9,710 11,097 11,324 11,721 11,122 10,553 16,173

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Average treat-

ment effects on the treated (ATT) are estimated by aggregating time-specific treatment effects esti-

mated by the doubly robust difference-in-difference estimator based on inverse probability weighting
(Sant’Anna and Zhao 2020, Callaway and Sant’Anna 2021). The control group consists of nursing

homes in states that have never implemented a minimum staffing law during our study period, in-
cluding Alabama, Alaska, Hawaii, Kentucky, Missouri, Nebraska, Nevada, New Hampshire, North

Dakota, Rhode Island, South Dakota, and Virginia. Control variables include occupancy, average age

of residents, acuity index, activities of daily living score, % of residents on ventilators, % of residents
covered by Medicaid, % of residents who are white, median income, and number of senior population.
+p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.
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Figure 3 Estimated Effects of State-Level Minimum Staffing Laws on Nursing Homes’ Antipsychotics Usage in

States Where Their Staffing Levels Are Not Significantly Affected by the Law

(a) Maryland (b) Arkansas (c) California

Notes. Points represent the state-year level average treatment effects on the treated (ATT) estimated using the
doubly robust difference-in-difference estimator based on inverse probability weighting (Sant’Anna and Zhao 2020,
Callaway and Sant’Anna 2021). The error bar shows the 95% confidence interval using standard errors clustered at
the nursing home level. The X-axis represents the relative time period, in years, from the new minimum staffing state
law (treatment). The control group consists of nursing homes in states that have never implemented a minimum
staffing law during our study period, including Alabama, Alaska, Hawaii, Kentucky, Missouri, Nebraska, Nevada,
New Hampshire, North Dakota, Rhode Island, South Dakota, and Virginia. Control variables include occupancy,
average age of residents, acuity index, activities of daily living score, % of residents on ventilators, % of residents
covered by Medicaid, % of residents who are white, median income, and number of senior population.

staffing levels exceeding their states’ new minimum requirements, leading to no immediate impact

on staffing levels. For example, among Maryland nursing homes in our sample, the 5th percentile

value of (non-risk adjusted) nurse staff HPRD before the state’s minimum staffing standard was

3.33, which exceeded the new requirement of 3 HPRD (see Table 2). Therefore, we do not estimate

a significant ATT on nursing homes’ staffing levels in any of these states.

Importantly, we examine the effects of new minimum staffing regulations on nursing homes’

antipsychotics use in states that saw an increase in staffing levels due to the regulations. Consistent

with our hypothesis, we find statistically significant negative effects in these states: Washington

(ATT = −1.033, p < 0.05), Louisiana (ATT = −1.316, p < 0.05), Oklahoma (ATT = −1.864,

p < 0.001), and Massachusetts (ATT = −1.425, p < 0.01).

Conversely, we do not find significant effects on antipsychotics use in states introducing regu-

lations that failed to significantly impact staffing levels: Maryland (ATT = −0.075, p = 0.917),

Arkansas (ATT = 0.413, p = 0.196), and California (ATT = 0.837, p = 0.139). If we only had

evidence that states’ regulations universally precede the increased use of antipsychotics, we could

not rule out that states implement such regulations when they anticipate growing caseloads of
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clinically challenging patients who may also require antipsychotics. Instead, we observe significant

reductions in antipsychotics use exactly and only when states’ regulations do significantly raise

their nursing homes’ staffing levels.

Lastly, we estimate the aggregated ATT over the states and years in each of the four states

in which the new minimum staffing regulations significantly increased nursing-home staffing levels

(WA, LA, OK, and MA). For the impact on staffing level, we estimate an ATT of 0.202 (p < 0.001),

which means that the heightened minimum staffing standards increased the treated states’ nursing

home staffing levels by 0.202 HPRD on average. For the resulting impact on the nursing homes’

antipsychotics use, we estimate an ATT of −1.265 (p < 0.001), indicating that the new standards

decreased the number of nursing home residents on antipsychotics in the treated states by 1.265

per nursing home on average.

