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Abstract

Despite the universal and free distribution of the COVID-19 vaccines, disparities in mortality rates
persisted among nursing homes in the United States. How did staff shortages contribute to those
disparities, and how were they affected by county-level social deprivation and county-level political
majorities? To address these questions, we applied inferential analyses on a large longitudinal nursing
home data set from the US Centers for Medicare and Medicaid Services (CMS). We fit a random effects
model to the dataset to estimate 1) the overall effects of vaccination rates and staff shortages on nursing
home residents’ mortality rates, and 2) the same effect moderated by relative deprivation on the county-
level and the political leaning of the counties. Results show that two-week leading vaccination rates
decrease mortality rates, while staff shortages do not have any lagged effects. We observe different
mortality patterns depending on the political leanings of the counties where the nursing homes are
located, but no interaction effects among political leanings, vaccinations, staff shortages, and the social
deprivation level of the county. We find modestly increased mortality rates in counties with strong
Republican or Republican majorities compared to Democratic-majority counties. Our study
corroborates the consensus that vaccinations lower COVID-19 mortality among nursing home residents.
It also demonstrates how political orientations affect mortality.

Keywords: nursing homes, vaccination, staff shortages, COVID-19, social deprivation



Introduction

Undeniably the United States became one of the epicenters in terms of infection and mortality
during the coronavirus pandemic. Data from the World Health Organization (World Health
Organization, 2023) reveals that the country ranks first in both the number of total COVID-19 infections
and deaths, outpacing China (~99 million) and India (~45 million) with over 103 million confirmed
cases by the end of October 2023. The country has also suffered more deaths than any other country.

One particularly vulnerable segment of the population are nursing home residents. Early in the
pandemic, there were indications that nursing home residents and staff are among the most vulnerable.
The advanced age of residents as well as the presence of comorbidities aggravated the possibility of
infection and mortality in these institutions and highlighted the importance of studying drivers of
mortality in such facilities. By May 2020, at least 26 states reported that 50% of deaths related to
COVID-19 happened in Long Term Health Care Facilities (LTHCF) such as nursing homes (Lau-Ng
et al., 2020). Though this has decreased to 23% over time given increasing vaccination rates among
residents and staff and better infection preparedness, among others (Chidambaram, 2022), LTHCF
residents remained a considerable portion of those who have died because of the pandemic.

Studies identified various environmental and institutional characteristics of nursing homes that
explained COVID-19 related infection and mortality. In terms of environment, factors such as "[I]arger
facility size, urban location, greater percentage of African Americans residents, non-chain status, and
state" were related to the increased possibility of having a COVID-19 case (Abrams et al., 2020, p.
1653). Moreover, nursing homes in areas with high and medium social deprivation have also been found
to have more COVID-19 infections than those from low social deprivation areas (Lord et al., 2021). All
of these reinforce the importance of social determinants in understanding health outcomes (Link &
Phelan, 1995; Siegrist, 2011).

Meanwhile, factors from institutional characteristics include pre-existing deficiencies within
the organization, ownership patterns, and staffing levels. Nursing homes with COVID-19 cases in 23
states and the District of Columbia compared to those with none had more reported deficiencies such
as in emergency preparedness (Chatterjee et al., 2020). Ownership was also found to have an impact on
the quality of care. For example, private equity owned nursing homes were less likely to have more
than a week's supply of PPEs (Braun et al., 2020). Braun and colleagues also found that government
run nursing homes had 35.5 less cases per 1,000 residents compared to private equity owned nursing
homes; there was no difference between private equity owned and for-profit and nonprofit nursing
homes.

