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The purpose was to determine the potential of state resident Neuroticism to predict state COVID-19
death rates with state socioeconomic status, White population percent, urban population percent,
percent of at-risk adults, percent of population 65 and over, percent of older adults with at least four
chronic conditions, Oxford mandate stringency index scores, and percent fully vaccinated considered
as statistical controls. Two multiple regression equations were computed with the 48 US contiguous
states as analytic units. In Equation 1, the eight potential predictors of COVID-19 death rates other
than Neuroticism were entered simultaneously on Step 1, and Neuroticism was entered on Step 2. In
Equation 2, the SPSS 25 backward elimination procedure selected the nonredundant predictors from
the block of eight in Step 1, and Neuroticism was entered on Step 2. Higher Neuroticism was
associated with higher COVID-19 death rates in both equations. With all eight controls in Equation 1,
Neuroticism still accounted for a significant 8.4% of the death rate variance. With the five
nonredundant controls in Equation 2, Neuroticism accounted for 23.3%. Neuroticism had the largest
B coefficient in each equation, .53 in Equation 1 and .58 in Equation 2. With redundant predictors
eliminated in Equation 2, higher COVID-19 death rates also were associated with lower Oxford index
scores, greater urbanisation, higher percent of population 65 and over, lower White percent, and
lower percent fully vaccinated. Neither multicollinearity nor spatial autocorrelation was problematic.
The state-level relations are speculated to stem from parallel individual-level underpinnings
regarding the stress-prone Neurotic personality.
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The 50 American states differed widely regarding the impact of COVID-19. For example, by February
27 of 2023, cumulative death rates per 100,000 persons ranged from 454 in Arizona to 129 in Hawaii
(Statista, 2023). However, although there is a sizeable volume of studies focussed on the COVID-19
pandemic, almost none have explored the predictors of mortality with the states as the analytic units.
A notable exception is the study by Doti (2021) who found temporally consistent evidence that higher
death rates were associated with greater poverty and lower commitment to mitigative restrictions and
mandates. Nevertheless, neither this state-level study nor any existing research with individuals as
the analytic units has examined the possibility that dispositional factors may be related to death from
COVID-19.

State-level research in this area is important. State governments are mainly responsible for pandemic
and infectious disease information and alleviation efforts such as mask requirements, testing for
infection, gathering size restrictions, cancellation of public events, and business closings. State
populations also differ considerably on sociodemographic factors that may predispose residents to
poorer health outcomes including death from COVID-19.

The present research examined the potential of Neuroticism from the Big Five personality model to
predict COVID-19 death rates—to my knowledge, the first study to do so. The COVID-19 death rate in
a state is operationally defined here as the number of deaths per 1,000,000 state population. The
widely accepted Big Five model focusses on the major non-pathological personality dimensions—
Openness to Experience, Conscientiousness, Extraversion, Agreeableness, and Neuroticism, which
appear to stem largely from genetic determinants (e.g., Costa & McCrae, 1995; John & Srivastava,
1999). State-level personality scores (Rentfrow et al., 2008) based on the responses of several
hundred thousand state residents to the Big Five Inventory (John & Srivastava, 1999) are quite stable
and have shown consistent temporal relations to a variety of state-level variables (e.g., Elleman et al.,
2018). The state scores also have been successfully employed in research based on more recent years
(e.g., Ebert et al., 2022; McCann, 2022, 2023a, 2024).

The characteristics of those high on Neuroticism seem most likely to increase the chances of
contracting COVID-19. These features also would seem to make it more difficult to cope with the
challenges of trying to recover from a life-threatening case. Persons nearer the high end of the
Neuroticism dimension tend to be more anxious, moody, vulnerable, self-conscious, impulsive,
depressed, tense, self-indulgent, envious, discontented, emotionally unstable, prone to nervousness,
likely to be easily upset, likely to worry excessively, likely not to be relaxed, likely not to stay calm in
strained situations, likely to harbour angry hostility, and likely to be poor stress managers (e.g., Costa
& McCrae, 1995; John & Srivastava, 1999).

No published research could be located that has directly addressed the potential link between
Neuroticism and dying from COVID-19 with either individuals or states as the analytic units.
However, research indirectly suggests that it is quite plausible that being higher on Neuroticism may
be associated with a greater tendency to contract and die from COVID-19 infection. For example,
those higher on the Neuroticism dimension have been found to exhibit less support for government
COVID-19 crisis management (De Coninck et al., 2020), to adhere less to government guidelines
(Turk et al., 2021), to have more negative perceptions of daily life restrictions (Schmiedeberg &
Thonnissen, 2021), to have lower rates of complying with governmental mandates to shelter-in-
place (Gotz et al., 2021), and to take fewer pandemic precautions (Aschwanden et al., 2020). Those
higher on Neuroticism also have been found to experience greater pandemic-related stress
(Bellingtier et al., 2023), to be more likely to experience symptoms of acute stress disorder under
COVID-19 quarantine in China (Chen et al., 2023), to be less resilient in the face of the pandemic and
its restrictions (Kocjan et al., 2021), to show greater worry and accompanying negative affect
concerning pandemic consequences (Kroencke et al.,, 2020), to be more likely to be infected by
COVID-19 (Kanazawa, 2022), and to be more likely to require hospitalisation for COVID-19 (Batty et
al., 2020). Therefore, given the research showing links between Neuroticism and factors that may be
indirectly related to COVID-19 mortality, it appears that there may be a demonstrable association
between being higher on Neuroticism and COVID-19 state death rates.
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From a theoretical standpoint, there are several reasons to expect such a relation. For example,
Segerstrom (2000) postulated links of Neuroticism to the immune system through its impacts on
mood, life events, and health behaviours. Neurotic characteristics are likely to lead to negative moods
with frequent regularity. It also is apparent that life events are shaped somewhat by Neurotic
personality features. As well, those higher on Neuroticism would seem likely to engage in behaviours
more detrimental than advantageous to health outcomes. Kern and Friedman (2011) also articulated
various routes through which personality can influence health outcomes. They stated that personality
“influences the habits we form, the behaviours we engage in, the relationships we develop, our
appraisals and experience of stressful challenges, the situations we commonly choose, the reactions
we invoke in others, and the lifelong pathways that we follow” (p. 84), and that these responses are
related to the course of health practices and outcomes throughout a lifetime. Roberts et al. (2007) also
asserted that personality may have effects on mortality because personality is related to pathogenetic
mechanisms that have an impact on the course of disease and because personality differences may
promote divergent reactions to the progression of disease. Again, persons higher on Neuroticism
would seem more likely to negatively influence their health and eventually their longevity through
these interrelated pathways.