Combining the results on staffing levels and antipsychotics use, the estimates suggest that 1-hour

increase in nurse staff HPRD leads to −6.262 fewer residents on antipsychotics. This estimate is

slightly larger than the estimate from the 2SLS in Table 3, which indicates a statistically and

economically significant impact of staffing levels on antipsychotic use in nursing homes. The minor

difference in the magnitude of the estimates could be due to differences in the data samples used:

the difference-in-differences approach includes in its sample only those nursing homes in the states

that introduced new minimum staffing regulations, whereas the sample used in the 2SLS analysis

encompasses nursing homes across the U.S.

5.3. Heterogeneous Effects of Staffing Levels by Nursing Home Characteristics

Previous research has found, observationally, that the rates of use and misuse of antipsychotic drugs

vary by nursing home characteristics. Stevenson et al. (2010) report that nursing homes in urban

areas use more antipsychotic medications without appropriate indications than do nursing homes

in rural areas, although they do not provide a specific explanation for this difference. Possible

rationales include that urban area nursing homes may tend to operate for-profit, be more crowded

leading to fewer medication screens, or foster different organizational cultures (Cioltan et al. 2017).

Prior research also documents that for-profit nursing homes exhibit higher rates of antipsychotic

use (Castle et al. 2009, Lester et al. 2011, Lucas et al. 2014).

Given the heightened prevalence of antipsychotic drug usage in urban and for-profit nursing

homes, it is important to examine the causal linkage between staffing levels and the use of antipsy-

chotics in these specific contexts. As shown in Table 5, our main findings are, in fact, primarily

driven by the causal relationships found in these two contexts. We find robust and large effects of

staffing on the use of antipsychotics in nursing homes.

At the same time, as shown in the full table of covariates provided as Table OA.4, we find firstly

that, in line with expectations, the number of residents has a statistically significant effect on the
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Table 5 Analysis by Nursing Home Characteristics

Outcome Number of Residents on Antipsychotics
Model 2SLS

NH Characteristics Ownership Physical Location

(1) (2) (3) (4)
For profit Not for-profit Urban Rural

Nurse Staff HPRD −5.218∗ −10.470 −7.281∗∗ 4.647
(2.598) (8.506) (2.469) (11.328)

First stage
Neighbor wage in neighborhood NHs −0.005∗∗∗ −0.0031+ −0.006∗∗∗ −0.001

(0.001) (0.0019) (0.001) (0.001)
F-statistic 23.83 2.74 29.95 0.91

Controls Yes Yes Yes Yes
Fixed effects Nursing home Nursing home Nursing home Nursing home

Year Year Year Year
Number of nursing homes 8,227 2,846 8,872 1,972
Observations 43,592 14,009 47,924 10,083

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Olea and Pflueger (2013) F-statistic
is reported. Full regression results including coefficients for all control variables are presented in Table OA.4. HPRD: hour

per resident day, NH: nursing home, 2SLS: 2-stage least squares. +p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.

outcome of the number of residents on antipsychotics with a largely consistent magnitude across the

contexts of urban, rural, for-profit, and not-for-profit. However, both for-profit and urban nursing

homes exhibit antipsychotic use rates that correlate with factors such as occupancy level, income,

activity scores, and ventilator usage in ways that do not appear to carry over into the not-for-profit

and rural contexts. Unlike staffing levels, we do not claim causality for these empirical relationships,

but they support the hypothesis that the usage of antipsychotics is more sensitive to workload

factors and patient conditions in for-profit and urban nursing homes in particular.

5.4. Robustness Checks

5.4.1. Specification Tests We test the sensitivity of our 2SLS estimates to different speci-

fications by excluding and including various sets of control variables. In addition, we report the

results using the ordinary least squares (OLS) without the IV. Table 6 summarizes the test results.

First, columns (1) and (2) report the results of the OLS estimations without the IV. The results

show that accounting for endogeneity by using the IV is critical. In column (2), the coefficient

of interest fails to differ statistically significantly from zero (coefficient = 0.080, p = 0.215). The

results from the OLS suggest that bias could be significant without IV, and the direction of the bias

is upward towards zero. An upward bias is consistent with the existence of a positive correlation

between antipsychotics and increased staffing due to omitted factors such as patient conditions.

