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ABSTRACT
Objective: This review highlights the scope and significance of the coronavirus disease 2019 (COVID-19) pandemic with a focus on bio-
behavioral aspects and critical avenues for research.
Methods: A narrative review of the published research literature was undertaken, highlighting major empirical findings emerging during
the first and second waves of the COVID-19 pandemic.
Results: Interactions among biological, behavioral, and societal processes were prominent across all regions of the globe during the first
year of the COVID-19 emergency. Affective, cognitive, behavioral, socioeconomic, and technological factors all played a significant role
in the spread of infection, response precautions, and outcomes of mitigation efforts. Affective symptoms, suicidality, and cognitive dys-
function have been widely described consequences of the infection, the economic fallout, and the necessary public health mitigation mea-
sures themselves. The impact of COVID-19 may be especially serious for those living with severe mental illness and/or chronic medical
diseases, given the confluence of several adverse factors in a manner that appears to have syndemic potential.
Conclusions: The COVID-19 pandemic has made clear that biological and behavioral factors interact with societal processes in the infec-
tious disease context. Empirical research examining mechanistic pathways from infection and recovery to immunological, behavioral, and
emotional outcomes is critical. Examination of how emotional and behavioral factors relate to the pandemic—both as causes and as effects
—can provide valuable insights that can improve management of the current pandemic and future pandemics to come.
Key words: COVID-19, SARS-CoV-2, emotion, behavior, mental health, pandemic.
COVID-19 = coronavirus disease 2019,MERS-CoV = Middle East
respiratory syndrome coronavirus, SARS-CoV = severe acute respi-
ratory syndrome coronavirus, SARS-CoV-2 = severe acute respira-
tory syndrome coronavirus 2
INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic emerged
rapidly during the first 3 months of 2020 after the identifica-

tion of a cluster of 44 cases (11 severe) of atypical viral pneumonia
of unknown cause inWuhan, China, onDecember 31, 2019. Some
cases of the index cluster were vendors who had a common link to
a large wet market selling live seafood and wildlife (1). Despite
early and extensive actions within China to prevent spread, by
January 8, 2020, the first case outside of China was reported in
Thailand (2), followed closely by subsequent large-scale outbreaks
in Europe (particularly Italy and Spain), North America, South
America, and finally, Africa (Figures 1–3). The COVID-19 situa-
tion was declared a pandemic by the World Health Organization
onMarch 11, 2020 (3). Lockdowns and other mitigation measures
were implemented around the world in a staged manner during this
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time, with significant evidence of success during the first wave
(4,5). In the closing months of 2020, several candidate vaccines
concluded phase 3 clinical trials, several of which emerged with
high levels of demonstrated efficacy (6–10) setting the stage for
the largest coordinated vaccination effort in world history.

A BRIEF OVERVIEW OF COVID-19
COVID-19 is a respiratory illness caused by a novel variant of co-
ronavirus, previously unknown to medical science. The coronavi-
rus family of viruses (formally known as Coronaviridae) is so
named based on the spike proteins (s-protein) around the outer
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FIGURE 1. Cumulative deaths per million in the first year of the COVID-19 pandemic. Data are in the public domain. Source: https://
ourworldindata.org/coronavirus.
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surface of the virus giving the protein a distinct crown or “corona”-
like appearance (11,12). This family includes numerous viruses
that naturally exist and reside within a variety of animal hosts
(e.g., bats, pangolins, and camels). Fortunately, only a small hand-
ful (n = 7) of known coronaviruses have significant adverse effects
on human beings. Of those known coronaviruses that infect
humans, approximately half (NL63, 229E, OC43, and HKU1)
cause a very mild or asymptomatic upper respiratory tract illness
in otherwise healthy individuals. The other species known to inter-
act with humans cause more serious infections: severe acute respira-
tory syndrome coronavirus (SARS-CoV), Middle East respiratory
syndrome coronavirus (MERS-CoV), and now SARS coronavirus
2 (SARS-CoV-2). SARS-CoVand MERS-CoV have both caused
epidemic outbreaks in recent decades and significant fatalities
within the geographical regions where these viruses initially
emerged (13–16). SARS-CoV-2 is the virus responsible for the
current global pandemic as it causes COVID-19 (17–20). Despite
being identified only in early 2020, SARS-CoV-2 may have been
responsible for isolated cases of human infection within rural re-
gions of China in the months or even years before the current out-
break (21), and converging evidence suggests the possibility of
limited circulation of the virus in human populations outside of
China in late 2019 (22).

