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Abstract: Objectives: As COVID-19 spread across the United States, and most rapidly in skilled nursing homes,
public health departments developed policies to mitigate the spread. Concerns grew over whether this spread
linked to nursing home quality. Design: We collected data on nursing home quality, staffing, and COVID-19
cases from the Centers of Medicare and Medicaid Services. Demographic data was sourced from Long Term
Care Focus. Settings and Participants: The analysis used cross-sectional data from 1,025 California skilled
nursing homes including quality ratings and confirmed COVID-19 cases between May 17, 2020 and August
23, 2020. Methods: The dependent variable was confirmed COVID-19 cases among residents. The primary
independent variables were Overall Rating and Health Inspection Rating, while also including nursing home
beds, patient race composition, ownership and geographic classification. Results: 5-Star Overall Rating, 5-Star
Health Inspection Rating, and a lower count of health inspection deficiencies each predicted a lower likelihood
of having a confirmed COVID resident case (p<.05). Conclusions and Implications: Skilled nursing homes
with higher quality ratings and fewer health inspection deficiencies were less likely to have a confirmed case of

COVID-19 among residents.
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Introduction

A Center for Disease Control investigation in early March
revealed how quickly SARs-CoV-2 spread in one Washington
nursing home in King’s County. After just a few weeks,
the nursing home’s index case infected an additional 167
employees, residents and visitors (1). Tracers found that
this outbreak spread to eight more facilities and continued
spreading across the county and beyond. This King’s County
nursing home had the highest possible CMS Star Rating for its
region, and its outcome posed the question of how to prepare
skilled nursing homes(NH) for the spread of a new, unknown
virus.

Links Between CMS Scores and Quality Qutcomes

Center for Medicare and Medicaid Services (CMS) Star
Ratings come from a step-wise mix of scores on health
inspections, quality, and staffing, before weighing the final
score relative to performance in the state (2). The overall score
is limited first by the health inspection rating, with the scores
from the other components added thereafter. NHs with the top
10% of overall scores in each state receive a 5-star rating. High
CMS Star Ratings significantly associate with improved quality
outcomes including lower rates of emergency department visits,
30-day and 90-day readmissions, and mortality (3-5).

The components of the CMS Star Rating also demonstrate
significant effects. Higher health inspection scores associate
with a lower risk of 30-day readmissions and mortality (3,
6). Higher quality star ratings associate with a 20% reduction
in ED visits (5). A meta-analysis of 150 studies determined
that a higher ratio of nursing staff to patients is also linked to
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fewer health inspection deficiencies, lower readmissions and
improved CMS clinical quality metrics (7).

Previous Factors Attributed to the Spread of COVID-19 in
Skilled Nursing Homes

Key factors determined to influence the spread of COVID-
19 include a difficulty identifying individuals infected with
COVID-19 based on signs and symptoms alone, industry
trends in nursing home staff working at more than one facility,
and location of a facility in a region with high community
prevalence of the virus (8, 9).

Metropolitan regions have found that individuals of Black
and Latinx race or ethnicity disproportionally make up more
confirmed COVID-19 cases and deaths. A project within the
San Francisco Mission District discovered that when testing
was offered to all residents in the community, individuals
identifying as Latinx represented 40% of those tested but 95%
of confirmed cases (10). Risk factors listed include inability to
shelter in place and maintain income, frontline service work,
unemployment, and household income <$50,000 a year. In
May, a multi-state analysis revealed that NHs with a lower
percentage of white residents, and a greater percentage of Black
residents, are significantly more likely to have COVID-19
outbreaks (9).

While some studies found an inconsistent association
between Overall CMS Star Rating and COVID-19 cases (8, 9),
others found a significant link, including a study in California
that analyzed cases reported between May 17th through June
2nd (11, 12). Since then, California Department of Public
Health announced a new mandate for proactive facility-wide
testing which had the effect of accelerating the identification
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of one or more cases. By looking at a longer time period, this
study seeks to further understand the relationship between
COVID-19 resident cases and quality ratings in California NHs.
It also aims to determine whether health inspection findings
associate with confirmed cases, while adjusting for NH size,
ownership status and a higher percentage of white residents
compared to California average.

Methods

Cross-sectional data was collected for 1,101 skilled nursing
homes in California through CMS publicly-reported data and
the Shaping Long Term Care in America Project. NHs were
then selected for analysis based on availability of data for each
of the variables.