For example, certain clinically difficult patients may require both antipsychotic drugs and greater

care.
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Next, we examine the sensitivity of the 2SLS estimates from columns (3) to (6) by gradually

adding control variables to the base model, the nursing home census variables (the number of resi-

dents and occupancy level), zip-code characteristics (the number of senior population and median

income), and the nursing home resident characteristics (the acuity index, the activities of daily

living score, average age of residents, % of residents on ventilators, % of residents covered by Med-

icaid, and % of residents who are white). Column (6) presents our preferred main specification,

the column (2) of Table 3. The results demonstrate that the coefficient of our interest does not

fluctuate much by excluding/adding different sets of control variables. Additionally, we find that

the first-stage results consistently show large F-statistics supporting the relevance of the IV.

Third, in column (7), instead of the zip-code level census characteristics, we control for the

CBSA-level census characteristics as the IV is defined at the CBSA level. The estimate becomes

slightly more negative (estimate = −6.081, p < 0.01), suggesting that the main estimate with

zip-code level characteristics is conservative.

Overall, the specification tests suggest that the 2SLS estimates are not sensitive to different

specifications with different control variables and support that the IV has strong relevance with

the endogenous variable throughout different specifications.

5.4.2. Controlling for the Prevalence of Schizophrenia and Bipolar Disorder Al-

though the LTCFocus dataset contains information on the prevalence of schizophrenia and bipolar

disorder in each nursing home, we do not include this variable in our main specification because of

three reasons. First, this variable has many missing values. By including this variable, the sample

size decreases from 58,254 to 21,582. Second, this variable is self-reported by the nursing homes

and may be manipulated to over-report the diagnoses of schizophrenia and related diseases, as

we discuss in Section 3.3. Lastly, because our IV, the average hourly wage in neighboring nurs-

ing homes, is not likely to be correlated with the prevalence of schizophrenia or other conditions

that need antipsychotic medications in a focal nursing home, the 2SLS estimate will be consistent

without controlling for the prevalence of schizophrenia and bipolar disorder.

Notwithstanding these reasons, we test the robustness of our results when controlling for the

self-reported prevalence of schizophrenia and bipolar disorder. We report the result in column (8) of

Table 6. After controlling for this variable, we find that the coefficient of our interest becomes more

negative, −8.723 (p < 0.05), indicating that the estimated causal effect of nurse staff HPRD on

antipsychotics use remains statistically significant and large even after controlling for the prevalence

of schizophrenia and other bipolar disorders. Thus, our findings remain consistent when we control

for the self-reported prevalence of diseases associated with antipsychotic medications. Because

matching with the smaller LTCFocus dataset reporting such prevalences reduces the sample size
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relative to the main sample, one should be cautious in comparing the estimate in column (8) with

the estimate from the preferred specification in column (6).5

5.4.3. Alternative Variables Next, we verify our analysis using an alternative outcome and

explanatory variables. As the alternative outcome variable, we use the % of NH residents on

antipsychotics instead of the number of such residents. The % of NH residents on antipsychotics

is the data that we originally obtained through our FOIA requests, and we chose to calculate and

use the number of residents on antipsychotics as our main outcome variable solely because it is

easier to interpret the results’ economic impact.

As column 1 in Table 7 shows, we find a consistent result using the alternative outcome variable,

with a marginally significant estimate (estimate = −4.357, p < 0.10). This suggests that a unit

increase in nurse staff HPRD reduces the % of NH residents on antipsychotics by 4.36 percentage

points. We also find similar results using the difference-in-differences approach in which we find an

ATT of 5.79 percentage points per hour increase in nurse staff HPRD.6

Additionally, we replicate our analysis using the unadjusted nurse staff HPRD as the alternative

explanatory variable. Unlike the risk-adjusted nurse staff HPRD used in our main analysis, this

variable omits CMS’s adjustments to reflect the residents’ care needs at specific nursing homes

(Centers for Medicare & Medicaid Services 2024a). Column 2 of Table 7 reports the analysis results

using the alternative explanatory variable, unadjusted nurse staff HPRD.We find that the estimates

in both the first and second stages do not change much from the main analysis. The first stage

coefficient on our IV remains statistically significant negative (estimate = −0.006, p < 0.001), and

the Olea and Pflueger (2013) F-statistic increases to 38.72. In the second stage, the 2SLS estimate

is −5.019 (p < 0.05), slightly smaller in magnitude than our main estimate in Table 3.