The Origins of the Pandemic
The ultimate origins of the COVID-19 pandemic may never be
conclusively known, but the available evidence is consistent with
a “spillover” event. Spillover events take place when viruses resid-
ing within their natural reservoirs intermittently come into contact
with humans through a variety of interactions (e.g., hunting, animal
husbandry, or wetmarkets). Over time, with repeated contact and in-
teractions, the virus evolves and adapts to gain the ability to infect
human cells. Available evidence has linked SARS-CoV-2 to an
Psychosomatic Medicine, V 83 • 309-321 310
initial bat host and a mammalian intermediary (possibly a pangolin
or other mammalian species) (21,23). Although its infection fatality
ratio is significantly lower than SARS and MERS, its transmissibil-
ity is high, and coupledwith the lack of population immunity (innate
or acquired), the risk to the human population is substantial.

In the 2020 waves of COVID-19, strict social distancing inter-
ventions are estimated to have had a strong beneficial impact on
disease spread among the general population, offsetting tens of
millions of cases and millions of deaths around the world, based
on analyses of predictive models (24). The long-term success of
more circumscribed and sustainable public health measures to con-
tain the spread of infection in the coming months and years may
partially depend on the identification of high-risk groups (25). It
is worth noting that even with strict population-wide physical dis-
tancing, protection of the most vulnerable (i.e., people with signifi-
cant comorbidities, those older than 70 years) has been inadequate.
For example, in the United States and Canada, those residing in
long-term care facilities have faced disproportionate infection and
mortality risk (26). Other high-risk groups include middle-aged
to older adults with chronic lung disease or moderate-to-severe
asthma, serious heart disease, compromised immune systems,
obesity, diabetes mellitus, or chronic renal disease; those undergo-
ing dialysis; or those with liver disease (27). Recent work has also
highlighted the excess risk of COVID-19 and a higher risk of
experiencing more severe outcomes in ethnoculturally diverse, ur-
ban neighborhoods and among those generally subject to socio-
economic disadvantage (25,28).

Unique Features of COVID-19 Compared With Other
Viral Epidemics
The novelty of SARS-CoV-2 to the human species is a critical fac-
tor in understanding both the pathogenic variability and the public
health response to this pandemic. Because SARS-CoV-2 is a new
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FIGURE 2. Cumulative cases by selected continent in the first year of the COVID-19 pandemic. Data are in the public domain. Source:
https://ourworldindata.org/coronavirus.
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virus, humans have no specific immunological protection from
prior population-level exposure. With exposure and recovery,
there is evidence that antibodies are produced readily in response
to SARS-CoV-2 infection (21). There remains uncertainty about
the specificity, strength, and longevity of immunological protec-
tion stemming from such exposure, although some parameters of
immune response seem to last between 3 and 5 months after expo-
sure (29,30).

In comparison to past pandemics, which includes the 2009
H1N1 pandemic (also known as “swine flu”), 1918 flu pandemic
(also known as the “Spanish flu”), and the bubonic plague,
COVID-19 differs along a number of dimensions. The mortality
rate is lower than MERS (34%) (31), SARS (10%) (32), and the
1918 flu (1%–3%) (33). The most recent seropositivity studies
suggest an overall COVID-19 infection fatality rate less than
1%, but highly age-stratified (34,35). Specifically, those older than
80 years of age and/or with medical comorbidities have a substan-
tially greater likelihood of dying of infection (up to 20%) (34,35).
Children, in comparison, are overwhelmingly likely to have no
symptoms or very mild symptoms, even when using patient data
from clinical settings (36,37); there is also evidence that children
may indeed be less susceptible to infection overall than adults (38).
Age-related risk stratification was also evident in the 1918 flu, where
mortality rates were lower for older versus younger adults, possi-
bly because of prior exposure to a similar pathogen in the decades
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before the vulnerable younger generation was born (possibly the
1889 Russian flu pandemic) (39).

AFFECTIVE DYNAMICS AND THE COVID-19
PANDEMIC
Fear has played a prominent role in responses to the COVID-19
pandemic in terms of political rhetoric and the experience of the in-
dividual member of the population. From the latter perspective,
fear has an adaptive function because it serves to mobilize behav-
ioral responses to immediately present threats of a physical nature
(40,41), particularly those for threats that are evolutionarily signif-
icant (42). To the extent that humans are evolutionarily primed to
fear unfamiliar infectious pathogens, such a system ensures a ro-
bust response to such threats.