Perhaps, one of the more consequential institutional characteristics of nursing homes is its
staffing. Prior to the pandemic, nursing staff has been demonstrated to have a positive impact on the
quality of care (Lin, 2014; Zhang & Grabowski, 2004). Throughout the pandemic, research suggested
the mutual dependence of staffing with protective and pharmacological inputs in maintaining the health
of nursing home residents. Harrington (2020) said that having below the required minimum for
registered nurse staffing levels doubles the chance of having a resident with a COVID-19 infection.
Furthermore, staffing is dependent on having sufficient PPEs. Having staff or residents with COVID-
19 increases the chances of shortage but having at least one-week supply of PPEs lowers its probability
(Xu et al., 2020). Moreover, a reversed effect is at least possible. Healthcare personnel has been
repeatedly found to be a contributing factor for the spread of pathogens within healthcare facilities,
among them for example antibiotics-resistant germs in hospitals (Duckro, 2005; Tacconelli & Cataldo,
2008). The shortage of staff could even lead to a decrease or reduction in mortality rates among
residents. However, we do not expect the latter effect to manifest from our type of data, as this would
likely require network data from within the nursing homes on a micro-level.



Gorges and Konetzka (2020) present a more nuanced relationship between staffing and
COVID-19 infections. On the one hand, more hours for registered nurses have increased the likelihood
of having cases. But in nursing homes already reporting cases, more nurse aid and total nursing hours
lowered the chances of having an outbreak. Given that the highest predictor of infection is the per capita
cases per county, they suggest that healthcare workers might inadvertently bring in infections but are
also the same group that can stem its spread.

Nevertheless, the pandemic’s impact was expected to abate given the free and universal
distribution of COVID-19 vaccines. Recognizing possible constraints in supply, the United States
deemed to prioritize healthcare workers and those living in LTHCF in recognition of their vulnerability
(Dooling et al., 2020). The distribution has since expanded and around the time this article is being
written, the United States has administered at least 672.5 million doses of the vaccines (Wolfe et al.,
2023). Several articles related to COVID-19 vaccines demonstrate that higher vaccination rates help in
decreasing COVID-19 mortality rates (McLaughlin et al., 2022; Resciniti et al., 2021).

But it was already apparent that there would be differences in vaccination status and outcomes
across populations. Even after the initiation of the vaccination campaign, unequal infection and
mortality rates persisted among socio-economic groups (Magesh et al., 2021; Sepulveda & Brooker,
2021). One factor contributing to this unequal distribution could be relative deprivation, which also
remains a somewhat contested concept in medical sociology and public health research (Aberg Yngwe
et al.,, 2012; Smith et al., 2012). Another reason could be vaccine hesitation (Fisher et al., 2020;
Khubchandani et al., 2021). Other studies noted persisting racial differences (Riley et al., 2022) or
continuing vulnerabilities for older populations living in LTHCF (Francois Watkins et al., 2022) even
in the post-vaccination phase. Significantly, another pertinent variable seems to be political orientation.
Republican-led states have been found to have more COVID-19 cases and deaths compared to
Democratic-led states (Neelon et al., 2021). Vaccination rates also tend to be higher in Democratic
counties compared with Republican counties (Ye, 2023).

The aforementioned necessitate continuing research on COVID-19 mortality to mitigate its
effects especially for vulnerable populations such as nursing home residents. Considering this, our
research proposes to understand the relationship between staffing levels and dominant political party
on one hand, and COVID-19 mortality in nursing homes on the other hand. Specifically, we ask how
did staff shortages contribute to those disparities, and how were they affected by county-level social
deprivation and county-level political majorities? We fit a random effects model to estimate 1) the
overall effects of vaccination rates and staff shortages on nursing home mortality rates, and 2) the same
effect moderated by relative deprivation on the county-level and political leaning of the counties. We
move beyond infection rates to focus on mortality given that COVID-19 vaccinations do not reliably
prevent (re)infection. Our study corroborates the consensus that vaccinations lower COVID-19
mortality among nursing home residents. It also demonstrates how political orientations affect mortality.

Hypotheses

Vaccination

We strongly expect to be able to reproduce the effect of COVID-19 immunization on institutional levels
using longitudinal data. Nursing homes with higher vaccination rates among residents should see a
beneficial impact on the mortality rates. Speculatively a decreasing effect on the infection rates could
be observable too, but it remains disputed to what extent COVID-19 vaccinations effectively
contributed to preventing transmissions (Puhach et al., 2022). A secondary indirect effect of the
protection of the vaccination should be that they lower the level of care required to treat patients, and
thus enable a better allocation of nursing home resources. As the vaccine itself becomes most effective



around two weeks after the second shot, we will analyse the time-lagged effect of the vaccination rates.
We thus hypothesize:

o H1: Anincrease in nursing home vaccination rates leads to a lagged decrease in nursing home
mortality rates.