5.4.4. Including COVID-19 Year Although our dataset ranges until 2021 Q1, we intention-

ally restrict our main data until 2019 in our instrumental variables approach because of COVID-19’s

unconventional impact on nursing home residents and nursing staff. During the COVID-19 pan-

demic, staffing shortages in nursing homes worsened as many caregivers left the industry (Ochieng

et al. 2022, BLS 2022). At the same time, numerous nursing home residents died due to the COVID

and non-COVID causes (Sedensky and Condon 2020). It is possible that antipsychotic medication

use could have increased during the pandemic due to the exacerbated staff shortages or could have

decreased because many residents died. To explore, we rerun our analysis, including 2020, and

5 We run an additional estimation in which we use the sample that has no missing values in the prevalence of
schizophrenia and other bipolar disorders (21,582 observations) but do not include the variable. The estimate of the
coefficient of our interest from this analysis is −8.720 (p < 0.05), suggesting that the instrumental variable is not
correlated with this control variable.

6 This result is omitted for brevity but available upon request.



Lim, Moon, and Park: Do Staffing Shortages Drive Abuse and Malfeasance in U.S. Nursing Homes?
25

report the results in Table OA.5 for brevity. Our estimates do not fluctuate and remain consistent

when including the pandemic period, the year 2020 (preferred specification in column 1, estimate

= −5.619, p < 0.05; controlling for the prevalence of schizophrenia or bipolar disorder in column

2, estimate = −7.136, p < 0.10).

5.4.5. Alternative Difference-in-differences Estimators We test the sensitivity of the

ATT estimates in Section 5.2 using alternative estimators for staggered difference-in-differences.

We use the doubly robust difference-in-differences estimator based on the inverse probability of

tilting and weighted least squares (Sant’Anna and Zhao 2020, Callaway and Sant’Anna 2021) and

the inverse-probability-weighted estimator (Abadie 2005). For brevity, we present the results in

Online Appendix D. Overall, in the four states in which staffing levels were significantly affected by

new minimum staffing laws, the ATT estimates are not sensitive to using alternative estimators.

6. Discussion and Conclusions

We study the long-recognized but unresolved issue of antipsychotic drug abuse in nursing homes

(U.S. Senate, Subcommittee on Long-term Care of the Special Committee on Aging 1975). Our

novel contribution to the literature centers on empirically establishing a causal relationship between

the staffing of nursing homes and their utilization of antipsychotics. Such a relationship is patently

troubling. If antipsychotics were properly administered only according to clinical necessity, we

should generally expect no causal effect of nursing home staffing levels on their use (except for

a possibly positive effect, i.e., instead of the empirically negative effect, if better staffing were to

facilitate better recognition and diagnosis of patients’ legitimate clinical needs for antipsychotics).

Table 7 Results using Alternative Variables

Model 2SLS
(1) (2)

Alternative outcome Alternative explanatory
Nurse staff HPRD −4.357+ −5.019∗

(2.510) (1.956)
First stage
Hourly wage in neighborhood NHs −0.005∗∗∗ −0.006∗∗∗

(0.001) (0.001)
F-statistic 25.668 38.722

Controls Yes Yes
Fixed effects Nursing home Nursing home

Year Year
Number of nursing homes 10,662 10,662
Observations 58,254 58,254

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Column 1 uses the % of NH
residents on antipsychotics as the outcome variable; Column 2 uses the number of NH residents on antipsychotics

as the outcome variable. Column 2 uses unadjusted nurse staff HPRD as the explanatory variable; Columns 1 uses

risk adjusted nurse staff HPRD as the explanatory variable. In columns 1 and 2, control variables include all the
control variables in the main analysis. Olea and Pflueger (2013) F-statistics are reported. HPRD: hour per resident

day, NH: nursing home. +p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.
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6.1. Contribution of Causal Analysis

To examine the issue, we employ two different rigorous causal inference approaches, instrumental

variables and difference-in-differences, on a novel and comprehensive dataset that we construct

from our FOIA requests to the CMS.

