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Background: Because there is a relationship between mental health (MH) and medical
adversity and autonomic dysregulation, we hypothesized that individuals infected
with COVID-19 would report greater current autonomic reactivity and more MH
difficulties (emotional distress, mindfulness difficulties, and posttraumatic stress). We also
hypothesized that individuals diagnosed with COVID-19 who are experiencing difficulties
related to their prior adversity and those providing medical care to COVID-19 patients
would be more negatively impacted due to their increased stress and infection rates.
Method: US participants (N = 1,638; 61% female; Age M = 46.80) completed online
self-report measures of prior adversity, current autonomic reactivity and current MH
difficulties, and COVID-19 diagnosis history. Participants diagnosed with COVID-19 (n
= 98) were more likely to be younger and providing medical care to COVID-19 patients.
Results: Individuals diagnosed with COVID-19 reported increased current autonomic
reactivity, being more negatively impacted by their prior MH/medical adversities,
and currently experiencing more MH difficulties with an increased likelihood of
clinically-significant PTSD and depression (p <0.01 – p <0.001). Current autonomic
reactivity mediated 58.9% to 85.2% of the relationship between prior adversity and
current MH difficulties; and COVID-19 diagnosis moderated and enhanced the effect
of prior adversity on current autonomic reactivity (p < 0.01). Being a medical provider
was associated with increased current autonomic reactivity (p < 0.01), while moderating
and enhancing the relationship between current autonomic reactivity and emotional
distress and posttraumatic stress symptoms (p < 0.05). Combining COVID-19 diagnosis
with being a medical provider increased likelihood of clinically-significant PTSD and
depression (p < 0.01).
Conclusion: Individuals diagnosed with COVID-19, particularly medical providers, have
increased current autonomic reactivity that is associated with their prior adversities and
current MH difficulties.
Keywords: COVID-19, autonomic reactivity, adversity, mental health, PTSD, healthcare providers
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INTRODUCTION

as it may further explain how the COVID-19 infection may relate
to MH difficulties.
A particularly vulnerable group to autonomic dysregulation
may be those who have experienced prior adversity, as their ANS
may be retuned to be more reactive, and thus more sensitive to
future threats. One study found that in uninfected participants
during the pandemic increased autonomic reactivity mediated
the relationship between prior MH adversity and current MH
difficulties that were not medically related (1). However, there is a
need to go beyond asking about the occurrence of an event, such
as emotional abuse, and to focus on the perceived impact of the
experience as it may relate to the frequency and severity of the
events. This is important as individuals who are more impacted
by their adversity history may experience greater alterations in
their ANS.
Medical adversity may also impact autonomic regulation.
Changes in autonomic functioning are present in fibromyalgia,
which is characterized by chronic, widespread pain and
symptoms of fatigue and dizziness (18). Autonomic
dysregulation among fibromyalgia patients include hyperactivity
at rest (associated with cold extremities, irritable bowel
syndrome, interstitial cystitis), hypoactivity during stress
(associated with persistent fatigue, low blood pressure, dizziness,
and faintness), sleep disruption, and postural orthostatic
tachycardia syndrome (POTS) (18, 19). POTS, a common
abnormality of the autonomic nervous system frequently
diagnosed with fibromyalgia, consists of autonomic failures such
as dysregulated blood flow and orthostatic tachycardia (19).
One mechanism for autonomic dysregulation may be through
the immune system as the level of activity and responsivity
of discharges in the sympathetic and parasympathetic nerves
is affected by cytokines and other immune factors (20). This
connection between the ANS and the immune response is
discussed in gut-microbiome homeostasis (21) and in theories
behind the etiology of depression that link elevated proinflammatory cytokines with major depressive disorder (22).
The interaction between the immune system and ANS
is evident in multiple sclerosis (MS), an autoimmune
disease involving dysregulation of both sympathetic and
parasympathetic systems (23). The parasympathetic nervous
system is largely driven by the vagus nerve (10th cranial
nerve) activity that interacts with the acetylcholine receptors
in the body and is involved in anti-inflammatory pathways
and cellular immune function (23). This is important for
MS, as the pathophysiology of this disease involves overactivation of immune cells that begin to attack the body’s
own cells, producing symptoms including but not limited
to pain, fatigue, loss of sensation, difficulty swallowing, and
depression. When communication between the ANS and
immune system is dysregulated, inflammatory responses may
influence the progression of MS activity, which may induce
or worsen a flair of MS (23). Thus, it may be that ANS
dysfunction contributes to MS disease progression, specifically
through changes in communication with the immunological
system (23). Similarly, individuals impacted by their prior
medical adversities who are infected with the COVID-19
virus may exhibit increased autonomic reactivity because