Data Collection

COVID-19 case volume was reported by NHs from May
17 to August 23, 2020 to the CDC National Healthcare Safety
Network and shared via the CMS Nursing Home COVID-19
Public File (13). Reporting of cases prior to May 17th, 2020
was deemed optional. NHs were categorized by those with one
or more reported resident cases or no reported resident cases.

Patient demographic data was collected from the Shaping
Long Term Care in America Project, supported by the National
Institute on Aging and Brown University (14). Though the
dataset’s creation was several years ago, recent studies have
used it to demonstrate significant association between skilled
nursing home composition of race/ethnicity and presence of
confirmed COVID-19 cases (9, 11, 12). NHs were categorized
into either above the California average percentage of white
residents (59.5%), or not above average.

NH metrics were extracted from the Centers of Disease
Control to measure urban-rural classification, and from CMS
Nursing Home Compare to measure bed count and ownership
status (15). While previous studies found significance with
occupancy rate (12), CMS data on NH occupancy showed
declines each week reported, potentially confounding more
SNFs reporting suspected or confirmed cases. To avoid
selecting a confounding variable, we used CMS bed count.

CMS Nursing Home Compare also provided measures of
quality, including Overall Star Rating, Staffing Star Rating, and
Health Inspection Star Rating. To understand these measures
more deeply, we also looked at count of health deficiencies by
CMS-defined category, as well as average licensed practice
nursing (LPN) hours per resident per day, which uses mandated
payroll reporting and total residents at the NH to estimate the
average. Since NHs are required to have a minimum of one
registered nurse staffed at all hours, LPN staffing is more
likely to vary independent of bed count (2). We used the Health
Inspection rating as the primary independent variable as it has
the greatest potential to impact a NH’s overall rating (2).
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Statistical Analyses

We measured significant relationships between the
independent variables and confirmed COVID-19 cases using
univariate logistic regressions. We then used multivariate
logistic regressions to estimate the impact of the independent
variables on cases while adjusting for size, ownership, above
average white resident percentage and rural classification.
Analyses were performed using R v 3.6.3. (R Core Team, 2020)

After analyzing the effect of Overall Star Rating, we looked
at the rating components including Health Inspection Star
Rating, and Staffing Star Rating. In order to understand the
effect of specific deficiencies on cases, we used the three
most common categories of Health Inspection deficiencies as
defined by CMS: Quality of Life, Resident Rights and Resident
Assessment and Care Planning deficiencies.

Results

We analyzed the results of 1,025 skilled nursing homes in
California. Table I shows characteristics of NH by COVID-19
confirmed resident case volume and the resulting significance
of independent logistic analyses. Each CMS quality or
demographic variable showed a significant relationship to
COVID-19 cases reported, with the exception of staffed LPN
hours per patient per day.

To understand the relationship between Health Inspection
Ratings and COVID-19 cases, we used a multivariate logistic
regression. Table II summarizes the results of the first model
which used Health Inspection Rating as the key independent
variable. Health Inspection Rating showed a significant
association to cases, while adjusting for beds, white resident
percentage, ownership, and rural classification. The Odds Ratio
of a 5-Star Rated NH having a case reported compared to a
1-Star NH was 0.45, suggesting these nursing homes are 45%
less likely to have a confirmed case (95% CI 0.25 — 0.80). For
each additional bed, the odds of a confirmed case increased by
1.5% (OR 1.015,95% CI 1.01 - 1.02). NHs with above average
percentage of white residents had a 57% lower likelihood of
a confirmed case (OR 0.565, 95% CI 0.42 - 0.75). For-profit
ownership associated with a 70% greater likelihood (OR 1.704,
95% CI 1.13 — 2.58). Lastly, nursing homes in rural areas had a
16% lower likelihood of a confirmed case (OR 0.162, 95% CI
0.06 — 0.46). Using these variables, Figure I plots the model’s
predicted probability of each indexed nursing home to have a
confirmed case. If the facility did have a case during the time
period, they are marked in red while those without are marked
in green.