We find significantly negative effects of nursing home staffing levels on antipsychotic utilization.

By utilizing variation in neighboring nursing-home wages as an instrumental variable, we find that

a marginal hour in nurse staffing per resident decreases nursing homes’ utilization of antipsychotics

by 6.039 residents on average. Similarly, through our difference-in-differences approach that exploits

exogenous changes in the minimum staffing laws of several states, we find that a marginal hour

of nurse staffing per resident leads to 6.262 fewer residents on antipsychotics per nursing home.

Besides being consistent across our dual methods, our findings are robust to changes in specification,

alternative definitions of the study’s outcomes and explanatory variables, and controlling for the

prevalence of related conditions with antipsychotic medications such as schizophrenia. We further

find that the causal relationship between staffing and the usage of antipsychotics is strongest among

urban and for-profit nursing homes.

We thus contribute to the literature rigorous causal estimates of the effects of nursing home

staffing on antipsychotic utilization. Our estimates are novel because first, we use comprehensive

usage rates of antipsychotic drugs at individual U.S. nursing homes obtained via FOIA requests;

second, we use panel data range from 2014 to 2019; third, we exploit exogenous variation from the

instrumental variable and state minimum staffing laws to estimate causal effects, which have been

absent in previous research conducted across multiple disciplines (see, e.g., Mattingly 2015).

6.2. Policy Contribution

At present, national attention has returned to reforming the oversight of U.S. nursing homes.

Because our findings establish a direct causal link between staffing levels and antipsychotic drug

usage in nursing homes, they provide strong evidentiary support for strengthening and reviving

the implementation of minimum staffing laws.

Our empirical inquiry is timely. In February 2022, the White House announced a new regulatory

initiative to be implemented by CMS, which would establish minimum staffing requirements for

nursing homes (The White House 2022). Along with the accompanying initiatives, this regulatory

effort promises to become the most significant set of reforms since the 1987 passage of the Nurs-

ing Home Reform Act, which established CMS oversight and state inspections of nursing homes

(Morford 1988).

As a key part of this initiative, on April 22, 2024, Centers for Medicare & Medicaid Services

(2024b) finalized its adoption of new minimum staffing standards for CMS-certified nursing homes.
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The new federal minimum staffing standards require at least 3.48 overall nurse staffing hours per

resident day, 0.55 registered nurse hours per resident day, and 2.45 nurse aide hours per resident

day.

Despite the potential benefits, the new federal staffing standards remain controversial and polit-

ically charged. Citing the difficulties of hiring nurse staff, the nursing home industry has staunchly

opposed the rule’s adoption (Chidambaram et al. 2024, AHCA 2024). Soon after the CMS final-

ized the minimum staffing standards, a Congressional Review Act was introduced to overturn it

(Grebbin 2024). Currently, only about 59% of nursing homes meet the requirement of 3.48 overall

nurse staffing hours per resident day, and 19% of nursing homes meet all three of the final rule’s

required staffing minimums (Chidambaram et al. 2024).

Therefore, correct, complete, and rigorous assessments of the cost and benefits of minimum nurse

staffing standards are of pressing and highly relevant policy importance. Policymakers and industry

stakeholders alike should consider the consequences of short staffing on malfeasance, including the

abuse of antipsychotics. To estimate the potential impact of the newly introduced standards, we

first compute the total number of staff hours per resident day that each nursing home in our data

would need in order to comply with the staffing minimums. Using the 2019 staffing levels, we find

that all of the nursing homes in our data combined, which represent almost the entire nursing

home industry in the U.S., would require 3,999 staff hours per resident day in total and that such

increased staffing levels would result in 24,148 fewer patients receiving antipsychotic medication.