The outbreak of the COVID-19 pandemic has placed stress
on society that relates to worry of being infected, losing
access to necessities and medications, financial instability, and
social isolation (1, 2). The potential impacts and effects of
these stressors may be explained through polyvagal theory
(3). Polyvagal theory suggests there is a neurophysiological
framework rooted in human phylogenetic heritage for the
body to determine whether an environment is safe. Through
the process of neuroception, the autonomic nervous system
can detect threats outside of conscious awareness. When in
danger, the sympathetic nervous system triggers mobilization
(fight or flight) or immobilization (freeze) response to disengage
from social interaction. Mobilization may manifest into chronic
anxiety or irritability, whereas immobilization may lead to death
feigning, syncope, dissociation, withdrawal, loss of purpose,
social isolation, and depression (2).
Along with societal stressors that may retune the autonomic
nervous system to react to a potential threat, there may be a
link between COVID-19 diagnosis and autonomic dysregulation
that may relate to the body’s reorganization to fight the disease.
One study found the COVID-19 patients in the acute and
chronic phase experienced tachycardia, labile blood pressure,
muscular fatigue, and shortness of breath (4). Given that
autonomic dysregulation can also contribute to these symptoms,
the author called for testing, research, and interventions that
target the autonomic nervous system (ANS). Another study
found significant differences in autonomic functioning in severe
and mild COVID-19 patients compared to the control group,
as indicated by their heart rate and blood pressure variability
and lower baroreceptor sensitivity which put them at risk
for sudden cardiac death (5). Research also suggests that
the changes in the autonomic nervous system may persist
after the infection has dissipated (6). Amongst COVID-19
survivors, symptoms include orthostatic hypotension, postural
tachycardia syndrome, orthostatic intolerance, and sudomotor,
gastrointestinal and pupillomotor dysfunction (6). Thus, the
COVID-19 infection may alter the functioning of the autonomic
nervous system, suggesting a need to look at how the COVID19 infection, outside of societal stressors, may relate to
autonomic reactivity.
In addition to medical consequences associated with the
infection, there have been numerous reported mental health
effects such as depression, anxiety, insomnia, and executive
functioning and psychomotor difficulties, as well as decreased
quality of life (7–14). In a study examining brain scans pre and
post COVID-19 infection, the virus was found to be associated
with a reduction in gray matter thickness in fronto-parietal and
temporal regions of the brain as well as significant cognitive
decline, which persisted even when only examining mild cases
(15). The effects of the COVID-19 infection also include
difficulties with thinking, concentrating, and memory, known
as brain fog, which is hypothesized to be a result of infection
and inflammation of cells of brain vessels (16). Considering
autonomic reactivity is an indicator of overall physical and
mental wellbeing (17), it is important to take this into account
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would be associated with greater negative MH difficulties. Thus,
we hypothesized that