Self-protective responses comprise two separable response
systems within the human brain: a) a largely automated, subcon-
scious system under the control of the amygdala and its subnuclei
and b) a second conscious fear response of more neurophysiolog-
ically distributed origins within the neocortex, both of which are
oriented to defensive threat preparedness in different ways
(43,44). Under conditions of evolutionary preparedness, mobilized
defensive responses—particularly the nonconscious variant linked
to the amygdala—may be disproportionately stronger and/or more
readily triggered by associated stimuli. This may be adaptive if it
stimulates self-protective precautions on the individual and
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FIGURE 3. Deaths by selected country in the first year of the COVID-19 pandemic, expressed in absolute numbers (A) and per capita (B).
Data are in the public domain. Source: https://ourworldindata.org/coronavirus.
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societal level, but may also misdirect responses in unproductive
ways. The robust fear response to evolutionarily significant threats
is in stark contrast to other threats that are very substantial, but ei-
ther too familiar or of more recent evolutionary origins. For exam-
ple, a robust and adaptive fear response is comparatively difficult
to mobilize in response to the threat posed by familiar pathogens
(e.g., mumps, rubella, and influenza), chronic illness (e.g., diabetes
mellitus and heart disease), and climate change, despite their being
very substantial threats to humans individually and collectively as
a species.

Even robust fear of infectionmay not motivate adaptive behav-
iors that reduce the probability of getting the SARS-CoV-2 virus,
however, for two reasons. First, SARS-CoV-2 not only poses a
physical threat of infection but also presents financial (e.g., job
loss) and abstract threats (e.g., diminished freedom). Whereas fear
of infection can in principle drive appropriate precautionary behav-
ior, the aforementioned symbolic threats may motivate less precau-
tionary behavior in some circumstances (45). Second, decades of
research indicate that fear can give rise to adaptive or maladaptive
responses to threat depending on coping appraisals (46–48). Coping
Psychosomatic Medicine, V 83 • 309-321 312
appraisals refer to judgments of response efficacy, self-efficacy, and
response costs. When people believe that recommended behaviors
will reduce the threat of infection, are confident they can undertake
recommended actions, and see few costs in doing so, then fear pro-
motes adaptive responses. However, when coping appraisal is low,
fear engenders maladaptive responses, that is, responses that do
not in fact protect against the threat, or unwittingly amplify harm
(47,49). Maladaptive responses to the COVID-19 threat have in-
cluded accidental self-poisonings (50–52), xenophobia (53–55),
and fatalism in response to the threat (47,49,56–58). Of equal
concern may be hesitation to seek and provide diagnosis/care
for other life-threatening conditions (59,60), thereby creating
other types of mortality risk.

It is clear that affective dynamics of COVID-19 are complex.
Fear of infection energizes precautionary behavior, and this rela-
tionship is monotonic rather than curvilinear (41,57). However,
according to prominent social psychological theories of precau-
tionary behavior, arousing fear about infection by SARS-CoV-2
will not, on its own, promote physical distancing and other precau-
tionary behaviors. Adaptive responses to fear rely on beliefs about
May 2021
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the efficacy, and personal and social costs of precautionary behavior.
Likewise, other motivating variables are important to consider
beyond fear. For instance, geotracking data from 17 million US
smartphone users indicate that sociocultural norms were much
more powerful predictors of individual adherence to physical dis-
tancing than was the increase in rates of infection and death (as a
proxy for life threat) from March 9 to May 8, 2020 (61). From
this perspective, social norms—perceptions of others behavior
and approval—might be a particularly important target for interven-
tions and public communications in the specific case of COVID-19.
A comprehensive review of normative influences and other social
psychological factors can be found elsewhere (62).

MENTAL HEALTH
The degree of threat posed by COVID-19 and the heavy and pro-
longed public health actions undertaken to mitigate its spread both
constitute significant stressors. Considerable disruption of world-
view may occur for people previously viewing the world as a safe,
predictable, and just place. Likewise, disruption of support net-
works, both personal and professional, has occurred for wide
swaths of the population. These latter disruptions may be particu-
larly serious for people who are most vulnerable to—or already
suffering from—psychiatric illness before the onset of the pan-
demic, for example, those with a history of affective disorders,
those with substance abuse issues, those with tenuous support net-
works, or those of lower socioeconomic status, particularly the
homeless, those of African American and indigenous communities,
and those affected by HIV/AIDS (63–65). Given the excess mortal-
ity from COVID-19 and other sources, more frequent instances of
complicated bereavement may occur, particularly under circum-
stances where loved ones have not had an opportunity to adjust
to the circumstance or say their goodbyes, and/or undertake their
FIGURE 4. Mental health impacts of the COVID-19 pandemic as a f
Centers for Disease Control and Prevention. Bars represent average v
23, 2020, and February 1, 2021. For interpretive purposes, an all-age
for depression symptoms only; 8.2% for anxiety symptoms only) was
year before the pandemic. In the Household PULSE Survey, measure
Questionnaire and a two-item version of the Generalized Anxiety Di
public domain. Source: Centers for Disease Control and Prevention, h
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expected religious observances. Widespread unemployment may
precipitate or exacerbate financial and other stressors, and in some
cases, reduce access to quality mental health services. Any or all of
these factors could contribute to a rise in psychiatric disorder within
the world population in the wake of the COVID-19 pandemic.