Of the total of 249,025 patients who received antipsychotic medication in 2019, this reduction

represents a 9.6% decrease in the patient population receiving antipsychotic medication, bringing

the percentage of patients on antipsychotic medication down from 19.9% to 18.0%.

In addition to the regulation of minimum staffing standards, our findings also highlight the

importance of comprehensive public reporting of data and the necessity of audits covering nursing

homes’ use of antipsychotic medication. Recently, in January 2023, the CMS announced that they

would audit nursing homes’ schizophrenia coding and adjust the publicly published quality ratings

of facilities where it uncovers erroneous coding (Centers for Medicare & Medicaid Services 2023).

Our findings suggest that both auditing and more comprehensive data disclosures are essential

steps for protecting residents against the abuse of antipsychotic medication at nursing homes,

especially those that are short-staffed.
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Online Appendices

Appendix A: Data Sources and Sample Construction

Table OA.1 List of Data Sources and Coverage

Data Unit of observation Time range Source
1. Antipsychotic drug use data
(comprehensive)

Nursing home & year-quarter 2012 Q2–2021 Q1 FOIA

2. CMS Nursing Home Compare Nursing home & year-month Jan. 2014 – Sept.
2021

CMS

3. LTCFocus Nursing home & year 2014 – 2021 LTCFocus
(2024)

4. CMS skilled nursing facility cost
reports

Nursing home & year 2014 – 2021 CMS

5. Zipcode-level census Zipcode & year 2014 – 2021 U.S. Census
Bureau

Notes. CMS: The Centers for Medicare & Medicaid, FOIA: Freedom of Information Act Request

Table OA.2 Data Sample Construction

Step Time range Observations
Unit of observation: Nursing home & year-quarter

1. Initial data: Antipsychotic drug use data (FOIA) 2012 Q2–2021 Q1 509,827
(16,411 nursing homes)

2. Merge with CMS Nursing Home Compare 2014 Q1–2021 Q1 416,467
Consolidation to yearly — Unit of observation: Nursing home & year

3. Merge with LTCFocus (2024), CMS skilled nursing
facility cost reports, and Census data

2014 – 2021 82,789

4. Exclude nursing homes without CBSA codes (CBSA
== ”99999”)

2014 – 2021 70,480

5. Exclude nursing homes with reported occupancy >
150%

2014 – 2021 70,405

6. Exclude observations with missing values in our control
variables

2014 – 2021 63,955

7. Exclude COVID-19 period (2020 and 2021 Q1) 2014 – 2019 58,254
(10,662 nursing homes)

Notes. CMS: The Centers for Medicare & Medicaid, FOIA: Freedom of Information Act Request, CBSA: Core Based Statistical
Area.
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Appendix B: Full Regression Table

Table OA.3 Full Table: Estimated Effects of Nursing Home Staffing on Antipsychotic Usage

Outcome Number of residents on antipsychotics
Model 2SLS base 2SLS with controls

Variable (1) (2)
Nurse staff HPRD −6.078∗ −6.039∗

(2.438) (2.458)
number of residents — 0.178∗∗∗

(0.014)
occupancy — −0.057∗

(0.025)
acuity index — 0.069∗

(0.034)
activities of daily living score — −0.236∗∗

(0.073)
% of residents on ventilators — −0.109∗

(0.048)
average age of residents — −0.357∗∗∗

(0.034)
% residents on Medicaid — 0.023∗∗∗

(0.003)
% of white residents — 0.024∗∗∗

(0.005)
median income — 0.000023∗

(9.38e-06)
senior population — −0.000286∗

(0.000136)
First stage
Hourly wage in neighborhood NHs −0.0048∗∗∗ −0.0046∗∗∗

(0.0009) (0.0009)
F-statistic 26.184 25.668

Fixed effects Nursing home Nursing home
Year Year

Number of nursing homes 10,662 10,662
Observations 58,254 58,254

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Olea and Pflueger
(2013) F-statistic is reported. HPRD: hour per resident day, NH: nursing home, 2SLS: 2-stage least squares.
+p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.
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Table OA.4 Separate Analysis by Nursing Home Attribute