their ANS may be “retuned” to optimize reactivity to threat
and consequently experience MH difficulties associated with
autonomic dysregulation.
With healthcare providers being the frontline workers during
the COVID-19 pandemic, there has been an increasing concern
about their mental and physical health. The results of a
large systemic review of the literature suggest that medical
providers are at risk of reporting MH difficulties such as anxiety,
depression, distress, and sleep problems, which may relate to
their work demands, COVID-19 exposure, and lack of personal
protective equipment (24). A review study found healthcare
workers reported these mental health problems in addition
to emotional exhaustion, depersonalization, lack of personal
accomplishment, and somatic symptoms such as decreased
appetite, indigestion, and fatigue (25). COVID-19 work related
stressors such as caring for infected patients, witnessing patient
deaths, shortages of equipment, and increased professional
demands, may also contribute to a decline in their mental health
(26, 27). One study found significantly higher rates of anxiety
about spreading the virus to loved ones, mental exhaustion, and
posttraumatic stress symptoms in healthcare workers placed in
the COVID-19 unit compared to healthcare workers in other
units (28). Another study found high rates of moral injury in
healthcare providers that were related to how much COVID-19
impacted their work life, concerns about COVID-19 protective
equipment, and how supported they felt by their administrative
leadership (29).
The worries of the medical providers are founded in reality
as they have an increased risk of contracting COVID-19 (2,747
cases per 100,000 people) compared to the general population
(242 cases per 100,000 people); suggesting the need to look
at related outcomes of the diagnosis itself on this population
(30). Given the mental health consequences associated with a
previous COVID-19 infection in the general population (7–14),
one would anticipate similar or more severe outcomes in medical
providers. However, little research has been done on how being
infected with COVID-19 may influence this population’s mental
health. One study found that medical workers with a history of a
COVID-19 infection had significantly higher prevalence of stress,
anxiety, depression, and PTSD compared to medical workers
with no COVID-19 infection history (31). Therefore, both
the COVID-19 diagnosis and stress that healthcare providers
experience may result in increased levels autonomic reactivity
that retune their autonomic nervous systems and worsen their
mental health.
The current study investigates whether individuals infected
with COVID-19 are experiencing higher levels of self-reported
current autonomic reactivity and more MH difficulties, and
whether their difficulties would relate to their prior MH
and medical adversities. Polyvagal theory would suggest that
individuals more impacted by their prior adversities would
be more vulnerable to and impacted by the COVID-19
virus, and that their COVID-19 infection exacerbating their
prior vulnerabilities and leading to more MH difficulties (i.e.,
emotional distress, mindfulness difficulties, and posttraumatic
stress symptoms). Specifically, the increased autonomic reactivity
associated with their prior adversity and the COVID-19 infection
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• Individuals infected with the COVID-19 virus will report
higher levels of current autonomic reactivity and having been
more impacted by their prior MH and medical adversities.
• Individuals more impacted by their prior MH and medical
adversities will report experiencing higher levels of current
autonomic reactivity.
• COVID-19 diagnosis will interact with prior adversity to
impact current autonomic reactivity.
• COVID-19 diagnosis will moderate the relationship between
prior MH and medical adversity and current MH difficulties,
with individuals infected by the COVID-19 virus who are
more impacted by their prior adversities reporting more
current MH difficulties (i.e., emotional distress, mindfulness
difficulties, and PTSD symptoms).
• Increased current autonomic reactivity will mediate the
relationship between prior MH and medical adversity and
current MH difficulties.
In addition, this study will explore whether medical providers,
who are on the frontline of caring for COVID-19 patients
and at greater risk of contracting COVID-19, may be more
negatively impacted. Specifically, it explores whether they report
higher levels of current autonomic reactivity and current MH
difficulties, and if their increased current autonomic reactivity
relates to their MH difficulties beyond the general population
effects reported for COVID-19 diagnosis.

METHOD
Procedure
All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards. After receiving Institutional
Review Board approval, data collection began on March 29,
2020. Data was collected through fall of 2020, which coincides
with the first wave of COVID-19 in the United States. The
only inclusion/exclusion criteria was that individuals needed
to be 18 years or older. Participants were recruited via social
media postings on Reddit, Twitter, Facebook, Instagram, and
email lists. To increase the percentage of male, low income, and
non-Caucasian responders in the U.S., additional individuals
were recruited via Qualtrics Panels and paid according to their
compensation plan (e.g., cash, airline miles). On the study
landing page, participants read the consent form and decided
whether to participate. The survey data underwent quality
analysis via automated checks.