Indeed, US population-level data from the Household Pulse
Survey documented high levels of significant (i.e., present nearly
every day or at least half the days in a week, and of a severity that
would warrant clinical follow-up) depression and anxiety symp-
toms fromApril 23, 2020, to early 2021 (66); Figure 4 presents cu-
mulative averages by age group. The mental health of young
adults in the 18- to 29-year age range seems to be worst affected,
with 51.5% reporting significant symptoms of depression or anxi-
ety compared with the population-wide benchmark value of 11%
from the 2019 National Health Interview Survey conducted a year
earlier. Those in the highest age ranges (>70 years) reported signif-
icant symptoms at less than half the prevalence of younger adults
(approximately 25%), but rates were still more than double the
2019 population benchmark value. Czeisler (67) reported the find-
ings from a representative panel survey conducted between June
24 and 30, 2020. In this survey, 40.9% of respondents reported
at least one adverse emotional or behavioral symptom related to
the COVID-19 public health emergency (i.e., anxiety, depression,
stress/trauma, substance use for coping, or suicidal ideation). The
same age gradient was evident, but even more striking in that
74.9% of young adults (18–24 years) showed at least one mental
or behavioral health symptom compared with 15.1% of those older
than 65 years. This was also reflected in comparisons between
those retired and those of working age (both employed and unem-
ployed). Rates of reported symptoms of a depressive or anxiety
disorder (30.9%), trauma/stress-related disorder (26.3%), and sub-
stance use for coping with emotions (13.3%) were more than
unction of age group. Data are from the Household Pulse Survey,
alues collapsed across all panels of data collection between April
s reference value of 11% (anxiety or depressive symptoms; 6.5%
found in the National Health Interview Survey conducted in the
ments were taken using a two-item version of the Patient Health
sorder scale, both adapted to a 7-day recall time frame. Data are
ttps://www.cdc.gov/nchs/covid19/pulse/mental-health.htm.
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double the normative levels. Approximately one-quarter of young
adults (18–24 years; 25.5%) and unpaid caregivers for older adults
(30.7%) reported having seriously considered suicide 30 days be-
fore the survey. Similarly, members of visible minorities (Hispanic
[18.6%] and Black [15.1%]) had significantly higher levels of such
thoughts than the general population value of 10.7%.

A recent systematic review on the mental health impact of
COVID-19 internationally has confirmed the aforementioned
trends internationally, with a high risk of mental disorder among
young adults (<40 years of age), students, women, and those with
high levels of exposure to COVID-19 media communications (68).
With respect to the latter, in a Chinese sample, the mental health im-
pact on children was particularly prominent among those with a
high level of media exposure, via Internet addiction or smartphone
addiction (69). Further elucidation of social media as an amplifying
and mitigating factor for psychological distress and disorder is an
important avenue for research in the biobehavioral sphere.

The temporal patterning of psychological distress will be impor-
tant to track in longitudinal studies. One such early study involving
repeated longitudinal assessments in the United Kingdom showed
increases followed by relative declines that nonetheless remained
above expected levels (70).

A Syndemic Framework
The syndemic framework may be an appropriate lens through
which to understand the interaction between psychiatric disorders,
stress, and behavioral factors in the COVID-19 context. A syndemic
is a disproportionately increased disease burden resulting from a
clustering of adverse factors; the interaction between the two or
more factors is synergistic rather than additive (71). For example, se-
vere psychiatric disorders interact directly with physiological vul-
nerability to COVID-19 and potentiate severe outcomes from it,
and this may be further amplified by behavioral and emotional fac-
tors that each also confer their own vulnerability (e.g., smoking and
stress) (72–77). The prevalence of smoking is much higher among
those with severe mental illness (particularly schizophrenia) than
in the general population (53–56), and smoking also introduces
physiological vulnerability to respiratory infection via structural
and immunological mechanisms (57,58), making it likely that those
with severe mental illness will experience more severe outcomes
from COVID-19 than other people. The public health measures
themselves may burden already taxed coping mechanisms and in-
creased stress in this population, via behavioral and immunological
mechanisms (78).

In support of the syndemic hypothesis, early data from a large
retrospective cohort study (n = 7348 consecutive adult patients,
with laboratory-confirmed COVID-19) in the United States found
that a diagnosis of a schizophrenia spectrum disorder was associ-
ated with 2.67 odds of mortality relative to patients without a psy-
chiatric disorder (79). This finding is remarkable in part because a
schizophrenia diagnosis adds an increment inmortality risk second
only to age in magnitude, which is otherwise the strongest known
risk factor for death after SARS-CoV-2 infection. In the aforemen-
tioned study, those diagnosed with an anxiety or depressive disorder
were not at enhanced mortality risk compared with patients without
a psychiatric diagnosis, after adjustment for confounders (79).