Positions on certain personality dimensions are associated with unhealthy behaviours that ultimately
lead to poorer health and shorter lives (e.g., Turiano et al., 2013). Personality also may be connected to
longevity through genetic or physiological factors such as immunological functioning (e.g.,
Terracciano et al., 2008). Higher Neuroticism generally has been linked to poorer health and general
disease level (e.g., Luo et al., 2023; Turiano et al., 2013), and shorter longevity (e.g., Terracciano et al.,
2008; Turiano et al., 2013). The association between lower Neuroticism and higher longevity is
thought to be in part based on the impact of Neuroticism on health risk behaviours (e.g., Terracciano
et al., 2008). For example, a “metasynthesis” by Strickhouser et al. (2017) based on a secondary
analysis of the results of previous meta-analytic studies found that the largest personality-health
relations occurred for Neuroticism and although these relations were more prevalent regarding
mental health outcomes, they did occur for health behaviours and physical health outcomes. As
Wilson et al. (2004) concluded after finding that higher Neuroticism was associated with a greater
number of deaths among 883 older Catholic clergy members followed for a mean of approximately
five years, it appears that “neuroticism over a lifetime may compromise multiple physiological and
functional systems and thereby increase vulnerability to disease in old age” (p. P114). In fact,
Friedman et al. (1994) pointed out over 30 years ago that “when vulnerable people encounter
psychosocial environments that are a poor match for their needs, chronic negative emotional
patterns and unhealthy behavioral patterns often result” (p. 37). Therefore, the view is quite
pervasive that higher Neuroticism is associated with having higher rates of health risk factors,
greater susceptibility to disease, and elevated mortality in general, and consequently it is logical to
assume that these relational dynamics also should apply to COVID-19 death rates in particular.

Stress appears to be at the core of the relation between Neuroticism and health outcomes, and that
centrality may be expected to extend to COVID-19 mortality. Generally, the COVID-19 epidemic can be
classified as a stressor for the American populace. However, as the transactional stress theory of
Lazarus and Folkman (1984) asserts, individuals differ markedly in their perception of a challenging
event or circumstance as a stressor, and consequently in the degree of stress that ensues. Stress
theorists (e.g., Blascovich & Mendes, 2010; Crum et al., 2020; Lazarus & Folkman, 1984) commonly
support the view that an individual’s perception and appraisal of a situation is critical to
understanding whether an individual will experience stress from an encounter with such a situation
(e.g., Hagger et al., 2020), and consequently whether the event will ultimately lead to poorer health
outcomes. Neuroticism is strongly implicated in this process because more Neurotic persons have a
greater tendency to perceive events in their lives as stressors (e.g., Da Silva Coelho et al., 2022;
Ebstrup et al., 2011; Leger et al., 2016) and to react more strongly to those stressors (e.g., Hisler et al.,
2020; Suls & Martin, 2005; Wrzus et al., 2021). In fact, Bellingtier et al. (2023) found that higher
Neuroticism was associated with higher perceived stress irrespective of the COVID-19 events
experienced that could have been interpreted as stressors, and Kroencke et al. (2020) found that
higher Neuroticism was associated with greater worry and greater affective reactivity regarding
COVID-19 pandemic consequences. One notable difference between COVID-19 mortality and all-
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cause mortality is that the crisis climate of the pandemic was bound to spark increases in anxiety and
stress in those most sensitive—the more neurotic.

It has long been known that an infectious disease can only develop if the person has been exposed to
the infectious agent, but also that stress increases the risk that such exposure will lead to the actual
contracting of the disease (e.g., Jemmott & Locke, 1984; Marsland et al., 2012; Pedersen et al., 2011).
After conducting a review of the literature with the focus on the relation of negative events and
affective states to the development of infectious disease, research by Cohen and Williamson (1991)
showed that stressors cause negative affective states that have direct impacts on the immune system,
as well as indirect impacts through the development of poor health behaviours that also decrease
immunological defences. More recently, Lamontagne et al. (2021) reviewed “literature suggesting
that chronic stress-induced hyperinflammation interacts synergistically with COVID-19-related
inflammation, contributing to a potentially fatal cytokine storm syndrome” (p. 401), which
implicates both chronic stress-induced and COVID-19-induced inflammation as contributors to
heightened inflammation that is consistently found in COVID-19 cases and to hyperinflammation in
those with an especially dire prognosis. Others have found that dispositional Neuroticism also is
involved in the complex process underlying the relation between stress and infectious disease. Higher
Neuroticism is associated with negative affect (e.g., Abbasi, 2016; Gniewosz, 2023; Abbasi et al.,,
2018), unhealthy behaviours (e.g., Allen et al., 2017; Krizan & Hisler, 2019; McCann, 2010), immune
system deficiencies (e.g., Bouhuys et al., 2004; Gilbert et al., 1996; Stephan et al., 2023), and higher
inflammation (e.g., Armon et al., 2013; Schmidt et al., 2018; Sutin et al., 2010).