Individual deficiencies also have a significant relationship
with COVID-19 cases. Table III summarizes the results in this
second model. Each quality deficiency associated with a 6.7%
greater likelihood of a confirmed case (OR 1.067, 95% CI
1.04 — 1.10) and each resident rights deficiency associated with
an 8.1% greater likelihood (OR 1.081, 95% CI 1.04 — 1.12).
Among the categories, care plan deficiencies had the largest
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Table 1
Characteristics of Skilled Nursing Homes with COVID-19 Cases (n=1025)

0 Cases 1-10 Cases >10 Cases P Value
Nursing Homes Reported by August 23, 2020 291 359 375
Overall rating <0.001
1 18 (6.2%) 31 (8.6%) 56 (14.9%)
2 33 (11.3%) 70 (19.5%) 88 (23.5%)
3 42 (14.4%) 70 (19.5%) 82 (21.9%)
4 61 (21.0%) 92 (25.6%) 65 (17.3%)
5 137 (47.1%) 96 (26.7%) 84 (22.4%)
Health inspection rating <0.001
1 39 (13.4%) 73 (20.3%) 101 (26.9%)
2 51 (17.5%) 89 (24.8%) 119 (31.7%)
3 69 (23.7%) 96 (26.7%) 67 (17.9%)
4 84 (28.9%) 79 (22.0%) 70 (18.7%)
5 48 (16.5%) 22 (6.1%) 18 (4.8%)
Health inspection deficiency category
Quality of life 5.8 (5.6) 9.2 (6.1) 11.1(7.5) <0.001
Resident rights 43(3.8) 6.2 (4.0) 7.2 (49) <0.001
Resident assessment and care planning 42 (3.1) 6.1 (3.8) 70 (4.3) <0.001
Staffing rating <0.001
1 4 (1.5%) 6 (1.8%) 1 (0.0%)
2 51 (19.2%) 97 (28.5%) 157 (44.0%)
3 79 (30.0%) 145 (42.6%) 139 (38.9%)
4 87 (32.7%) 64 (18.8%) 48 (13.4%)
5 45 (16.9%) 28 (82%) 12 (34%)
N/A 25 19 18
LPN staffing hours per resident per day 1.17 (0.43) 1.13(045) 1.1 (0.37) 0.0796
Beds 79 (39) 103 (45) 120 (64) <0.001
White resident percentage <0.001
>59.5% 198 (68.0%) 186 (51.8%) 155 (41.3%)
<=59.5% 93 (32.0%) 173 (48.2%) 220 (58.7%)
Ownership <0.001
Non-Profit 68 (23.4%) 52 (14.5%) 26 (6.9%)
For Profit 223 (76.6%) 307 (85.5%) 349 (93.1%)
Geographic Classification <0.001
Urban 268 (269%) 358 (35.9%) 371 (37.2%)
Rural 23 (82.1%) 1 (3.6%) 4 (14.3%)

Count(percentage) are presented for overall and health inspection ratings, white resident percentage, ownership, and geographic classification. Mean(standard deviation) are presented for
health inspection deficiency categories, beds and LPN staffing hours. P Value measures the significance of independent logistic regressions with the variable and presence of a confirmed
COVID-19 case; Sources: CMS Nursing Home COVID-19 Public File, CMS Minimum Data Set, LTC Focus, CDC
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effect size where each additional deficiency increased the
likelihood of a confirmed case by 11.3% (OR 1.113, 95% CI
1.07 - 1.16).

Table 2
Regression Results of Health Inspection Rating and COVID-19
Cases among California Skilled Nursing Homes

Figure 1
Graph of 1,025 Skilled Nursing Homes’ Predicted Probability
of a Confirmed Case of COVID-19 Among Residents

Covariates COVID-19 Cases
OR 95% CI of OR
LL UL

Health inspection rating

1 Reference

2 1.169 0.752 1.818
3 0.722 0.469 1.113
4 0.733 0473 1.138

5 0451+ 0.253 0.803
Beds 1.015% 1.011 1.018
White resident percentage

<=59.5% Reference

>59.5% 0.565% 0423 0.754
Ownership

Non-Profit Reference

For Profit 1.704% 1.127 2.576
Geographic Classification

Urban Reference

Rural 0.162* 0.057 0.461

Measuring Likelihood of COVID-19 Among Skilled Nursing Home
Residents, Using Health Inspection Rating, Beds, White Resident
Percentage, Ownership and Rural Status

Confirmed Cases
of COVID-19
Among Residents

X o

X 1ormore

Predicted Probability of a
Confirmed Case

[} 250 560 760 1000

Index of Skilled Nursing Homes

(n=1,025)

*p<.001, p<.01, £p<.05; 1025 cases

This graph plots each of the 1,025 nursing facilities against the model’s prediction of a
confirmed case. Facilities are marked with a red “X” if the facility had O resident cases
during the time period and a green “X” if the facility and 1 or more resident cases.