Constructs and Measures
The survey asked participants whether they have been diagnosed
with COVID-19 and if they had experienced physical symptoms
related to COVID-19. The latter information was used to
eliminate participants from the sample who may have had
COVID-19 but did not get an official diagnosis, as data collection
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to form a total score, with higher scores representing greater
emotional distress.
Mindfulness difficulties was measured via the Mindful
Attention Awareness Scale (38), which includes 15-items that
assess dispositional mindfulness, such as open and receptive
awareness of what is presently occurring. The respondent rates
frequency of everyday experiences via a 6-point Likert scale (1 =
almost always, 2 = very frequently, 3 = somewhat frequently, 4
= somewhat infrequently, 5 = very infrequently, and 6 = almost
never). For the current study, the items were reverse scored
so that higher total scores reflect higher levels of mindfulness
difficulties. This measure has strong psychometric properties (38)
and was found to be internally consistent with the current sample
(α =0.90).
Posttraumatic stress symptoms were measured using the
PTSD Checklist Civilian Version (39), which is a 17-item selfreport measure assessing posttraumatic stress symptoms over the
past month related to a traumatic event using a five-point Likerttype scale (0 = not all, 1 = a little bit, 2 = moderately, 3 =
quite a bit, 4 = extremely). This measure has good convergent
validity, internal and temporal stability, and test-retest reliability
(40), and was found to be internally consistent with the current
sample (α =0.96). For the current study, we also focused on the
categorization of whether participants scored above or below the
clinical cutoff, which is reached by endorsing at least one reexperiencing item, three avoidance items, and two hyperarousal
items (41).
Depression was assessed via the Patient Health Questionnaire2 (42, 43), which assesses frequency of depressed mood and
anhedonia over the past 2 weeks via a 4-point Likert-type scale
(0 = not at all, 1 = several days, 2 = more than half the days, and
3 = nearly every day). The scores for the two items are summed
to determine if the respondent meets clinical cutoff (total score is
3 or greater), which suggests the need for further assessment for
depressive disorder.

began at a time when testing for COVID-19 was not readily
available. Demographic factors, such as their age, gender, racial
identity, and education and income level, were additionally
collected. Below is a description of the constructs and measures
and the analyses assessing internal consistency of the measures
via Cronbach alpha (α).
Current autonomic reactivity was assessed via the Body
Perception Questionnaire Short Form (32, 33), a 20-item measure
that assesses self-reported experiences of reactivity in organs and
tissues regulated by the ANS. The respondent indicates frequency
of bodily sensations using a 5-point Likert scale (1 = never
and 5 = always). Higher scores indicate destabilized autonomic
reactivity and have been found to relate to lower parasympathetic
activity, higher resting heart rate, and less parasympathetic and
sympathetic flexibility in response to challenges (Kolacz, Lewis
et al., in preparation). This measure has good convergent validity,
internal consistency, high test-retest reliability, and consistent
factor structure across samples (34–36).
Mental and medical health history represents participant’s
reported diagnostic history and how impacted they were by
their mental and medical health experiences. Two questions
asked whether they had a medical diagnosis believed to increase
their COVID-19 risk (e.g., heart condition, chronic lung disease,
moderate to severe asthma) or had a prior psychiatric diagnosis.
Impact of prior MH and medical adversity was assessed
via a preliminary version of the Adverse and Traumatic
Experiences Scale (1, 37). This instrument asks about prior
MH adversity (19 items; α = 0.86), which includes caregiver
adverse experiences, caregiver maltreatment, non-caregiver
maltreatment, life-threatening situations, sudden death of close
ones. It also asks about prior medical adversity (6 items;
α = 0.78), which includes serious chronic health condition
(e.g., diabetes), severe asthma attack that did not respond to
medication, life-threatening illness (e.g., cancer), life-threatening
injury requiring hospitalization, traumatic brain injury, invasive
surgery with general anesthesia. For all the items, the participants
indicate how impacted they were via a 5-point Likert scale (0 =
event did not occur, 1 = occurred and no impact on my life, 2 =
minimal impact on my life, 3 = some impact on my life, and 4 =
big impact on my life).

Statistical Analyses
To assess differences in current autonomic reactivity and prior
mental health histories in individuals infected or not infected
by COVID-19, ANOVA and chi square analyses compared the
groups with regard to their current autonomic reactivity, mental
health history (prior diagnosis and impact of MH and medical
adversity), and current MH difficulties (emotional distress,
mindfulness difficulties, and posttraumatic stress symptoms). To
investigate whether individuals more impacted by their prior
MH and medical adversities report experiencing higher levels
of current autonomic reactivity, linear regression analyses were
run. To test the hypothesis that COVID-19 diagnosis interacts
with prior adversity to impact current autonomic reactivity,
hierarchical linear regression analyses were run. The first model
included as predictors the individual and combined impact of
prior MH adversity and COVID-19 diagnosis in step 1, and then
included medical adversity in step 2 to determine if its inclusion
influenced the predictive power of the variables entered in step 1.
Similarly, the second model included as predictors the individual
and combined impact of prior medical adversity and COVID-19
diagnosis in step 1, and then included MH adversity in step 2 to