Of course, other variables also have been suggested as factors associated with the tendency to
contract COVID-19 and succumb to its effects. COVID-19 death rates tend to be higher the lower the
SES (e.g., Hawkins et al., 2020), lower among Whites than Blacks (e.g., Sood & Sood, 2021), higher the
greater the urbanisation (e.g., Ahmed et al., 2020), higher among those with greater general health
risks (e.g., Williamson et al., 2020), higher among those 65 years of age and over (e.g., Amdaoud et
al., 2021), higher among those with chronic conditions (e.g., Wang, Fang, et al., 2020), lower among
those faced with greater COVID-19 restrictions and mandates (e.g., Doti, 2021), and lower among
those vaccinated for the virus (e.g., Johnson et al., 2022). These eight factors and their
subcomponents seem to constitute the most promising statistical controls regarding COVID-19 death
rates.

The present study

The present research determined the extent to which state resident Neuroticism in the 48 contiguous
states is related to state COVID-19 death rates. It focused exclusively on the 48 adjoining states for
several reasons. In an epidemic with a virus that spreads through interpersonal contact and travel,
there are far fewer such opportunities for transmission to the relatively remote states of Hawaii and
Alaska. Hawaii also has by far the lowest White population percent and Alaska has the harshest
northern climate, both factors that could influence the spread of COVID-19. As well, the nature of the
spatial autocorrelation test and correction procedures require using only states that have borders
with other states. The R spdep and spatialreg statistical packages (R, 2022) and the global Moran’s I
test to identify spatial autocorrelation (Anselin, 2003) necessitate the creation of a Queen’s model
binary “neighbourhood” matrix that categorises each state as a “neighbour” if its border touches
that of another state at any point. Hawaii and Alaska are quite distant from each other and separated
from the 48 contiguous states by the vastness of the Pacific Ocean and by Canada. Hawaii and Alaska
have no such “neighbours” and consequently are unsuitable for placement in the “neighbourhood”
matrix.

The present study considered the following eight variables primarily as statistical controls: SES,
White population percent, urbanisation, estimates of general health risks, population percent 65
years of age and over, population percent over 65 experiencing at least four chronic conditions, state
levels of the imposition of COVID-19 mandates, and population percent fully vaccinated for COVID-
19. Previous studies have shown that each of these eight variables may be related to COVID-19
mortality (e.g., Ahmed et al., 2020; Amdaoud et al., 2021; Doti, 2021; Hawkins et al., 2020; Johnson et
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al., 2022; Sood & Sood, 2021; Wang, Fang et al., 2020; Williamson et al., 2020). Some researchers also
have reported that Neuroticism is related to SES (Luo et al., 2024), race (Johnson, 2000), urbanisation
(Atherton et al., 2024), general health risks (Singh, 2023), age (Cukic & Weiss, 2014), chronic
conditions (Weston et al., 2020), compliance with government COVID-19 mandates (Gotz et al.,
2021), and chances of being vaccinated for COVID-19 (Zidkova et al., 2023). The eight variables were
suitable as controls because each was potentially related to Neuroticism and to COVID-19 death
rates—the two variables involved in the relation of prime interest in the current study.

METHODS
Measures

COVID-19 death rates. The cumulative COVID-19 state death rates reported as the number per million
state population as of December 10, 2021, were taken from KFF (2021a).

Neuroticism. Rentfrow et al. (2008) computed state Neuroticism z scores based on 619,397 internet
survey respondents across the 50 states and Washington, DC, to the 44 -item Big Five Inventory (John
& Srivastava, 1999) between December of 1999 and January of 2005. Neuroticism had a mean inter-
subsample correlation of .85 based on three random subsamples and a high test-retest correlation of
.86 based on two temporal subsamples. The Neuroticism state-level and individual-level factor
structure had a congruence coefficient of .95. The developers also reported that the respondent
sample was reasonably representative according to census data even though it was somewhat
younger than the general population and tended to over represent members of the middle class.

SES. State SES was based on four variables—per capita personal income, percent of individuals living
below the poverty line, percent of persons 25 years of age and over with at least high school
graduation, and percent of persons 25 years of age and over with at least a bachelor’s degree. Per
capita personal income in 2020 was obtained from FRED (2022). Poverty line data for 2019 were
provided by KFF (2022). High school graduation and bachelor’s degree data were provided for 2018 by
the U.S. Census Bureau (2022). Poverty line scores for 2019 were reverse scored (i.e., multiplied by -1)
before further computations. The four SES components then were standardised, summed for each
state, and the results were standardised. Higher scores indicate higher SES. Cronbach alpha reliability
for the resulting composite is .88.

White population percent. The 2021 White population percent for each of the 48 contiguous states was
taken from KFF (2023).

Urban population percent. The U.S. Census Bureau (2023) provided the 2020 urban population percent
for each state.

Percent of at-risk adults. The percent of each state’s population aged 18 years and older having a
greater risk of serious illness if infected with COVID-19 was taken from KFF (2021b). Data were based
on 2018 BRESS data concerning medical conditions such as diabetes, heart disease, lung disease, and
obesity. Those in nursing homes and other institutional settings were excluded.

Percent of population 65 and over. The percent of each state population 65 and older based on 2019
data was taken from ACL (2021).

Older adult chronic conditions. The percent of Medicare beneficiaries at least 65 years of age in each
state with at least four chronic conditions was obtained from the Senior Report released by the United
Health Foundation (2022). They based their state values on 2018 data from several different sources.