In summary, the syndemic framework is a potentially useful
framework with which to understand the multiple interacting vul-
nerabilities that are introduced by COVID-19 for psychiatric
Psychosomatic Medicine, V 83 • 309-321 314
populations (71). At least one early study suggests that those living
with schizophrenia spectrum disorder are one candidate group that
warrants special attention in this respect (79).

Suicide
Although statistically rare, suicide is an important mental health
outcome to monitor in the wake of COVID-19, equally as a func-
tion of psychiatric morbidities, economic situations, personal loss,
stress, loneliness, and social isolation (58,80–84). Prior pandemics
have been associated with reliable increases in suicide rates, al-
though the absolute number of suicides in such cases is a small
fraction of those killed by the pandemic itself (85–87), highlight-
ing the importance of interpreting both relative risk and absolute
numbers (88). Early signs suggest the potential for increased sui-
cide rates during the COVID-19 pandemic, though such effects
may be time-lagged. In a large-scale study in Japan, an initial
14% drop in suicide rates was observed in the first 5 months of
the pandemic, followed by a rise of 16% relative to baseline in
Wave 2 (89). The effect in this case was particularly pronounced
among women (37% increase) and children/adolescents (49% in-
crease). The increase in women was noteworthy because of their
higher level of domestic and parenting responsibilities, potential
for role conflict and exposure to domestic abuse. The increase in
suicide risk among younger age groups tracks the disproportion-
ately amplified anxiety and depressive symptoms observed in such
age groups in North America (see “Mental Health and Addictions”
section of this article above). In one major Canadian city, the num-
ber of deaths by suicide on the main subway system—a relatively
unambiguous instance intentional self-harm—was nearly double
that of the running 10-year average and the highest absolute level
since such data were collected systematically (90). Likewise, sig-
nificant increases in the prevalence of suicidal ideation have been
documented in self-report surveys, particularly among young
adults (67). Large-scale longitudinal analyses will assist in provid-
ing a clearer picture of the full range of impact of the pandemic in
terms of ideation and self-harm and should likely include consid-
eration of passive forms of self-harm and so-called “deaths of de-
spair” via substance abuse (91). The use of technology to reach
and mitigate risk among those with psychiatric and substance
abuse disorders will be critical for several years after the abatement
of the pandemic itself (see the “Technology and Behavior in the
Pandemic Response” section of this article hereinafter).
NEUROLOGICAL IMPACTS
Viral infections can affect the central nervous system directly or via
inflammatory processes arising from the activation of the body’s de-
fensive immune response. The latter inflammatory responses may
affect membranes surrounding the brain (meningitis) or brain tissue
itself (encephalitis). These inflammatory processes can trigger a
number of cognitive symptoms and impairments, ranging from
headache and pain, to difficulty concentrating and confusion, and
even more severe clinical outcomes such as seizures, edema, or
death in extreme cases. A viral infection also contributes to one’s
infectious burden, which is associated with cognitive decline (92,93).

One of the many unknowns about COVID-19 is the extent to
which it impacts the brain (94,95). Other viral infections that can
produce neurological or neuropsychiatric symptoms include influ-
enza (96), MERS (97), Zika (98), herpes (99), and chickenpox
May 2021
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(100). SARS-CoV-2 has a similar receptor binding domain struc-
ture to SARS-CoV and likely shares its neurotropism and neuro-
toxicity (101), and so we may expect COVID-19 to impact the
brain similarly at least among those with severe infections. Current
evidence suggests that SARS-CoV-2 can induce endotheliitis
(102). Thus, coagulopathy and vascular endothelial dysfunction
are proposed as COVID-19 complications (103). Endothelial dys-
function plays a critical role in the mechanisms leading to cerebral
small vessel disease and related brain changes, such as white mat-
ter lesions and lacunar infarcts (104).

The high occurrence of cerebrovascular incidents among those
hospitalized with COVID-19 suggests at least an indirect effect on
the brain when the infection is severe; many other symptoms such
as agnosia/ageusia, dizziness, and confusion (widely reported among
those who were or were not hospitalized) also suggest brain impacts
of infection. Animal and human tissue research suggests that adverse
consequences also exist from a mechanistic perspective (105). A
recent surveillance study in the United Kingdom showed signifi-
cant neurological manifestations of COVID-19 infection (106),
as did a large retrospective cohort study in the United States involv-
ing 62,354 patients (107). The latter study found reciprocal relation-
ships between COVID-19 risk and neuropsychiatric disorder, such
FIGURE 5. Age and sex distribution of COVID-19 deaths in the first y
Centers for Disease Control and Prevention, https://www.cdc.gov/nchs
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that a preexisting neuropsychiatric disorder amplified COVID-19
infection risk, and likewise, COVID-19 infection increased the risk
of new-onset psychiatric disorder or dementia (107).