Current Mental Health
We focused on measures assessing emotional distress,
mindfulness difficulties, and posttraumatic stress symptoms. In
addition, two measures were used to determine if the participants
scored above the clinical cutoff for PTSD and depression. The
specific measures used are described below:
Emotional distress was measured via a 12-item instrument
designed to assess extent of distress symptomatology listed in the
Center for Disease Control Website. The respondent indicated
via a 5-point Likert scale (0 = not at all, 1 = a little bit,
2 = moderately, 3 = quite a bit, and 4 = extremely) if they
were experiencing signs of distress (e.g., anger/fear, sadness,
bothered by things that did not bother them before, everything
feels like an effort, feelings of disbelief, and increased substance
use). The internally consistent items (α = 0.92) were combined
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with COVID-19 reported currently having symptoms that could
be related to COVID-19, whereas 52.9 of participants that
reported currently having COVID-19 reported currently having
symptoms that could be related to COVID-19.The participants
infected with COVID-19 were younger (M = 37.98, SD = 12.51)
than those not infected by COVID-19 (M = 47.37, SD = 16.35),
F (1,1586) = 30.53, p <0.001; eta square = 0.019. The groups did
not differ with regard to educational level or income.

determine if its inclusion influenced the predictive power of the
variables entered in step 1.
Moderated mediation analyses via SPSS Process model 7
explored whether autonomic reactivity mediated the relationship
between prior adversity and the current MH difficulties, and
whether the relationship between prior adversity and current
autonomic reactivity was moderated by COVID-19 infection
group status and thus was different for the two groups. The
hypothesized moderated mediation model (see Figure 3) was
tested using a bootstrapping approach in multiple models to
assess the significance of the indirect effects at the two levels
of the moderator (44). Previous MH and medical adversity
were the predictor variables, with current autonomic reactivity
as the mediator. The outcome variables were current MH
difficulties (i.e., mindfulness difficulties, emotional distress,
and posttraumatic stress) and COVID-19 diagnosis was the
proposed moderator. Moderated mediation analyses test the
conditional indirect effect of a moderating variable (i.e., COVID19 diagnosis) on the relationship between a predictor (i.e., MH
or medical adversity) and an outcome variable (i.e., mindfulness
difficulties, emotional distress, or posttraumatic stress) via
potential mediators (i.e., COVID-19 diagnosis). The “PROCESS"
macro, model 7, v2.16 (44) in SPSS version 23 with bias-corrected
95% confidence intervals (n = 10,000) was used to test the
whether the indirect (i.e., mediated) effects were mediated by
current autonomic reactivity (i.e., conditional indirect effects).
This model explicitly tests the moderating effect on the predictor
to mediator path (i.e., path a). An index of moderated mediation
was used to test the significance of the moderated mediation or
the difference of the indirect effects for the COVID-19 diagnosis
groups. Significant effects are supported by the absence of zero
within the confidence intervals.
To investigate whether medical providers report a higher
level of current autonomic reactivity and if their increased
autonomic reactivity relates to more MH difficulties, various
analyses were run. First, chi square analyses evaluated whether
the individuals diagnosed with COVID-19 were more likely to
be providing medical care to COVID-19 patients. Next, ANOVA
analyses explored the contributions and potential interaction
of medical provider role and COVID-19 diagnosis on levels of
current autonomic reactivity while considering age. Moderation
analyses with age entered as a covariate investigated whether
medical provider role moderated that relationship between
current autonomic reactivity and emotional distress. Lastly,
binary logistic regression analyses examined the contributions
of medical provider role and COVID-19 diagnosis in predicting
individuals who score above or below the clinical cutoff for PTSD.