Oxford mandate stringency index for 2020. Information regarding the Oxford index as used in the
present study was provided by Doti (2021). The index assesses the existence of 11 state responses to
COVID-19: school closings, workplace closings, cancellation of public events, gathering size
restrictions, public transit closures, and requirements to stay at home, internal movement
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restrictions, international travel restrictions, public information campaigns, testing policies, and
contact tracing (Doti, 2021, pp. 32-33). The scores used here were based on the mean daily scores
from January 1 to December 1 in 2020 (Doti, 2021, pp. 37-38). Scores can potentially range from 0 to
100. Higher scores indicate greater mandate and restriction stringency.

Percent fully vaccinated. The percent in each state fully vaccinated for COVID-19 as of December 3 of
2021 was obtained from KFF (2021c).

Analytical strategy

Following the computation of descriptive statistics and Pearson correlations, two multiple regression
equations were computed. In Equation 1, the eight potential predictors of COVID-19 death rates other
than Neuroticism were entered simultaneously on Step 1, and Neuroticism was entered on Step 2. In
Equation 2, the “backward” elimination procedure in SPSS 27 was used to select non-redundant
predictors from the block of eight in Step 1, and Neuroticism was entered on Step 2. Equation 2 was
designated the final predictor model. In addition, the nine potential predictors were tested for
multicollinearity and each regression equation was tested for the existence of spatial autocorrelation
using R (R, 2022). All significance tests were two-tailed with an alpha level of .05.

RESULTS

Means, standard deviations, and Pearson correlations for the 48 adjoining states are displayed in
Table 1. Most notably, state COVID-19 death rates correlated significantly with Neuroticism (.39), SES
(-.56), White population percent (-.34), percent of at-risk adults (.37), older adult chronic
conditions (.61), and percent fully vaccinated (-.46). Exploratory computations also showed that
COVID-19 death rates did not significantly correlate with the other four Big Five personality
variables: Openness to Experience (—.22), Conscientiousness (.09), Extraversion (.18), and
Agreeableness (—.11).

Multiple regression results are presented in Table 2. On Step 1 of multiple regression Equation 1, the
eight predictors together accounted for 65.1% of the state death rate variance, F(8, 39) = 9.11, p < .001.
On Step 2, Neuroticism accounted for a further 8.4%, F(1, 38) = 12.01, p < .001. The significant
standardised regression coefficients (8s) were .48 for percent of population 65 and over, -.30 for the
Oxford mandate stringency index, —.53 for percent fully vaccinated, and .53 for Neuroticism.

On Step 1 of Equation 2 using the backward elimination procedure, White population percent, urban
population percent, percent of population 65 and over, Oxford mandate stringency index, and percent
fully vaccinated were retained. They accounted for 48.5% of the variance, F(5, 42) = 7.91, p < .001.
However, Neuroticism still accounted for an additional 23.3%, F(1, 41) = 33.78, p < .001. The
significant ps were —.41 for White population percent, .34 for urban population percent, .26 for
percent of population 65 and over, —.38 for the Oxford mandate stringency index, -.42 for percent
fully vaccinated, and .58 for Neuroticism.

Regarding multicollinearity, the only one of the nine predictors to have a VIF of over 10 was percent of
at-risk adults with a value of 13.67. Regorz (2020) recommends that is not necessary to look at SPSS
collinearity diagnostics unless there are more than two predictors with VIFs over the threshold.
Furthermore, when Equation 2 was recomputed in exploratory fashion excluding the percent at-risk
variable, results were identical to those of the original equation.

The R spdep, spatialreg, and haven statistical packages (R, 2022) were used to assess the potential
impacts of spatial autocorrelation on the two multiple regression equations in Table 2. The global
Moran’s I test was employed to identify spatial autocorrelation of residuals (Anselin, 2003). A
Queen’s model binary neighbourhood matrix was created that categorised each state that touched
another state at any point as a “neighbour” of that state using “1” and “0” dummy coding. To
facilitate the analyses in R, an additional main data matrix was created in which the variables
involved in the regression equations were standardised. If the Moran’s I statistic standard deviate was
significant, a spatial lag regression model was computed with the lagsarlm function of the spatialreg
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package. This R procedure uses standard simultaneous regression equations. Therefore, for the two
original equations, the relevant variables were entered as a block.

Spatial autocorrelation results in Table 3 show that Moran’s I statistic standard deviate was 4.17 (p <
.001) for Equation 1 and 4.80 (p < .001) for Equation 2. However, the direction and magnitude of the B
coefficients with spatial lag control remained extremely close to the original values for each equation.
The largest substantive change occurred when the p for urban population percent in Equation 1
increased from a nonsignificant .27 to a significant .30. For Equation 1, the B for Neuroticism
increased only from .53 to .55 in the spatial lag model. For Equation 2, the g for Neuroticism decreased
marginally from .58 to .53 in the lag model. Therefore, it was concluded that no substantive
qualifications were necessary, and that the full interpretation could be based on the two original
ordinary least squares (OLS) equations.

DISCUSSION

The present study yielded a final predictor model for state COVID-19 death rates that included six
independent predictors. Higher death rates were associated with higher state resident Neuroticism.
Higher death rates also were associated with lower White population percent, higher urban
population percent, higher percent of the population 65 and over, lower Oxford mandate stringency
scores, and lower percent of the population fully vaccinated.

The Big Five Neuroticism dimension clearly demonstrated its worth as a predictor in this context. It
correlated significantly with death rates (r = .39). It also had significant positive Bs of .53 and .58 in
the two multiple regression equations—the largest of any predictor in each equation. As well, with all
other non-redundant predictors statistically controlled in the final regression model, Neuroticism
still accounted for another 23.3% of the COVID-19 state death rate variance.