Staff shortages

As professional nursing staff is essential in the fight against COVID-19, a shortage of staff is expected
to have direct effects on the mortality rates of residents. We expect a lagged effect considering that
nursing staff could compensate in the short-term for the lack of workforce through labor intensification.
This is in any case not sustainable. Even though nurses carry a heavy burden in the anti-pandemic
actions, so do clinical health workers and aides. A shortage of them is expected to similarly increase
the care needs and resident mortality. As both pharmacological and personnel resources have been
crucial for the protection of nursing home residents, we postulate that the first one do not compensate
for the latter one, i.e., the vaccination cannot fully replace a sufficiently staffed nursing home because
even though vaccinations may prevent severe symptoms following infection, the residents of nursing
homes are generally those who are much more likely to need medical assistance. We therefore
hypothesize that:

o H2: A shortage of nursing home staff leads to a lagged increase in nursing homes resident
mortality rates.

Social Deprivation

Due to the universal and free distribution of the COVID-19 vaccines provided by the federal
government, the protection provided by the vaccines was expected to be comparable across counties.
In case of relative deprivation, even if the vaccination would raise protection levels equally for everyone
on average, unequal infection and mortality rates would remain, depending on the deprivation level of
the county. Arguably, the same is expected to be true for staff shortages. Even if the shortage affects
the services and care work relatively equally across nursing homes, the relative deprivation between
home counties for the nursing homes would remain. We hypothesize:

o H3a: The association between resident vaccination rates and a decrease in nursing home
resident mortality rates is stronger in counties with lower social deprivation.

o H3b: The association between staff shortages and an increase in nursing home resident
mortality rates is stronger in counties with higher social deprivation.

Political Orientation

Views on COVID-19 policies varied significantly between political alignments in the US. This is true
for the electorate of the main parties (Blendon et al., 2021; Porteny et al., 2022), as well as the political
elites (Flores et al., 2022; Shin et al., 2022). As many COVID-19 policies were executed on a state,
county, or community level, their stringency was to a substantial degree dependent on the local political
situation. Democratic voters and party elites were consistently more in favor of political measures
relying on government resources than Republican voters and elites. Despite the federal management of
the nursing homes, we expect that political majorities manifest in variations of nursing home mortality
rates. As the efficacy of vaccinations as a pharmaceutical product is not affected by political orientation,
we hypothesize that through differing implementations of COVID-19 policies, political majorities act
as moderating forces, strengthening or weakening the associations of the vaccinations and the shortages.



o Hd4a: The association between resident vaccination rates and a decrease in nursing home
resident mortality rates is stronger in Democratic majority counties.

o H4b: The association between staff shortages and an increase in nursing home resident
mortality rates is weaker in Democratic majority counties.

Data, Model, and Methods

Data

We used CMS data from the beginning of the reporting of the vaccination rates on May 30, 2021, until
October 9, 2022. The CMS data consisted of 1,094,619 rows from around 15,500 nursing homes across
the US. For the county-level deprivation scores, we used data from the Social Deprivation Index (SDI)
of the Robert Graham Center from 2015-19. For the political orientation the county-level results data
from the MIT Election Data and Science Lab (MEDSL). All datasets are publicly available. After
merging the datasets and excluding incomplete cases, we were left with 819,884 rows. Some counties
in the US do not have any CMS nursing homes, others are in US overseas territories, and in a few cases,
the administrative delimitation in the counties has changed in the past few years; these cases have been
dropped. The complete cases dataset thus consisted of 74.901 per cent of the initial data set.