Outcome Number of Residents on Antipsychotics
Model 2SLS

Nursing Home Characteristics Ownership Physical Location

(1) (2) (3) (4)
For profit Non-for-profit Urban Rural

Nurse Staff HPRD −5.218∗ −10.47 −7.281∗∗ 4.647
(2.598) (8.506) (2.469) (11.33)

Number of residents 0.200∗∗∗ 0.138∗∗∗ 0.176∗∗∗ 0.248∗∗

(0.0159) (0.0365) (0.0138) (0.0817)
Occupancy level −0.0542∗ −0.137 −0.0745∗∗ 0.0434

(0.0253) (0.103) (0.0266) (0.0924)
Median income 0.0000301∗∗ 0.00000359 0.0000311∗∗ −0.00000188

(0.0000109) (0.0000217) (0.0000108) (0.0000340)
Senior population −0.000192 −0.000307 −0.000251+ −0.0000516

(0.000144) (0.000503) (0.000147) (0.000380)
Acuity index 0.0631+ 0.0280 0.0701+ 0.129

(0.0370) (0.120) (0.0369) (0.118)
Activities of daily living score −0.263∗∗∗ −0.186 −0.286∗∗∗ 0.0801

(0.0784) (0.262) (0.0787) (0.285)
% residents on ventilators −0.106∗ −0.0803 −0.108∗ 0.0148

(0.0483) (0.212) (0.0511) (0.173)
Average age −0.402∗∗∗ −0.129 −0.358∗∗∗ −0.433∗∗

(0.0331) (0.128) (0.0362) (0.149)
% of residents on Medicaid 0.0245∗∗∗ 0.0111 0.0238∗∗∗ 0.0185∗∗

(0.00317) (0.00988) (0.00334) (0.00692)
% of white residents 0.0275∗∗∗ 0.00682 0.0305∗∗∗ -0.00950

(0.00556) (0.0159) (0.00614) (0.0159)
First stage
Neighbor wage in neighborhood NHs −0.005∗∗∗ −0.0031+ −0.006∗∗∗ −0.001

(0.001) (0.0018) (0.001) (0.001)
F-statistics 23.83 2.74 29.95 0.905

Fixed effects Nursing home Nursing home Nursing home Nursing home
Year Year Year Year

Observations 43,592 14,009 47,924 10,083
Nursing homes 8,227 2,846 8,872 1,972

Notes. Standard errors clustered at the nursing home level are reported in parentheses. Olea and Pflueger (2013) F-statistic is
reported. HPRD: hour per resident day, NH: nursing home, 2SLS: 2-stage least squares. +p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p <
0.001.
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Appendix C: Analysis including the COVID-19 Pandemic Year of 2020

Table OA.5 Results including the Pandemic Year 2020

Sample Including the Year 2020
Model main model with schizophrenia

(1) (2)
Nurse staff HPRD −5.619∗ −7.136+

(2.341) (3.775)
First stage
Hourly wage in −0.005∗∗∗ −0.006∗∗∗

neighborhood NHs (0.001) (0.002)
F-statistics 28.984 17.511

Controls Yes Yes
Nursing home fixed effects Yes Yes
Year fixed effects Yes Yes
Number of nursing homes 10,690 5,554
Observations 63,955 24,249

Notes. Standard errors clustered at the nursing home level are reported in parentheses. In column 1, control

variables include all the control variables in the main analysis. In column 2, the variable, % of residents
with schizophrenia and bipolar disorders, is added to the control variables. Olea and Pflueger (2013) F-

statistics are reported. HPRD: hour per resident day, NH: nursing home, 2SLS: 2-stage least squares.
+p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.
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Appendix D: Alternative Difference-in-differences Estimators