The current analytic procedures allowed predictors that showed no significant Pearson correlation
with death rates to enter a final regression model when previously entered predictors reduced the
criterion variance yet to be explained. The procedures also sometimes prevented predictors that did
show a significant Pearson correlation with death rates from entering the final equation because it
already included correlated predictors that essentially served as covariates. These statistical control
effects emphasise the cautious interpretation that is necessary whenever researchers examine only a
single potential predictor or a small group of potential predictors of death from COVID-19 infection.

Some of the findings of the present research corroborate the state-level conclusions of Doti (2021). As
in the present study, Doti found multiple regression evidence that higher scores on the Oxford
mandate stringency index were associated with lower death rates. He also found that higher poverty
was associated with higher death rates. Poverty was not included as a separate variable in the present
analysis, but state poverty rate was included as one of the four components of the composite SES
variable. The Pearson correlation was -.56 between COVID-19 death rates and SES. However, with the
other eight potential predictors statistically controlled in the multiple regression, the B of -.25 for SES
was not significant, and in the backward elimination equation, SES was not retained as a predictor.

All variables in the present research were established on state-aggregated data. Therefore, the results
logically apply to the 48 contiguous states rather than individuals. Geographical psychology
proponents (e.g., Rentfrow, 2010; Rentfrow, 2014; Rentfrow & Gosling, 2021; Rentfrow et al., 2008;
Rentfrow & Jokela, 2016, 2019) are fully aware of inherent fallibilities in cross-level generalisations
such as the “compositional fallacy” (Pettigrew, 1997) which occurs when individual-level results are
assumed to generalise to the aggregate level and the “ecological fallacy” (Robinson, 1950) which
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Table 1
Means, standard deviations, and Pearson Correlations

Variables M SD 1 2 3 4 5 6 7 8 9
1. COVID-19 death rates 2343.40 654.05
2. Neuroticism .05 1.01 39**
3. SES .00 1.00 —.56%*** =24
4. White population percent 67.43 14.50 —.34% .05 .23
5. Urban population percent 72.31 14.96 .10 =22 29% —.B64***
6. Percent of at-risk adults 38.31 3.64 37* 5% ** —.67%** .20 —.53%**
7. Percent of population 65 and over 17.02 1.83 .01 AQ** -.01 .36* —42%* B3¥¥*
8. Older adult chronic conditions 38.79 6.22 BL*E* B1*** - 46*** —-.35% .16 LS1HE* .04
9. Oxford mandate stringency index 41.09 8.02 =22 38** 17 -.28 .24 .03 21 .06
10. Percent fully vaccinated 57.91 8.09 —46*** A1 .68*** -13 .34* -.33% 21 -.12 MY Rkl

*p <.05. ¥*p < .01. ***p < .001. Two-tailed tests.
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Table 2
Multiple Regression Equations Using Simultaneous and Backward Elimination Procedures to Determine Significant Independent Predictors of COVID-19 State Death Rates

Equation Step Entry method Predictors df R’ change F Predictor B t p

1 1 simultaneous SES 8, 39 .651 9.11%** -25 -1.02 313
White population percent -.29 -1.72 .094

Urban population percent .27 1.75 .089

Percent of at-risk adults -.48 -1.57 125

Percent of population 65 and over 48 2.66 .011

Older adult chronic conditions 21 1.11 274

Oxford mandate stringency index -.30 -2.16 .037

Percent fully vaccinated -.53 -2.97 .005

2 forced Neuroticism 1,38 .084 12.01%*** .53 3.47 .001

2 1 backward elimination White population percent 5,42 .485 7.91%** -41 -3.57 .001
Urban population percent .34 2.67 .011

Percent of population 65 and over .26 2.43 .019

Oxford mandate stringency index -.38 -3.12 .003

Percent fully vaccinated -.52 -4.41 .001

2 forced Neuroticism 1,41 233 33.78*** .58 5.81 .001

*p <.05. **p < .01. ***p < .001. Two-tailed tests.
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Table 3
Spatial Autocorrelation Results for the Multiple Regression Equations in Table 2

Equation Moran’s I° Original regression equation Spatial lag equation
Predictors (if significant Moran’s 1) B B Rho
1 4. 17*** SES -.25 -.23 .25
White population percent -.29 =27
Urban population percent .27 .30%
Percent of at-risk adults -.48 —-.45
Percent of population 65 and over .A8* 49**
Older adult chronic conditions 21 A1
Oxford mandate stringency index -.30* —.31**
Percent fully vaccinated —.53%* —51***
Neuroticism 53HE* LS5kE*
2 4.80%** White population percent —41%** —.36%**
.24
Urban population percent .34* 33**
Percent of population 65 and over .26* 27**
Oxford mandate stringency index —.38** —.35%**
Percent fully vaccinated —52%*x* —.49***
Neuroticism 58 ** LS53E*

®Moran’s | statistic standard deviate.
*p <.05. **p < .01. ***p < .001. Two-tailed tests.

occurs when aggregate-level relations are assumed to generalise to the individual level. Nevertheless,
proponents also maintain that wise and cautious extrapolation in concert with supportive empirical
evidence can be employed fruitfully to speculatively deduce possible implications for aggregate-level
associations from individual -level processes and vice versa. To Ebert et al. (2021), “personality traits
constitute meaningful constructs not only on the individual level but also at the level of geographic
units” (p. 379). Therefore, the current state-level relations are speculated to have parallel
individual-level underpinnings. However, due caution must be exercised in making any cross-level
extrapolative interpretations based solely on the present results.