Finally, a newly published study using a large electronic health
records of 236,379 patients diagnosed with COVID-19, showed a
33.6% chance of neurological or psychiatric diagnosis in the 6
months following infection, 12.8% of which were first lifetime di-
agnoses; these values rose to 46.4% and 25.8% for those patients
with the most severe infections, requiring ICU treatment (108).
By far, the most prominent incident diagnosis was anxiety disorder
at 17.4%, followed by ischemic stroke (2.4%) and psychotic disor-
der (1.4%).

LIFESTYLE BEHAVIORS, COMORBIDITIES, AND
SOCIAL DETERMINANTS
Primary demographic and disease-related risk factors for COVID-19
mortality are male sex, older age (>65 years; Figure 5), and the
presence of underlying chronic medical conditions, such as hy-
pertension, diabetes mellitus, chronic respiratory diseases (e.g.,
asthma), and cardiovascular and cerebrovascular diseases. Behav-
ioral risk factors are equally important and could include exercise
as a protective factor vis-à-vis aerobic fitness and smoking as a
ear of the COVID-19 pandemic. Data are in public domain. Source:
/nvss/vsrr/covid_weekly/index.htm.
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risk factor. Indeed, a systematic review of data from China sug-
gests that smokers were more likely to suffer from severe out-
comes and hospitalizations. Early data from the US Centers for
Disease Control and Prevention subsequently confirmed the
same pattern among North American infections (27,109), and a
more recent meta-analysis confirmed that smoking nearly dou-
bles the chance of severe COVID-19 infection (77). A study at
a major health system in New York revealed that among 5700 pa-
tients presenting for hospital treatment as a result of COVID-19
infection, the average age was 65 years, 60% were male, and
most had comorbidities, the most common being hypertension
(56.6%), obesity (41.7%), and diabetes mellitus (33.8%) (110).
In China, among 191 COVID-19 admissions to two major hospi-
tals in Wuhan, 48% had comorbidities, of which hypertension
was the most common (30%), followed by diabetes mellitus
(19%) and heart disease (8%) (111). At least four studies have
confirmed that those with evidence of cardiovascular disease
are at an increased risk of mortality with COVID-19 infection
(112–114). Although data are not yet available for vaping as a
risk factor for severe outcomes, the potential exists (115) and
could explain some occurrence of severe outcomes in younger
age groups. Indeed, COVID-19–related risks may be a compelling
addition to antismoking and vaping communications (116). Other
early life exposures that may confer risk include substance use
(cocaine), anabolic steroid use, and some antidepressant medica-
tions (117–120). Careful research will be required to distinguish
premorbid diatheses from the effects of the virus itself.

Social determinants of health, such as poverty, race, physical
environment, and homelessness seem to have a substantial impact
on outcomes related to COVID-19 (25). Critical public health
measures such as physical distancing are also more difficult for
people/populations experiencing adverse social circumstances.
Homelessness can contribute to overcrowding especially during
lockdowns when public spaces are closed, which may increase
the risk of infection (65). Similarly, food insecurity for children liv-
ing in poverty who rely on school lunch programs may be in-
creased during school closures. The resultant undernutrition or
malnutrition contributes to lowered immunity, thereby increasing
the risk of viral transmission (25). Social determinants can also in-
teract with medical conditions in insidious ways. For example,
asthma morbidity is associated with poverty, exposure to smoke,
and non-Hispanic Black race (121), whereas asthma itself is a risk
factor for COVID-19morbidity (122). In the United States, several
studies have found that those of African American descent are
more likely to experience greater rates of infection and mortality
from COVID-19 (123,124), an effect that could be attributable to
a higher likelihood of holding jobs that involve higher exposure
to COVID-19, such as service positions and other frontline posi-
tions, and less likely to be able to work from home.