Table OA.6 Difference-in-differences Results Using Alternative Estimators

State (1) (2) (3) (4) (5) (6) (7)
WA LA OK MA MD AR CA

Panel A. Effects on staffing level
ATT (DRIPW) 0.159∗∗∗ 0.207∗∗∗ 0.326∗∗∗ 0.242∗∗ −0.027 0.0127 −0.001

(0.0441) (0.0336) (0.0441) (0.0773) (0.0370) (0.0457) (0.0675)
ATT (DRIMP) 0.159∗∗∗ 0.206∗∗∗ 0.323∗∗∗ 0.265∗∗ -0.0263 0.0125 0.133∗∗∗

(0.0412) (0.0337) (0.0435) (0.0884) (0.0312) (0.0453) (0.0278)
ATT (IPW) 0.166∗∗∗ 0.199∗∗∗ 0.328∗∗∗ 0.256∗∗ -0.0220 0.0140 -0.338

(0.0475) (0.0339) (0.0447) (0.0822) (0.0493) (0.0454) (0.291)
Observations 9,710 11,097 11,324 11,721 11,122 10,553 16,173

Panel B. Effects on antipsychotic drug use
ATT (DRIPW) −1.033∗ −1.316∗ −1.864∗∗∗ −1.425∗∗ −0.075 0.413 0.837

(0.437) (0.520) (0.421) (0.545) (0.719) (0.319) (0.566)
ATT (DRIMP) -1.009∗ -1.305∗ -1.831∗∗∗ -1.327∗ -0.210 0.423 0.416

(0.429) (0.508) (0.412) (0.591) (0.532) (0.318) (0.346)
ATT (IPW) -1.052∗ -1.255∗ -1.915∗∗∗ -1.292∗ -0.262 0.369 0.929

(0.459) (0.531) (0.430) (0.578) (1.002) (0.313) (1.146)
Observations 9,710 11,097 11,324 11,721 11,122 10,553 16,173

Notes. Standard errors clustered at the nursing home level are reported in parentheses. DRIPW: doubly robust

estimator based on inverse probability weighting (Sant’Anna and Zhao 2020, Callaway and Sant’Anna 2021).

DRIMP: improved doubly robust estimator based on inverse probability of tilting and weighted least squares
(Sant’Anna and Zhao 2020, Callaway and Sant’Anna 2021). IPW: inverse probability weighted estimator

(Abadie 2005). The control group consists of nursing homes in states that have never implemented a minimum

staffing law during our study period, including Alabama, Alaska, Hawaii, Kentucky, Missouri, Nebraska,
Nevada, New Hampshire, North Dakota, Rhode Island, South Dakota, and Virginia. Control variables include

occupancy, average age of residents, acuity index, activities of daily living score, % of residents on ventilators,
% of residents covered by Medicaid, % of residents who are white, median income, and number of senior

population. +p < 0.1,∗ p < 0.05,∗∗ p < 0.01,∗∗∗ p < 0.001.


	CovPage.pdf
	WP2025-3, LimMoonPark.pdf
	Introduction
	Background and Related Literature
	Antipsychotic Medication Usage in Nursing Homes
	Antipsychotic Medication and Staffing Decisions
	Effects of Staffing on Operations

	Data, Sample, and Variables
	Data
	Sample
	Variables
	Outcome variable
	Explanatory variable
	Control variables


	Econometric Approach
	Endogeneity
	Instrumental Variables
	Difference-in-differences

	Results
	Results: Instrumental Variables
	Results: Difference-in-differences
	Heterogeneous Effects of Staffing Levels by Nursing Home Characteristics
	Robustness Checks
	Specification Tests
	Controlling for the Prevalence of Schizophrenia and Bipolar Disorder
	Alternative Variables
	Including COVID-19 Year
	Alternative Difference-in-differences Estimators


	Discussion and Conclusions
	Contribution of Causal Analysis
	Policy Contribution

	Data Sources and Sample Construction
	Full Regression Table
	Analysis including the COVID-19 Pandemic Year of 2020
	Alternative Difference-in-differences Estimators