In line with the focus on Neuroticism, it is speculated here that the reported state-level relations are
grounded in state-accumulated individual associations involving higher Neuroticism, elevated stress
based on more threatening perceptions of COVID-19, higher negative affect, stress-induced
deficiencies in effective immunologic responding, heightened inflammation, a propensity toward the
adoption of unhealthy behaviours, increased chances of contracting COVID-19, and ultimately a
greater likelihood of dying with COVID-19. As reported earlier in this article, except for the relation of
Neuroticism to the chances of dying with COVID-19 which has received support with states as the
analytic units in the present research, Neuroticism has been found to relate positively to each of these
six other outcome variables (e.g., Bellingtier et al., 2023; Gilbert et al., 1996; Kanazawa, 2022; Krizan
& Hisler, 2019; Kroencke et al., 2020; Schmidt et al., 2018) using individuals as the analytic units.
Therefore, the path from Neuroticism to COVID-19 to death at the individual level is plausible and
most of the sections of the path have received at least some empirical support. However, no reliable
individual-level research directly supporting the final section of the path culminating in death is
likely to surface regarding the recent COVID-19 pandemic—for obvious reasons.

In summary, it can be speculated that persons with higher Neuroticism levels perceive higher degrees
of stress in their lives (e.g., Ebstrup et al., 2011), react more strongly to perceived stressors (e.g., Suls
& Martin, 2005), and experience greater negative affect in response to those stressors (e.g., Abbasi et
al.,, 2018). It can be further speculated that cumulative negative affect is associated with
immunological deficiencies (e.g., Cohen & Williamson, 1991) and heightened inflammatory responses
(e.g., Graham-Engeland et al., 2018) that contribute to deteriorating health (e.g., McClendon et al.,
2021) and premature mortality (e.g., Hall et al., 2015). These stress-related processes clearly may
pertain to COVID-19. Those with higher Neuroticism levels may have been more likely to ultimately
succumb to COVID-19 infection because of their general life history regarding the experience and
perception of stressors coupled with the perceived threats and stressors specifically linked to the
COVID-19 pandemic. Mortality from other causes has been associated with higher perceived stress
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(e.g., Bregola et al., 2022), a more pronounced experience of stressors and greater negative affect
response (e.g., Chiang et al., 2018), elevated immunological deficiencies (e.g., Xia et al., 2023), and
increased inflammation (e.g., Cribb et al., 2022). COVID-19 deaths may have followed the same
stress-related path, and that path may strongly implicate dispositional Neuroticism as a foundational
factor.

The view that responses to the pandemic were related to political orientation pervaded public and
social media. The general theme was that Democrats were more responsive than Republicans to
COVID-19 mitigation efforts. If this were true, then COVID-19 rates of death should have been lower
in populations preferring Democrat rather than Republican politicians and policies. As the pandemic
progressed, evidence shifted to seemingly support that expectation. For example, states led by
Republican governors “had fewer per capita COVID-19 cases, deaths, and positive tests early in the
pandemic, but these trends reversed in early May 2020 (positive tests), June 2020 (cases), and July
2020 (deaths)” (Neelon et al.,, 2021, p. 118). Chen and Karim (2022) reported a similar pattern with
American counties as the units of analysis. Not only may state political orientation have been related
to government policies and actions regarding the COVID-19 pandemic and resident reactions to those
provisions, conservative political leaning also has been shown to be associated with lower
Neuroticism at the state level (e.g., McCann, 2014a, 2014b). This issue was explored using the data of
the present study and the percent of the popular vote for Biden in 2020 (Leip, 2024). The Biden vote
correlated a significant -.35 with COVID-19 death rates. However, an exploratory partial correlation
with the Biden percent of the popular vote as the lone statistical control revealed that the correlation
between Neuroticism and state COVID-19 death rates actually rose from .39 to .46. In other words, it
appears that state political preference probably had little impact on the relations found in the present
research.

Some readers also might wonder whether state differences in health care provision and access could
have had an impact on the present results showing a relation between Neuroticism and COVID-19
death rates. There is some limited evidence that aspects of higher clinical care quality were associated
with lower COVID-19 mortality (e.g., Kunz & Popper, 2020; Magesh et al., 2021; Tchicaya et al., 2021).
Nevertheless, an empirical answer to this question also was sought through exploratory analyses
using the data of the present research. America’s Health Rankings (2021) provided state values for
public health funding per capita based on data for 2019 and 2020, the number of primary health care
providers in 2021, and the percentage of adults who avoided seeing a doctor because of costs in the
past 12 months as assessed in 2020. Death rates correlated a significant .42 with avoiding health care
due to cost and Neuroticism correlated a significant .32 with the number of health care providers per
capita. These were the only significant correlations. A partial correlation with all three health care
variables as the only statistical controls produced a correlation of .44 between Neuroticism and
COVID-19 death rates compared to the original correlation of .39. Partial correlations controlling for
each of the three variables separately yielded substantively the same results. It appears from this
cursory examination that health access and public health funding could not contribute to an
explanation of the pattern of findings in the present study.