Aim 1: Assess Differences in Current Autonomic
Reactivity and Prior Mental Health Histories in
Individuals Infected or Not Infected by COVID-19
As reported in Table 1, the COVID-19 diagnosis and no
COVID-19 diagnosis groups differed in terms of level of their
current levels of autonomic reactivity and the distributions
within the groups are virtually non-overlapping. When focusing
only on the 98 participants diagnosed with COVID-19, the
47 participants currently infected reported experiencing more
autonomic reactivity (M = 70.01, SD = 11.13) than the
previously infected (M = 64.14, SD = 13.60), F (1,95) = 5.44,
p =0.022; η2 =0.05. However, as evident by the eta square
coefficients, the magnitude of these effects was noticeably smaller
than the COVID-19/no COVID-19 contrasts.
Table 1 also shows that the COVID-19 diagnosis and no
COVID-19 diagnosis groups differed in their likelihood of
previously being diagnosed with depression and a medical
disorder that increases COVID-19 risk. While these differences
are significant, the most striking differences are with regard
to how impacted they were by their prior MH and medical
adversities. Similar to current autonomic reactivity, the
distributions within the groups are virtually non-overlapping.
Thus, we investigated the relationship between reported
impact of prior adversity, current autonomic reactivity, and
likelihood being infected with COVID-19. Figure 1 shows ROC
curves for current autonomic reactivity, prior MH adversity,
and prior medical adversity on the probability of COVID-19
diagnosis. The probability of COVID-19 infection dramatically
increases as scores increase for prior MH and medical adversity
and for current autonomic reactivity.

Aim 2: Investigate Whether Individuals More
Impacted by Their Prior MH and Medical Health
Adversities Report Experiencing Higher Levels of
Current Autonomic Reactivity
Linear regression analyses evaluated how prior MH and medical
adversity is associated with current autonomic reactivity. The
combination of variables accounted for 57.9% of variance for
the COVID-19 diagnosis group, F (2,94) = 64.66, p < 0.001, with
prior medical adversities being a stronger predictor than prior
MH adversities (B =0.49, p <0.001 and B =0.32, p = 0.004). In
contrast, for the no COVID-19 diagnosis group, the combination
of variables only accounted for 24% of the variance, F (2,1529) =
247.20, p < 0.001, with prior MH adversities being a stronger
predictor than prior medical adversities (B =0.34, p <0.001 and
B =0.22, p < 0.001).

RESULTS
Participants
Participants (N = 1,638; 61% female; Age M = 46.80, SD
=16.29, range 18–88 years old) were individuals living in the
US that either reported no prior diagnosis or physical symptoms
related to COVID-19 (n = 1,540) or having been diagnosed with
COVID-19 (n = 98) currently (n = 61) or previously (n = 37).
We found that 47.1% of the participants previously diagnosed
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TABLE 1 | Vulnerability factors by COVID diagnosis groups.
F or X2

η2

F = 417.09***

0.20

0.77 (1.04)

F = 3.78

0.00

24.2%

X2 = 4.48*

0.00

21.4%

26.8%

X2 = 1.34

0.00

14.3%

14.5%

X2 = 0.00

0.00

30.99 (14.47)

12.03 (10.08)

F = 303.42***

0.16
0.05

COVID diagnosis
(n = 98)

No COVID diagnosis
(n = 1,540)

M (SD)

M (SD)

67.02 (12.73)

46.47 (9.42)

Prior psychiatric diagnosis

0.98 (0.82)

Depression diagnosis

33.7%

Anxiety diagnosis
PTSD diagnosis

Autonomic reactivity
Mental health history

Impact of MH adversities
Medical health history
Prior COVID medical risks

50.0%

22.2%

X2 = 39.16***

Moderate to severe asthma

25.5%

7.3%

X2 = 34.44***

0.02

Diabetes

28.6%

8.1%

X2 = 45.52***

0.03

9.71 (4.90)

2.99 (3.68)

F = 294.24***

0.15

Impact of medical adversities
* p < 0.05, ** p < 0.01, *** p < 0.001.

The hypothesized moderated mediation model was tested
using the PROCESS macro model number 7. As reported in
Figure 2, COVID-19 diagnosis moderated the effect of both
prior MH and medical adversity on current MH difficulties (i.e.,
mindfulness difficulties, emotional distress, and posttraumatic
stress). Zero is not within the CI in any of the models, indicating
that COVID-19 diagnosis significantly moderates the direct
effects of prior MH and medical adversity on current autonomic
reactivity. These significant moderation results are displayed in
Figure 3 via density plots and heat maps that are useful for
visualizing areas where observations are more common.
Separate analyses indicated that current autonomic reactivity
mediated a large percentage (between 58.9 and 85.2%) of the
relationship between prior MH and medical adversity and
current MH difficulties. However, as presented in all models
in Figure 2, the moderated mediation results indicated that the
conditional indirect effect was stronger in those diagnosed with
COVID-19 and weaker in those without COVID-19 diagnosis.

