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A B S T R A C T

COVID-19 along with the mitigation strategies being used to address the virus pose significant threats to our
individual and collective mental health. As the crisis evolves and persists, it will be increasingly important for the
research community to conduct investigations that address the mental health consequences of COVID-19. The
causes of mental health effects in the context of COVID-19 are multifactorial and likely include biological,
behavioral, and environmental determinants. We argue that the COVID-19 crisis significantly threatens our basic
human need for human connection, which might serve as a crucial environmental factor that could underlie the
overall insult to our mental health. Furthermore, “brain styles,” which we have previously conceptualized as
“biotypes” that are informed by a neural taxonomy, might interact with the universal threat to our need for
human connection to explain the mental health consequences of COVID-19 from a precision psychiatry
perspective. The goal of this viewpoint is to inspire research on the mental health consequences of COVID-19 from
an individualized, brain-based perspective that honors the profound threat that the virus poses to our basic human
motivations.
The COVID-19 pandemic is, by definition, a significant threat to hu-
manity. The pandemic is straining our healthcare and economic systems
in ways that are significant and obvious. Beyond these domains, COVID-
19 poses a profound threat to our most basic human motivations, espe-
cially human connection. While the threat to human connection is nearly
universal, the specific pathways by which COVID-19 impacts our mental
health are likely variable across individuals. In this viewpoint, we argue
that research on the mental health consequences of COVID-19 should be
sensitive to the universally experienced insults to our basic human mo-
tivations while simultaneously honoring the nuanced variable nature of
COVID-19’s mental health determinants from a precision psychiatry
perspective. To support this effort, we advance hypotheses on how
personalized brain profiles interact with our core need for human
connection in the context of COVID-19 to underlie some of the mental
health consequences of the pandemic. The research community could
benefit from considering these issues as we begin to study the impact of
COVID-19 on psychiatric well-being. Ultimately, developing a deeper
understanding of how biological, behavioral, and environmental mech-
anisms vary across individuals and underlie the mental health conse-
quences of COVID-19 could result in personally tailored interventions
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and precision insights.

1. Human connection: A core human motivation

Initially posited in his seminal 1943 paper, Maslow’s Theory of
HumanMotivation outlines a set of basic human needs that are organized
into a hierarchy of relative prepotency, anchored by physiological needs
and self-actualization as the lowest order and highest order needs,
respectively (Maslow, 1943). First, Maslow posits that, at the most basic
level, humans are driven to satisfy physiological needs that sustain life,
including air and food. Second, humans are motivated to pursue safety,
which is reflected by our preference for order, certainty, and comfort
over unfamiliarity, inconsistency, and chaos. Third emerges a deep
hunger for love and belonging, which becomes gratified by connecting
physically and emotionally with other people. Fourth, we have a need to
perceive ourselves with high evaluation and to feel respect for our self
and others, which Maslow labels our esteem need. Finally, if one is
fortunate enough to have these foundational needs met, they will be
greeted with a new discontent, which is satisfied by meeting one’s true
potential. Maslow refers to this ultimate sense of fulfillment as the pursuit
sychiatry and Behavioral Sciences, Stanford, CA, USA.
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of self-actualization.
COVID-19 stands to threaten all layers of Maslow’s Hierarchy, and

deficits across each of these core needs have deleterious consequences for
our mental health. Particularly salient, however, is the profound impact
of COVID-19 on satisfying our need for human connection, a need the
Maslow labeled love and belonging. Maslow’s original theory posited that
needs follow a stepwise progression, such that higher order needs emerge
as each preceding motivation becomes satisfactorily met. By this inter-
pretation, human connection could be mistaken for a relatively higher
order motivation that is perhaps necessary to thrive but not necessary to
survive. In contrast, some have argued that social connection is the most
essential need for survival among humans (Lieberman, 2013). Empiri-
cally, studies highlight the essential role of physical social contact and
emotional social connection in species’ survival (Harlow & Zimmer-
mann, 1959). In line with this latter stance, the reality of our species
experiencing a collective deficit in human connection has substantial
implications for our mental health and our overall human experience.