Spatiotemporal analysis can play an essential role in the assess-
ment of the associations between race or ethnicity, geographic and
neighborhood inequities, and morbidity or mortality related to dis-
eases (125,126). In this context, this analysis can be used to iden-
tify clusters or “hot spots” of COVID-19 cases and detect spatial
and temporal variations in racial and neighborhood disparities re-
lated to COVID-19, for targeted public health interventions (127).
In effect, understanding where, when, and which group is dispro-
portionately affected by COVID-19 can significantly enhance the
public health response toward the disease.
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RACISM AND SOCIAL UNREST
The COVID-19 pandemic has coincided with and contributed to
various expressions of racism and social unrest. For example, for
Chinese Americans, racist tropes veiled under health-related fears
(128,129), perceptions as “perpetual foreigners,” (130) have been
used to support the belief that they are threatening physical and
cultural health of a White, Anglo-dominant US society. Nearly
half of both Chinese American parents and youth in one study re-
ported being directly targeted by COVID-19 racial discrimination
online and/or in person (131). Up to 91% of parents and youth re-
ported witnessing at least one incident of COVID-19 racial dis-
crimination online and/or in person. In addition, the majority of
parents and youth in the sample perceived collective racism in
the forms of health-related Sinophobia, where the Chinese are con-
sidered a health threat to American society, and the media’s role in
perpetuating Sinophobia. These experiences of racism and racial
discrimination were positively associated with poorer mental
health and reduced psychological well-being in both parents and
youth (131). Similar experiences have been reported by other
AsianAmerican communities during COVID-19 as spillover effects
of anti-Chinese racism (132). Americans who were more fearful of
COVID-19, had less accurate knowledge of the virus, and had more
negative attitudes toward Asians, as well as those who had less trust
in science and more trust in far-right political leadership, reported
beingmore likely to engage in discriminatory behavior toward people
ofAsian descent (133). TheCOVID-19 pandemic also coincideswith
a heightened awareness of the adverse consequences of discrimina-
tion, such as anti-black racism, and the systemic barriers in the care
and safety that members of variousminority groups experience. Like-
wise, an increased focus on the relationship between humans and our
habitat has encouraged re-engagement with indigenous peoples,
whom have retained more accurate understanding of the neces-
sary reciprocity between humans and nature. Reconciling social
and ecological imbalances may prove critical for preventing, mit-
igating and recovering from future pandemics.
TECHNOLOGYAND BEHAVIOR IN THE PANDEMIC
RESPONSE
The role of technology during the COVID-19 epidemic has been
prominent in a number of ways, both positive and negative. With
respect to the former, technology continues to play a crucial role
in efficiently and effectively conveying COVID-19 risk information
and instructions for population-level response. Some countries are
reliant on conventional text messaging (e.g., Vietnam), whereas
others developed COVID-19–specific mobile phone applications
(e.g., Canada, the United States, and the United Kingdom) to pro-
vide up-to-date information to the public (134). However, despite
the added features of apps, their passive nature makes them less
preferable to active push notification systems, given the greater
potential for information penetration and uniformity of messaging
in the latter (135).

Several countries close to China were able to keep the COVID-19
cases and deaths very low because of their efficient use of technology,
particularly South Korea and Vietnam. The extensive use of contact
tracing apps (e.g., NCOVI and SmartCity in Vietnam) was a notable
feature in their pandemic response (136). The use of such technol-
ogy raises concerns over data privacy and the ethics of mass surveil-
lance, likely contributing to their limited use in North America, the
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United Kingdom, and the European Union. A Bluetooth-based con-
tact tracing app, developed by a joint initiative of Google andApple,
offers more data security for contact tracing and may deliver the
desired security and information protection preferred by many
Western countries. However, more psychologically meaningful
apps that engage self-regulatory mechanisms to promote active
disease avoidance are important to explore.

Beyond loss of privacy, an additional dark role for technology
is the viral spread ofmisinformation and rumors, particularly in so-
cial media (e.g., Facebook and Twitter) (137,138). Because of the
ubiquitous nature of smartphones, people now have unrestricted
access to this misinformation. Some rumors are potentially dan-
gerous (e.g., consumption of methanol or disinfectant as a remedy
of COVID-19) and can threaten human life (135). Furthermore,
the use of social media and mobile apps (e.g., WhatsApp) to
spread hatred and xenophobia was also widespread in the early
days of the pandemic (139). Technology has also accelerated
acceptance and integration of new routes to accessing health care,
including mental health service provision, with social distancing
intact (e.g., telemedicine, for both physical and mental health contacts).
Further technological progress—specifically in consumer-focused
sphere—could bring a plethora of brain and body sensors to out-
of-clinic and home settings, benefiting telemedicine, and urgent
care and facilitating research in these contexts. There are already
new dedicated biomedical technologies announced that are intended
for consumers to fight COVID-19, such as smart masks, disposable
biosensors for continuous temperature, and cardiac function moni-
toring. Using such biomedical sensing and new mobile approaches
stemming from uniquely capable and tightly integrated artificial
intelligence could provide an in-depth and extensive health care,
remotely.
CURRENT UNKNOWNS AND FUTURE DIRECTIONS
Although scientific understanding of SARS-CoV-2 is growing
steadily, there are still a number of unknowns about the virus itself,
the illness that it causes in humans (COVID-19), and its biobehav-
ioral impact on the population. Hereinafter are some of the critical
questions for future biobehavioral research:

1. What are the psychological (e.g., stress, mood, and social-
cognition) and psychiatric (e.g., new occurrence of affective dis-
orders, stress-related disorders, and/or exacerbation of existing
conditions) impacts of COVID-19? How do these differ with re-
spect to those who directly experienced infection, health care
workers, and people in their wider social networks (family,
friends)? What are the mechanisms by which such adverse
impacts are generated (e.g., immunological, endocrinologi-
cal, neurobiological, and cognitive)? What factors predict re-
silience to adverse psychological and psychiatric effects of
COVID-19?

2. What are the best ways to promote vaccine uptake and fidelity
to precautionary behaviors as the pandemic persists? Perhaps
more importantly, can biobehavioral research help to inform
the communications strategies that might overcome vaccine
hesitancy?

3. What are the effects of SARS-CoV-2 on the central nervous
system, in an acute sense (immediately after infection), in the
short-term after recovery, and in the long-term? Are there
Psychosomatic Medicine, V 83 • 309-321 317
lasting impacts in some of those infected, and if so, what pre-
dicts these impacts? Does degree of impact of COVID-19 on
the brain depend on exposure level or type of exposure?

4. Positive growth experiences have been reported anecdotally
among some population members in industrialized nations dur-
ing stay-at-home orders; plausible mechanisms might include
reduced work stress, increased time with family, reduced expo-
sure to advertising, reduced consumerism, and reevaluation of
life situation. How common are such effects? What are the fac-
tors that predict personal growth during the pandemic? How
lasting are such effects? What are the relevant mechanisms?

5. What are the psychological (cognitive, affective, and attitudi-
nal) predictors of receptivity to the uptake of vaccines? Several
studies have characterized those with low levels of trust in con-
ventional authorities (e.g., physicians and public health officials)
and associated communication sources as more likely to be hes-
itant about vaccination (140). In a large sample of 13,426 re-
spondents from 19 countries in June 2020, approximately 2
of 3 respondents intended to take a vaccine if available, and
those who were older, had higher income, and had higher levels
of trust were more likely to indicate strong intentions (141).
Troublingly, vaccine hesitancy in the United States seems to
have increased from earlier to late in the pandemic (142). In a
study involving Turkey and the United Kingdom, beliefs that
COVID-19 was of natural origin were associated with less vac-
cine hesitancy (143). A recent meta-analysis of large sample
studies revealed consistent effects of demographic variables as
predictors of hesitancy, with female sex, lower income, and eth-
nic minority status as predictors of higher hesitancy (144). Other
individual differences are largely unexplored; it is possible, for
instance, that some cognitive styles and personality types might
be more or less likely to endorse vaccination. Identification and
tailoring of communications may be helpful in this respect.

6. What types of individual differences (i.e., cognitive, personal-
ity, attitudinal) predict adherence to social distancing and other
COVID-19 mitigation measures? (145). Do these factors differ
among the general population and health professionals in clin-
ical settings?

7. What are the origins of the large age-related differences in psy-
chiatric symptomology? What cohort-appropriate interventions
might best be mobilized to assist those suffering from adverse
mental health outcomes? Likewise, what psychological factors
account for the relative resilience of older adults to such
outcomes?

CONCLUSIONS
The COVID-19 pandemic has made clear that infectious disease
continues to pose a major global threat, with virtually every coun-
try in the world profoundly affected by the virus itself and/or
extreme mitigation measures intended to contain its spread.
Throughout this historic event, interactions between biology
and behavior have been prominent in the context of the substan-
tial social and economic consequences of the COVID-19 pan-
demic. Important areas for continued investigation include
affective responses to COVID-19, the neurobiological sequelae
of the disease (both acute and long-term), and syndemic poten-
tials involving psychopathology, substance use, and stress in
the context of socioeconomic disadvantage. Interdisciplinary
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cooperation will enable the highest-quality research to be con-
ducted, ideally involving behavioral scientists, social scientists,
epidemiologists, neuroscientists, technologists, biochemists,
and medical scientists working together to examine biobehavioral
facets of the COVID-19 pandemic and its lasting effects on the
world population. Many accounts suggest that the frequency of
such spillover events is on the rise because of a number of facets
of globalization and human interference with wildlife; if true, it
will mean that the templates that we establish for tracking and
responding to these facets will be important to maintain and reflect
upon long after the COVID-19 pandemic has fully abated.
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