Model

The weekly mortality rate per 1,000 nursing home residents (Mg) was used as the numeric outcome
variable. We selected a set of independent predictors such as the cumulative residents’ full vaccination
rate (Vr), which indicates the share of fully vaccinated residents! out of the resident population. Three
binary variables also indicated whether nursing homes experienced weekly shortages of nurses (Sy),
aide nurses (Sa), and clinical personnel (Sc). To test whether and if so, to what extent the relationship
between vaccination rates and shortages depends on broader county-level deprivation and political
orientation, we integrated the county SDI and the county-level election results of the last presidential
elections as moderating variables. The SDI is an index consisting of several sociodemographic
indicators, including the population share below the 100 percent federal poverty level, the population
percentage of people above age 25 with less than 12 years of education, the percentage of unemployed
between the age of 16 to 64, and four measures on the housing unit. It has a range from 0 to 100, where
a higher number indicates higher levels of social deprivation. The political orientation of the counties
was recoded as a categorical variable, with two different variations: in one case, a binary variable
indicating which party held a majority in a county. In the second case, a variable with four categories,
where counties with either Democrat or Republican voter shares of 75% or more were seen as Strongly
Democrat and Strongly Republican, respectively. The rest was marked as either Democrat or
Republican depending on the stronger party in each county.

Methods

Since our data consists of repeated measures over time for each nursing home, we utilized a random
effects model where the clusters are the institutions. We are assuming that subject-specific effects or
individual effects are uncorrelated with our chosen independent variables. We fit four random effects
models, following the general form:

(1) Yiero = xieBi + a + (u; + €5¢)

1 Considered as those who have received at least two shots.



The response Y;; ., is the weekly mortality rate of the ith nursing home at time t+2. For the first model,
the explanatory variables are Vg, S, Sa and Sc, shown as the predictor variables x; at time t, with the
slope coefficient for the ith nursing home ;. The intercept a in a random effects model shows the
mean of all effects specific to the units. y; is the variance for the ith nursing home, which is assumed to
be time constant across the observed time. €;, is the nursing home specific error term, assumed to be
time variant. The same time lag of the dependent variable was used for all four models. For the third
and fourth model we used the same outcome variable as the for the first two models, but we added the
interaction terms between the continuous SDI and the political orientations as additional explanatory
variables.

Results

We calculated summary statistics for all variables (Table 1) and visualized weekly means from the
beginning for the mortality rates dependent on SDI (Fig. 1) and political orientation (Fig. 2). The mean
Mg across all nursing homes during the selected period was 0.382 per 1,000 residents, peaking at 1.371
residents in week 34 after the beginning of the vaccination, and reaching a minimum in week 45 with
0.053 resident deaths per 1,000. The mean Vr was 86.26%, plateauing in week 55 after the beginning
of the vaccination at 89.477%. Shortages of nurses and nursing aides were reported in 27.132% and
29.099% of all observations, shortages of clinicians were much rarer (2.985%). As the visual inspection
indicates, the correlation between shortages for nurses and nursing aides is high, at r=0.850. (Fig. S1).
Due to such a high coefficient, we decided to drop Sa in our inferential models. The correlation between
Sn and Sc is substantially lower (r=0.265). In week 72, the last week of the observed period, the number
of nurse shortages reached its maximum, with around 90.043% of all nursing homes indicating being
short on staff, for aides equally in week 72 with 93.78%, and for clinicians in week 70 with 8.014%. As
the visualizations for Sy and Sc also show, there was a sudden increase after week 52 from which point
on, most nursing homes lacked enough nursing staff until the end of the data collection. This likely is a
reflection of the overall trend of severe staff shortages across nursing home facilities in the US,
assumingly fuelled by a bundle of reasons, among them a high turnover rate, a high infection and
sickness rate among health care workers, labor strikes, and job exits due to persistent demanding
workloads. For example, according to the Bureau of Labor Statistics, registered nurses in nursing care
facilities earned on average a mere US$37.11/hour by May 2022 (U.S. Bureau of Labor Statistics, 2023).
The graphs for the Vg indicate a very steep increase within the first weeks of the vaccination, the mean
of the week of the first report was already at 79.416 percent. (Fig. S2) After around 85 per cent
vaccination rate, the increase attenuates, and the mean rate fluctuates between around 85 and 90 percent.
A similar, non-linear trend can be observed for the Mg, where until around week 40 an increasing slope
can be observed, followed by a more stable trend until the end of the data reporting (Fig. S2).