The current level of profound human disconnection has environ-
mental, biological, and behavioral determinants. One obvious environ-
mental determinant is nearly universal in nature. That is, individuals
across the United States and the globe are increasingly being encouraged
or required to stay in their homes, separated from friends, family, and
colleagues, with the narrow exception of leaving to engage in essential
activities. While these mitigation techniques are currently necessary from
a public health perspective, this unprecedented level of physical isolation
is incompatible with our basic human instincts and motivations. In
addition to this near ubiquitous environmental threat to connection,
unmet need for human connection is further reinforced by biological and
behavioral mechanisms that vary between individuals. Below, we outline
how neurobiologically based psychiatric taxonomies could interact with
COVID-19, human connection, and mental health.

2. Brain styles and the impact of COVID-19 on human connection

Along with other groups, we have characterized “biotypes” that are
informed by a neural taxonomy and which we conceptualize as brain
styles that contribute to the manifestation of mental health dysfunction
(for review: Williams, 2017). In concert with the pervasive threat to
human connection posed by COVID-19, these brain styles could be
determinative of how individuals experience the pandemic from amental
health perspective. Here, we briefly describe three such brain styles and
posit evidence-informed hypotheses on how each brain style might
interact with deficits in human connection to underlie mental health
challenges in the context of COVID-19. As outlined below, a confluence
of literature suggests that these brain styles hinder human connection.
We argue that COVID-19 could act as a catalyst that might exacerbate
these human connection deficits via pathways that vary across brain
styles. Given the relationship between human connection and mental
health (Eisenberger, 2012), these dynamics may have profound impli-
cations for the mental health consequences of COVID-19. It is not our
objective to comprehensively discuss the full range of consequences that
each brain style has on human connection and mental health. Rather, we
attempt to highlight several hypotheses that could be empirically tested
as researchers investigate the neural, behavioral, and environmental
mechanisms involved in the mental health consequences of COVID-19,
including how these dynamics vary across individuals.

2.1. “Rumination” brain style

Rumination, a clinical construct commonly associated with depres-
sion, is a style of responding to distress that involves repetitively and
passively focusing on the experience of distress. A ruminative thinking
style is thought to have neural determinants, and our group has posited
that these neural patterns comprise a ruminative brain style (for review:
Williams, 2017). Specifically, a ruminative brain style is one that has
previously associated with altered connectivity of the default mode
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network of the brain (Williams, 2017). An overabundance of connectivity
has been associated with rumination about internal concerns and worries
about the future, whereas too little connectivity has been associated with
an overgeneralized sense of self so that achieving an internal sense of
control may be difficult (Williams, 2017). In addition to affecting how
individuals see and feel about themselves, rumination also has delete-
rious consequences for how individuals relate to others. For example,
ruminators are perceived by others as having a number of undesirable
qualities, including dependency and neediness, being perseverative on
worries and negative events, aggressive, and ruminators are seen as
generally less favorable by others. As a result, ruminators are less likely to
receive emotional support from others, and more likely to experience
social friction, especially during times when they are in need of support
(Nolen-Hoeksema and Davis, 1999).

Importantly, individuals who are characterized by a ruminative brain
style could experience an exacerbation of rumination consequences due
to COVID-19. Specifically, a ruminative style could exacerbate an in-
dividual’s perceived threat to their physical health. Some empirical ev-
idence supports this hypothesis, as a ruminative thinking style has been
associated with a tendency to focus on health concerns. For example,
prior work has found that individuals with a ruminative thought style are
more likely to incorporate health concerns into autobiographical mem-
ory, and this could exacerbate their sense of vulnerability to illness and
health-related anxiety (Sansom-Daly et al., 2016). Thus, individuals with
a ruminative brain style could reasonably experience an increased need
for social support while simultaneously encouraging social friction and
negative perceptions from others as their ruminative tendencies become
exacerbated by the health threats posed by COVID-19. Therefore, in-
dividuals with preexisting ruminative tendencies may be at particular
risk of experiencing a deficit in human connection during COVID-19.
Importantly, ruminative thought tendencies have been associated with
deleterious mental health consequences, including depression, depres-
sive affect, life satisfaction, and overall poor psychological health
(Ysseldyk et al., 2007), and exacerbation of a ruminative thought style
could negatively impact mental health via decreased social connection in
the context of COVID-19.