Limitations and issues

Although some readers may at first consider the sample size inadequate for inferential statistics,
extenuating circumstances lead to the rejection of this notion. The fundamental use of inferential
statistics is to establish the probability that the results of sample data analysis should also apply to
the population that produced the sample. However, the current isometric sample-population context
effectively negates the need to make such inferences. Nevertheless, the making of analytical decisions
and the drawing of conclusions did utilise statistical significance tests in this study. A lower sample
size does decrease the chances of a relation being statistically significant, but expected relations
emerged here that were statistically significant despite such restriction. Furthermore, researchers
often have successfully conducted analyses using this analytical tack with such small samples in the
past (e.g., Barber, 2015; McCann, 2008, 2017, 2019, 2021b, 2023a, 2023b; Simonton, 2006).
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The present correlation and multiple regression analysis is built upon cross-sectional correlations
between variables. Consequently, it does not logically permit the drawing of causal inferences based
on the statistical results, which constitutes a limitation of the current study. However, it can be
speculated that certain causal directions are more likely than others. For example, it seems obvious
that COVID-19 death rates do not cause the assessed state differences on variables such as
Neuroticism, White population percent, or higher urbanisation. It also seems evident that genetically
influenced dispositional variables are foundational in a population, and that it is reasonable to
speculate that they can lead to state-level differences in risk-factor variables. It also seems that such
postulated causal connections ultimately will remain speculative because personality variables
simply cannot be randomly assigned to persons to serve as independent variables in a true
experiment, the research tool that provides the most confident causal deduction. Quasi-experimental
and prospective longitudinal designs generally may be seen as a second-level strategy to deduce
causality, but no such research is likely to surface directly pertaining to the present research
context—for obvious reasons. Nevertheless, perhaps such longitudinal approaches incorporating
variables similar to those in the current study but focused on other infectious diseases and their
resulting mortality could promote further understanding of the dynamics that may be involved.

Some readers also might be concerned that the state-level assessment of Neuroticism conducted
from 1999 to 2005 by Rentfrow et al. (2008) is temporally discrepant from the other variables which
were based largely on the years from 2018 to 2021. However, the fact that state personality is unlikely
to have changed much over this time span should allay concern about this lack of congruence. For
example, Elleman et al. (2018) have shown that such state-level personality scores are temporally
stable and have provided consistent relations to a variety of sociodemographic variables over the
years they examined — 1999 through 2015. As well, these state scores have been employed fruitfully in
various research contexts often pertaining to more recent years (e.g., Ebert et al., 2022; McCann,
2022, 2023a; Obschonka et al., 2013; Pesta et al., 2012). Although the developers of the state-level
Neuroticism scores reported that respondents to the Big Five measure were quite representative
according to census data but were somewhat younger than the general population and drawn
disproportionately from the middle class, these were the best available state Neuroticism scores. In a
sense, they also proved their worth by providing meaningful statistical results in the present study.

Readers should note too that the state-level variables analyzed in the present research were based on
the behaviors and responses of individuals, but the original data development processes aggregated
the data at the level of the state. Therefore, the present results properly pertain to states rather than
to individuals. Without sufficient empirical evidence of parallel relations occurring at the state level
and the individual level, there are inherent risks in cross-level extrapolations (e.g., Pettigrew, 1997;
Robinson, 1950). One cannot simply assume that such extrapolations are valid. Researchers have
conducted relatively few corresponding analyses at the individual level that can corroborate the
present state-level relations. Nevertheless, there is plausible reason to speculatively assume that the
current demonstrated state-level relations result from the accumulation of parallel individual-level
relations. Nevertheless, more adequate and comprehensive evidence obtained through research with
individuals as the analytic units is necessary to bolster confidence in such postulations.

Of course, readers also should recognise that the veracity of the present results ultimately depends
upon the validity of the state death rates as operationally defined here. There is a degree of continuing
controversy surrounding these measures regarding their accuracy and meaning within the context of
the COVID-19 pandemic (e.g., Mathieu et al., 2020). For example, there was some suspicion at the
time that some persons categorised as “dying from COVID-19” actually “died with COVID-19”
because other concurrent health factors caused their deaths. Readers should have confidence in the
present analyses and the obtained results. However, they also should be cautiously aware of potential
inaccuracies in the COVID-19 death rate data.

Regarding generalisability, it is speculated that Neuroticism would show a similar relation to COVID-
19 death rates in other studies similar to the present one in countries in which similar data are
available and there is a sufficient number of geographically based political administrative units on
which to conduct such an aggregate-level analysis, such as the Local Authority Districts (LADS) of the
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United Kingdom. It also is speculated that the relation exists with individuals as the units of analysis,
although it would be difficult to verify because of an understandable lack of critical data regarding
Neuroticism and COVID-19 deaths based on the same persons. As well, it is speculated that a similar
relation exists between Neuroticism and death resulting from other infectious diseases and chronic
conditions at the individual and the aggregate level of analysis. Of course, some research already
exists with individuals as the analytic units (e.g., Butler et al., 2023; Shipley et al., 2007; Zhang et al.,
2022) and with American states as the units of analysis (e.g., McCann, 2014c, 2020, 2021a) showing
that Neuroticism is related to being susceptible to certain chronic diseases and to mortality from
those conditions.

Potential applied implications

State resident standing on the Neuroticism dimension is an important predictor of state COVID-19
death rates in the current study. However, state resident Neuroticism also is important for other
relations in the reported results. For example, state residents having a higher risk of serious illness if
infected with COVID-19 based on a composite at-risk index (KFF, 2021b) also is substantially
associated with state residents being higher on Neuroticism even when those in nursing homes and
other institutional settings are excluded. But this at-risk index also is positively correlated with
COVID-19 death rates, and an exploratory partial correlation shows that this relation was reduced
from .37 to a nonsignificant .19 when Neuroticism was controlled. As well, an exploratory partial
correlation showed that the correlation between the Oxford mandate stringency index and COVID-19
death rates increased significantly from a nonsignificant -.22 to a significant -.43 when Neuroticism
was controlled. In retrospect, it would seem to have been advantageous if several COVID-19 policies
and actions had been somewhat tailored to the mean level of Neuroticism among state residents.