The results from our random effects models are shown in Table 2. For our first model, we included Vg,
S and Sc as independent variables, and the week count as a control of time. As the vaccination displays
its full protective potential after around two weeks, we calculated the dependent variable, Mg, with a
two weeks lead. We find a measurable significant decreasing effect of the vaccination on the weekly
Mg (8 = —0.002,p < 0.001). The shortage in nurses (8 = 0.013,p = 0.302) and the clinicians (f =
—0.005,p = 0.847) both have a non-significant effect on the weekly Mg. In the second model, we
included the SDI and the political affiliation as predictors of the weekly Mg. Whereas the vaccination
rate coefficient increases by small amount (f = —0.003,p < 0.001) and remains significant, the
shortages again do not seem to have any significant nor substantial effects (8 = —0.005,p =
0.684; B = 0.001,p = 0.965).



Table 1: Descriptive Statistics

Variable (Numeric) N Mean St. Dev. Min. Max.
Resident Mortality (weekly, per 1000) 819,884 0.382 3.715 0.00 500.000
Resident Vaccination (cumulative) 819,884 86.260 12.227 0.00 100.00
SDI 819,884 45.980 27.946 1.00 100.00
Variable (Categorical) Category N Cum. N Percentage Cum. Percentage
Yes 222,451 222,451 27.132 27.132
Shortage Nurses
No 597,433 819,884 72.868 100.000
Yes 238,576 238,576 29.099 29.099
Shortage Aides
No 581,308 819,884 70.901 100.000
Yes 24,475 24,475 2.985 2.985
Shortage Clinicians
No 795,409 819,884 97.015 100.000
Dem. 371,711 371,711 45.337 45.337
Political Affiliation (2)
Rep. 448,173 819,884 54.663 100.000
Strongly Dem. 24,667 24,667 3.009 3.009
Dem. 347,044 371,711 42.328 45.337
Political Affiliation (4)
Rep. 368,176 739,887 44.906 90.243
Strongly Rep. 79,997 819,884 9.757 100.000
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Fig. 1: Mortality Rate by SDI Group. Weekly mortality rates based on the SDI level of the county where the nursing
homes are located. The continuous SDI variable was divided into three groups in this illustration — high SDI level (orange
line), medium SDI level (green line), and low SDI level (blue line). Apparent variations can be seen around 20 to 30 weeks.
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Fig 2: Mortality Rate by Political Orientation. Weekly mortality rates based on the political orientation of the
county where the nursing homes are located. The most recent presidential election results were the basis for the political
orientation variable — Strongly Democrat (blue line), Democrat (light blue line), Republican (orange line), and Strongly
Republican (red line). The graph exhibits variations in the mortality rates among the nursing homes in counties with different
political orientations. In general, weekly mortality rates are higher in Republican counties compared to Democrat counties.

Table 2: Random Effects OLS-Regression

Outcome variable:
Weekly Mortality Rate Per 1,000 Residents

Model 1 Model 2
Vaccination Rate -0.002*** (0.000) -0.003*** (0.000)
Shortage Nurses (Ref.: No) 0.013 (0.013) -0.005 (0.013)
Shortage Clinicians (Ref.: No) -0.005 (0.028) 0.001 (0.028)
Republican (Ref.: Strongly Republican.) -0.017 (0.022)
Democrat (Ref.: Strongly Republican) -0.167*** (0.022)
Strongly Democrat (Ref.: Strongly Rep.) -0.244%** (0.041)
SDI -0.001*** (0.000)
Weeks 0.000 (0.000) 0.000 (0.000)
Constant 0.586*** (0.036) 0.742%** (0.043)
Observations 790,140 790,140
R? 0.0001 0.0004
Adjusted R? 0.0001 0.0004
F Statistic 33.910 285.281