2.2. “Anhedonia” brain style

Anhedonia is behaviorally characterized by a relative failure of
experiencing pleasure from activities or stimuli once enjoyed. Neuro-
biologically, anhedonia is associated with variability across neurobio-
logical substrates, including under-engagement of the brain’s reward
network. Specifically, hypoactivation across the striatum has been
consistently associated with anhedonia, and our group conceptualizes
hypoactivity within reward networks to be broadly consistent with an
anhedonia brain style (Williams, 2017). Anhedonic states may be prop-
agated by a “vicious cycle,” in which an underactive reward system
dampens an individual’s motivation to engage in activities that are
usually experienced as pleasurable (Husain and Roiser, 2018), as these
efforts are not reinforced with a requisite sense of reward, including
anticipatory reward. In the context of this dysfunctional reinforcement
cycle, sources of stimulation become increasingly limited and the anhe-
donia worsens (Berridge and Robinson, 2003).

Under normative conditions, social interaction activates reward cir-
cuitry in the brain, and motivates approach-oriented decision making
toward further social connection (Ruff and Fehr, 2014). An individual
experiencing anhedonia, however, demonstrates dampened reward in
response to social connection and interactions (Dodell-Feder and Ger-
mine, 2018). There is some evidence that individuals characterized by an
anhedonic brain style show neural patterns of diminished reward in
response to social connection. For example, individuals who fit an
anhedonic brain style demonstrate hypoactivation of reward networks in
response to socially rewarding stimuli (Williams, 2017). Moreover,
anhedonia has a functional impact on engagement in social connection,
as social anhedonia has been associated with decreased social support
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and impaired functioning in social domains (Blanchard et al., 2011).
Cruelly, COVID-19 sets the perfect stage for the propagation of social

anhedonia cycle. Due to social distancing ordinances, exposure to usual
sources of rewarding stimulation, including sources of human connec-
tion, are markedly reduced in our current reality. As reviewed above,
reduced exposure to rewarding stimuli seems to fuel a cycle of antici-
patory reward deficits, diminished motivation for engaging in social
interaction, and blunted reward (Dodell-Feder and Germine, 2018; Ruff
and Fehr, 2014). Thus, individuals who are already primed for blunted
anticipatory reward, such as individuals with an anhedonic brain style,
could experience an even greater degree of amotivation to connect with
others. In further support of this hypothesis, chronic deprivation of social
interaction is experienced as a stressor, and animal models suggest that
consistent exposure to stress exacerbates reward deficits in the context of
anhedonia, which is mediated by modifications in the brain’s reward
circuitry (Willner et al., 1992). Due to the interplay among these neural
and behavioral processes, individuals with an anhedonic brain style are
at risk for social withdrawal. Thus, individuals with an anhedonic brain
style may experience exacerbated threat to their core need for human
connection during COVID-19. Exacerbation of anhedonia has deleterious
consequences for mental health, as anhedonia has been associated with
depression, suicide, and overall poorer quality of life (Winer et al., 2016).
Furthermore, exacerbation of anhedonia during the pandemic could also
negatively impact mental health via diminished social connection, as
social disconnection is associated with deleterious mental health conse-
quences (Eisenberger, 2012).