However, it is also important to note that some of the present research results and attendant
speculations pertain to relatively immutable variables. Offering effective applications based on
remedies involving planned modifications of such a risk factor as Neuroticism is not a realistic option
because it is largely genetically determined, firmly an integral part of the person, and quite stable
throughout life. However, it still would seem prudent in policy and practice to consider a tailoring
process regarding the modal characteristics of states on such a variable when designing information
appeals for precautions and practices pertaining to pandemics and more limited outbreaks of
infectious diseases. For example, Olsacher et al. (2023) have reported on the effectiveness of such a
tailoring approach based on the Big Five to encourage organ donation in Germany and Kim et al.
(2023) have proposed such a tailoring model for the Big Five and the provision of optimal health care.
Of course, other results of the present research suggest that instituting state factors such as those
gauged by the Oxford mandate stringency index or the provision of suitable vaccines should reduce
future negative health outcomes such as mortality, but these factors also should be more effective if
appeals and incentives for compliance are put in place with due regard to state resident levels of
Neuroticism and the attendant proclivities and emotional responses likely to accompany those
differing levels of Neuroticism.

Future research

There are several avenues of research that could prove beneficial to further understanding and
perhaps eventually lead to novel applications regarding future infectious disease threats. For
example, researchers evidently have not used COVID-19 fatality rates as an outcome variable with
states as the analytic units. This is a somewhat different mortality measure worthy of investigation.
The COVID-19 fatality rate in a state is the number of such deaths divided by the total number of
confirmed COVID-19 cases in a state. Unlike death rates as used in the present study, the denominator
for the computation of fatality rates is based only on the portion of the state population infected with
COVID-19. Unfortunately, while counts of COVID-19 deaths may be relatively reliable from state to
state, estimates of state infections are much less reliable as a denominator for such computations
than are whole state populations. Confirmation of state COVID-19 infection depends upon COVID-19
tests, but the percent of a population tested varied greatly from state to state and those tested were
either voluntarily self-selected or persons who had taken the test once the presence of COVID-19 had
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been suspected. To compound the problem, state populations differed widely in their attitudes toward
the pandemic, whether it was wise to be vaccinated for COVID-19, and whether pandemic restrictions
should be followed or even put in place. Although challenging, the results of this line of research also
could enhance our understanding of the dynamics and outcomes of the COVID-19 pandemic and
perhaps outbreaks of other infectious diseases.

The present research found that state White population percent correlated significantly in a negative
direction with COVID-19 death rates. However, there is a possibility that the four major race
categories in the USA—White, Black, Hispanic, and Asian—may have shown different rates of
mortality during the pandemic. It is generally reported that higher COVID-19 death rates were
associated with being Black (e.g., CDC, 2022; Gawthrop, 2022; Golestaneh et al., 2020; Poulson et al.,
2021; Shannon et al., 2022; Sood & Sood, 2021) but exceptions exist (e.g., Jacobson et al., 2021).
Researchers also have reported that Hispanics died from COVID-19 at a higher rate than Whites (e.g.,
CDC, 2022; Cheng et al., 2020; Jacobson et al., 2021; Mackey et al., 2021), but contrary results also
exist (e.g., Gawthrop, 2022). As well, research has often showed that Asians had a lower chance of
dying from COVID-19 than Whites (e.g., CDC, 2022; Mackey et al., 2021), but some also have reported
that Asians died at a higher rate than Whites (e.g., Wang, Gee, et al., 2020; Yan et al., 2021; Yee, 2021).
A comprehensive examination of the relation of racial/ethnic variables to COVID-19 mortality with
states as the analytic units in a similar methodological context to that of the present study also would
appear to be fertile ground for future research.

In another research vein, a recent study by Peters et al. (2022) in part used specification curve
analyses to test the relation of the Big Five to COVID-19 cumulative infection and death rates from
April 15 to September 30 of 2020 in 2,366 counties of the USA while controlling for a relatively large
set of other potential predictors. There was some evidence that COVID-19 death rates were negatively
associated with Neuroticism. These results generally are contrary to what was found in the present
study, in which Neuroticism showed a positive association with COVID-19 death rates. Reasons for
the difference between the two studies in direction for the association between Neuroticism and
death rates is unknown. However, one possibility is that the data for the study by Peters et al. (2023)
was collected only up to the end of September of 2020 while the data for the present research was
based on death rate data up to December 10 of 2021. For example, Doti (2021) found differences in the
relations of predictors to COVID-19 mortality between data for the first half and the second half of
2020. Further research could be initiated to formally address why the relational directions are
discrepant between the present state-level research and the county-level study by Peters et al. (2023).

In the interest of cross-cultural generalisation, it also would be useful to examine the extent to which
the pattern of the present results applies to other countries and to their internal geographically
defined administrative units. For instance, the UK has readily available Big Five personality scores for
380 local authority districts (LADs; Rentfrow et al., 2015). Data for COVID-19 death rates and other
appropriate variables also are likely to be obtainable from various UK sources. Therefore, a cross-
cultural UK replication of the present study seems feasible using LADS as the analytic units. Other
nations also may provide such replication opportunities.

CONCLUSION

The psychological dynamics of personality and stress, especially those highlighting the importance of
Neuroticism — which was not surpassed in g weight magnitude by any of the other predictors in this
study, deserve much more attention within this research context. So do the underlying processes
through which race, urbanization, age, and various pandemic mitigation efforts may exercise their
influence. Future studies with individuals, aggregate divisions such as states and counties, and
comparable analyses in other nations, hold promise to further our understanding and to help
formulate more effective responses to future pandemics, epidemics, and other more isolated
outbreaks of infectious diseases.
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