We can however see a more distinct pattern from the political orientations per county. Being a majority
Republican county does not yet have a significantly different effect on the nursing home populations’
M (8 = —0.017,p = 0.022), compared to a strong majority Republican county. Being in a majority
Democrat county (f = —0.167,p < 0.001), and even more so in a county with a strong Democrat
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majority (8 = —0.244,p < 0.001) is significantly associated with a decrease in the weekly My of the
nursing home resident population, compared to counties with a strong Republican majority. Further, we
find a small but significant effect of the SDI level of a county on the outcome (f = —0.001,p < 0.001);
this is interestingly however a negative direction, indicating that an increase in SDI, signifying a higher
social deprivation, is associated with a weak reduction of the weekly M. As the SDI measures is an
aggregated score of different county-level indicators measured for the full population, the reversed
effect could originate from a non-representative nursing home sample, showing some sort of
survivorship bias. Our data however does not allow to draw conclusions confirming the presence of
such an effect, as this would require individual data from the nursing home residents as well as between-
counties public health indicators. This will be further discussed in the next section.

To test whether Democrat or Republican majorities in counties have distinct effects on the outcome
given the level of social deprivation, we calculated two additional models. For the first one, we included
interaction terms for the Vg and the shortages, and the SDI. For the second one, we included an
interaction term for the political orientation and the SDI score. The results can be found in Table 3.

The results from the inclusion of interaction terms strongly resemble the previous ones. The effects of
the Vr on the Mg are in both model 3 and 4 slightly increased compared to the previous models (8 =
—0.005,p £ 0.001; § = —0.004,p < 0.001 ). The staff shortages remain non-significant. The
political orientation and its effect on the My display a similar pattern as before, with no effect of majority
Republican counties (f = —0.042,p = 0.320) on the Mz, compared to strong majority Republican
ones. Democrat majority (f = —0.162,p < 0.001) and strongly Democrat majority (§ = —0.261,p <
0.05) counties again yield lower Mz compared to strongly Republican ones. The effect of the social
deprivation still shows a positive direction in both models (f = —0.006,p < 0.001; § = —0.005,p <
0.001). Interaction effects of political majorities and social deprivation with the vaccination or the staff
shortages are not observed in this model, indicating consistent slopes across political orientation, and
effects independent of shortages and vaccination rates.

Discussion and Conclusion

At the beginning of this study, we set out to examine the persisting inequality in mortality in nursing
homes despite the universal distribution of the COVID-19 vaccine. We looked at the relationship of
vaccination and staff shortages with COVID-19 mortality rates in nursing homes, differentiated by
political affiliation and social deprivation of the areas they are located in. Our findings affirm some of
our expectations while opening additional puzzles.

From the results, we have evidence to support (H1) that an increase in nursing homes residents’
vaccination rates lead to a decrease in nursing homes residents’ mortality rates. This is supported by all
the models and affirms what is found in the literature. It is also expected that vaccinations, even
measured on an institutional level, decrease mortality rates when becoming fully effective after two
weeks. On the other hand, we cannot confirm that the shortage of staff has any detrimental effects on
the mortality rates, at least not on the institutional level from our results. It could be, that the effect is
more immediate and should be measured with a much shorter time lag. It is unfortunately not possible
with the existing dataset, as even a one week time lag or the direct not-lagged effect could be too late,
as the reporting was done once per week. Additionally, the binary shortage variable does not capture
the scale of the shortage that nursing homes are dealing with, and the occupational roles inside the
institutions. Thus, in terms of the hypotheses, we cannot confirm H2 in this analysis, that staff shortages
have significant lagged effects on the nursing home residents’ mortality rates. As the relationship
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between shortages of staff and infection has been observed previously (Gorges & Konetzka, 2020;
Harrington et al., 2020), we would also support more research on the matter, while at the same time
asserting the methodological obstacles in doing so.