2.3. “Threat dysregulation” brain style

Individuals vary on how they interpret stimuli that they encounter in
their internal experience and external environment. Some individuals
have a bias towards attending to threatening stimuli in their environ-
ment. Neurobiologically, this tendency could result from heightened
reactivity within the brain’s threat networks. Consistent with the idea of
a threat dysregulation brain style, attentional bias towards threat appears
to have neural signatures. Specifically, a threat dysregulation brain style
has been characterized by hyperactivation of the amygdala (Williams,
2017) and hypoactivation in the medical prefrontal, including anterior
cingulate, cortex (Williams, 2017) in response to threatening stimuli.
Subsequent work highlights how this brain-mediated attentional bias
towards threat emerges as a transdiagnostic trait that commonly appears
among individuals with clinical anxiety of various types (Abramowitz
and Blakey, 2020). In addition to contributing to psychiatric dysfunction,
threat dysregulation impacts our social relationships and connections
with others, as individuals who experience an overactive threat response
are more likely to withdraw from social relationships and connections
(P�erez-Edgar et al., 2011). The relationship between overactive threat
appraisal, anchored in neural dysregulation, and social disconnection
could be reinforced in a cyclical manner. That is, individuals who report
high perceived social isolation are particularly attuned to social threats
and rejection, which leads individuals to think and act more negatively
towards others, thus fueling further social disconnection (Cacioppo et al.,
2014).

At present, the brains of individuals are constantly being prompted to
evaluate threat in their environment given the pervasive presence of
COVID-19 in our collective awareness and our natural tendency to
evaluate and categorize threats that we encounter. For example, we are
being confronted with internal stimuli (e.g., signs of illness symptoms)
and external stimuli (e.g., possible contaminated surfaces, other people),
which are likely to be perceived by our brain as threatening cues related
to COVID-19. Some evidence suggests that a bias to threat expressed in
behavioral responses and allocation of attention is exacerbated by stress
(Mogg et al., 1990). Importantly, COVID-19 is a significant source of
stress and poses a well-defined threat. Thus, individuals with a threat
dysregulation brain style may experience an heighted allocation of
attention to potential sources of threat during the pandemic. Given the
3

relationship between attentional biases to threat bias and social (dis)
connection (P�erez-Edgar et al., 2011), individuals with a threat dysre-
gulation brain style may be at particular risk for experiencing deficits in
human connection during the pandemic. Threat bias alone has delete-
rious implications for mental health, as behavioral biases towards threat
are associated with elevated anxiety and depression (Ruhe et al., 2019).
Additionally, a threat dysregulation brain style could negatively impact
mental health via social disconnection given the association between
social connection and psychiatric health (Eisenberger, 2012).

3. Significance

In this viewpoint we argue that the mental health consequences of
COVID-19 are partially determined by an interaction between precision
brain profiles and the universal threat to human connection posed by the
virus. We argue that this perspective is a useful way to conceptualize the
mental health consequences of the pandemic as it captures the depth of
COVID-19’s threat to the human experience and generates hypotheses on
the mental health implications of COVID-19 from a nuanced, precision
psychiatry perspective. In advancing this viewpoint at this crucial junc-
ture of the pandemic, we aim to inspire the development of research
questions on the mental health implications of COVID-19. It is our hope
that evidence-informed hypotheses, including those that we offer in this
article, will be tested empirically as researchers integrate research aims
on COVID-19 into existing protocols and future studies. Ultimately, un-
derstanding the impact of COVID-19 on mental health from a personal-
ized, brain-based perspective could lead to the development and
implementation of maximally effective intervention strategies. Addi-
tionally, understanding the impact of COVID-19 in this way could pro-
vide crucial insights on the ways in which the pandemic stands to impact
the trajectory of individuals’ mental health beyond the era proximal to
COVID-19. Finally, by grounding our perspective in a discussion of core
human needs, we aim to highlight the responsibility incumbent upon
researchers to honor the profound threat that COVID-19 poses to what
makes us human when pursuing research in these areas.
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