Discussion

This study shows a significant association between a number
of important skilled nursing home quality metrics and the

Table 3
Regression Results of Health Inspection Deficiency Category and COVID-19 Cases among California Skilled Nursing Homes

Covariates COVID-19 Cases
95% CI of OR 95% CI of OR 95% CI of OR
OR LL UL OR LL UL OR LL UL
Deficiency Category
Quality 1.067* 1.038 1.096 Resident 1.081% 1.039 1.124 Care plan 1.113* 1.066 1.162
rights

Beds 1.013* 1.010 1.017 1.014%* 1.010 1.018 1.014%* 1.010 1.018
White resident percentage

<=59.5% Reference

>59.5% 0.605* 0452 0.810 0.555% 0417 0.740 0.551* 0413 0.735
Ownership

Non-Profit Reference

For Profit 1.570% 1.041 2.367 1.634% 1.083 2464 1.610% 1.068 2427
Geographic Classification

Urban Reference

Rural 0.177* 0.062 0.503 0.162* 0.057 0.463 0.154* 0.052 0.455

*p<.001, Tp<.01, £p<.05; 1025 cases
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likelihood of a confirmed COVID-19 case. The association
remained after adjusting for influential NH demographics,
including bed count, white resident percentage, ownership
and rural classification. Figure I plots the model’s success
in predicting if a facility has a confirmed case. The model is
relatively more accurate when a facility has a very low or very
high probability predicted based on these variables.

Fewer quality, residents’ rights or care plan deficiencies
each associate with a lower likelihood of COVID-19 cases.
These findings may answer current questions about the
importance of CMS Health Inspections and also impact future
policies and practices to support quality of care. Experts
recommend increased oversight and regulation of nursing
homes which contrasts with the CMS announcement in June
2020 to reduce frequency of inspections (16, 17). Further
research and transparency is needed to understand the effect
of these changes on patient care as well as how CMS identifies
and categorizes health inspection deficiencies. In September
2020, CMS launched a new website, CareCompare, with less
information about nursing home quality (17). Experts called for
increased transparency on this website of quality ratings and
enforcement of accurate ownership and financial information,
which have proven ties to repeat quality issues (17). Our
research shows that quality ratings and inspection findings have
a meaningful association to the likelihood of an outbreak and
are important data to share.

Because CMS Health Inspection Ratings may be weighted
by the amount of time to respond to deficiencies and the
relative performance of a nursing home compared to others
in its state, a direct count of deficiency types may be more
indicative of infection risk than ratings themselves (2).
This study found significance with the three most common
deficiency types. Future analyses should seek to understand the
effect of other deficiency types on infection control.

While Staffing Rating demonstrated a significant association
with the likelihood of a confirmed case (p<.001), other factors
may limit this significance. These include recent changes
in minimum staffing waivers and the relative movement of
asymptomatic carriers (8). The intersection of quantity of
staffing, quality of training and percentage of shared part-
time staff with other NHs is of considerable interest for future
studies.

Other factors beyond the scope of this study may contribute
to the size of the outbreak, including amount of traffic in and
out of NHs, air exchange rate and amount of physical space per
resident (1, 8, 10).

Additionally, education and supplies for infection prevention
continue to be of importance in preventing the spread (1,
9, 15). Patient-level factors, such as socioeconomic status,
comorbidities or age, may also impact prevalence and
presentation of the virus in NHs. More research is needed to
capture and understand the relative effect of these factors in
addition to quality ratings.

This study design is limited to NHs in only one state,

California. This state was selected in part because of its
mandate for weekly facility testing and relative accuracy of
mandated reporting. Still, the study is limited by the ability and
willingness of NHs to test residents, and the true frequency of
such tests. Due to this, the effect size may be underrepresented
in this analysis.

This analysis does not suggest a causal link between health
deficiencies and COVID-19 outbreak size. It looks to define the
significance of quality ratings in relation to COVID-19 cases,
which can highlight areas of opportunity for future outbreak
management.

Skilled nursing homes with higher quality ratings and
fewer health inspection deficiencies were less likely to have a
confirmed case of COVID-19 among residents. By working to
excel in these measures, while also following current COVID-
19 public health guidelines, skilled nursing homes may impact
their performance on outbreak management of COVID-19 or
other viruses.

Public policies to support ample staffing and adherence
to infection prevention may also provide significant benefit.
Some experts call for the reinstatement and expansion of a
previous requirement for nursing homes to employ a part-
time infection preventionist. CMS reduced this requirement in
2019 from infection preventionists employed “part-time” to
“sufficient time” (19). Beginning January 1, 2021, California
requires a full-time infection preventionist at all skilled
nursing homes (20). Further research should evaluate the
effect of this intervention and others on type and frequency of
health inspection findings, quality of patient care, and overall
prevention of the spread of infectious diseases.
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