Table 3: Random Effects OLS-Regression

Outcome variable:
Weekly Mortality Rate Per 1,000 Residents

Model 3 Model 4
Vaccination Rate -0.005%** (0.001) -0.004*** (0.001)
Shortage: Nurses (Ref.: No) -0.016 (0.023) -0.018 (0.023)
Shortage: Clinicians (Ref.: No) -0.021 (0.053) -0.016 (0.053)
Republican (Ref.: Strongly Rep..) -0.042 (0.042)
Democrat (Ref.: Strongly Rep.) -0.162*** (0.044)
Strongly Democrat (Ref.: Strongly Rep.) -0.261%* (0.117)
SDI -0.006*** (0.001) -0.005** (0.002)
Vaccination Rate * SDI 0.000** (0.000) 0.000* (0.000)
Shortage: Nurses (Ref.: No) * SDI 0.000 (0.000) 0.000 (0.000)
Shortage: Clinicians (Ref.: No) * SDI 0.000 (0.001) 0.000 (0.001)
Republican (Ref.: Strongly Rep.) * SDI 0.001 (0.001)
Democrat (Ref.: Strongly Rep.) * SDI 0.000 (0.001)
Strongly Democrat (Ref.: Strongly Rep.) * SDI 0.000 (0.002)
Weeks 0.000 (0.000) 0.000 (0.000)
Constant 0.948*** (0.078) 0.914*** (0.086)
Observations 790,140 790,140
R? 0.0002 0.0004
Adjusted R? 0.0002 0.0004
F Statistic 143.786 293.452

Note: *p<0.05; *p<0.01; **p<0.001

We initially proposed that the association between resident vaccination rates and a decrease in nursing
home resident mortality rates is stronger in counties with lower social deprivation (H3a). In other words,
we expected that higher social deprivation areas will benefit less from vaccination. While we do find
support of direct negative SDI effects - that is, that an increase in SDI would lead to a decrease in
mortality rates -, we do not find any support to hypotheses H3a and H3b, as interactions with SDI are
virtually non-existent. Further, a negative SDI effect is counter-intuitive and must be addressed, as this
goes against the consensus. A negative SDI effect on mortality rates would mean, that more socially
deprived areas are associated with reduced mortality rates, and thus indicate something like a reversed
effect of the social environment on health status. It could be due to the nursing home sample being an
inaccurate representation of the county population. This inaccuracy goes beyond simply the age
threshold, as this is the case in all counties, and should thus be controlled for. The population health
literature suggests that a reversed age and health status effect can occur between subgroups, for example
between immigrants and the native population (Elshahat et al., 2022; Wallace & Darlington-Pollock,
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2022) or men and women (Di Lego et al., 2021; Kulminski et al., 2008). After a certain age threshold,
a selective mortality - also known as survivorship bias - will lead to an oversampling of the healthy
subgroup members, as they outlive the ones with a lower life expectancy. This could be at play in the
case of the nursing home population: it is possible, that there are selection effects that will make it look
like the nursing home population of more socially deprived counties is generally healthier than their
counterparts of the same age group in less socially deprived counties.

We do find support for distinctive mortality rate patterns depending on political leaning of a county.
There is a decrease in nursing home mortality rates in democratic and strongly democratic counties,
compared to strongly Republican leaning counties. Between republican and strongly republican
counties, the difference over time is not substantial or significant. Like the SDI, we do not observe that
the vaccination or the staff shortage effect is contributing to the differences in the mortality rates in
counties of different political leaning. More research is necessary to unpack how political orientation
affects mortality rates in nursing homes. This could be done through quantitative measures that account
for variations in budgetary allocations and enforcement practices. On the other hand, a qualitative
approach that traces the process of decision-making related to COVID-19 measures depending on
political orientations may also be useful to reveal the bureaucratic pathways from top to bottom.
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Fig. S1: Weekly Staff Shortages. Weekly shares of staff shortages rates, indicating whether nursing homes reported

staff shortages in a week, or not. Nurses (red line), aide nurses (blue line), and clinicians (green line) are shown separately. A
sudden uptick is visible at week 52.
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Fig. S2: Weekly Mortality Rate / Cumulative Vaccination Rate. Weekly overall COVID-19 mortality rates
per 1,000 residents (left), and weekly cumulative vaccination rates (right). Vaccination rates indicates the share of the
resident population that has received at least two shots of any vaccine against COVID-19.
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Fig. S3: Mortality Rate by Political Orientation. Weekly mortality rates based on the political orientation of the
county where the nursing homes are located. The most recent presidential election results were the basis for the political
orientation variable — Democrat (green line) and Republican (blue line). The graph exhibits variations in the mortality rates
among the nursing homes in counties with different political orientations. Weekly mortality rates are higher in Republican
counties compared to Democrat counties.

16