Aim 3: Determine Whether COVID-19 Diagnosis
Interacts With Prior Adversity to Impact Current
Autonomic Reactivity
Table 2 reports the results of two models that used hierarchical
linear regression analyses to predict autonomic reactivity. For
model 1, the hierarchical regression analyses determined that
all three predictors (MH adversity, COVID-19 diagnosis, and
interaction of MH adversity and COVID-19 diagnosis) entered
in step 1 significantly predicted current autonomic reactivity and
account for 39% of the variance. Although the inclusion of prior
medical adversity in step 2 significantly increased the variance
accounted for to 42%, it did not decrease the impact of the
variables found to be significant in step 1.
Model 2 determined that the individual and combined impact
of medical adversity and COVID-19 diagnosis accounted for 37%
of the variance in autonomic reactivity and that the significant
predictors were COVID-19 diagnosis and the interaction of
medical adversity and COVID-19 diagnosis. Although the
inclusion of prior MH adversity in step 2 significantly increased
the variance accounted to 43%, it did not decrease the impact of
the variables found to be significant step 1.

Aim 5: Investigate Whether Medical Providers Report
Higher Level of Current Autonomic Reactivity and if
Their Increased Autonomic Reactivity Relates to
More MH Difficulties

Aim 4: Determine Whether Increased Current
Autonomic Reactivity Mediates the Relationship
Between Prior Adversity and Current Mental Health
Difficulties

The participants who had been diagnosed with COVID-19
were more likely to be providing medical care to COVID19 patients, X2 (1,n=1,638) = 164.35. Specifically, 34.3% of these
medical providers were infected with COVID-19, whereas only
4.0% of the general population. Because of the higher rates
of COVID-19 infection, the medical providers appeared to
have a higher probability of having higher levels of current
autonomic reactivity. ANOVA analyses indicated both COVID19 diagnosis, F (1,1635) = 339.17, p <0.001, and medical provider
role, F (1,1635) = 10.14, p =0.001, were significant predictors of
current autonomic reactivity (Both Risks M = 69.27, SD = 11.41;
Only COVID-19 Diagnosis M = 65.65, SD = 13.37; Only Medical
Provider M = 49.41, SD = 12.74; No Risks = 46.33, SD = 9.12).

As reported in Table 3, compared to those not infected with
COVID-19, those infected with COVID-19 reported currently
experiencing more emotional distress, greater mindfulness
difficulties, and more posttraumatic stress symptoms, and were
more likely to score above the clinical cutoff for PTSD and
depression. With considerably large effect sizes, the greatest
difference between the COVID-19 diagnosis groups was with
regard to their level of emotional distress and posttraumatic
stress symptomatology.
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There was an incremental increase in levels of current autonomic
reactivity from the individual with both risks to the individuals
with no risk factors. These differences remained when taking
into account the significant age differences between the medical
providers and the general population (medical providers M =
39.13, SD = 12.77 and general population M = 47.34, SD =
16.38), F (1,1586) = 25.03, p < 0.001.
Moderation analyses with age entered as a covariate indicated
that the medical provider role moderated the relationship
between current autonomic reactivity and emotional distress,
F (1,1583) = 5.45, p = 0.020. Similar moderation results were
found for overall posttraumatic stress symptoms, F (1,1582)
= 3.98, p = 0.046, and the components of re-experiencing,
F (1,1582) = 4.19, p =0.041; and avoidance, F (1,1582) = 4.03,
p = 0.045. The medical providers exhibited increased
symptom severity as their levels of current autonomic
reactivity increased. Although medical providers reported
higher levels of hyperarousal and greater mindfulness
difficulties, the effects were not influenced by their current
autonomic reactivity.
In addition, binary logistic regression analyses indicated that
both COVID-19 diagnosis (OR = 3.39, p < 0.001, 95% CI
2.55–4.52) and medical provider role (OR = 1.76, p = 0.009,
95% CI 1.15–2.68) significantly increased risk of scoring above
the clinical cutoff for PTSD. Similarly, both having COVID19 diagnosis (OR = 2.46, p < 0.001, 95% CI 1.90–3.18) and
medical provider role (OR = 1.90, p = 0.002, 95% CI 1.26–2.85)
significantly increased risk of scoring above the clinical cutoff
for depression.

DISCUSSION
The current study investigates whether individuals infected with
COVID-19 are experiencing higher levels of self-reported current
autonomic reactivity and more MH difficulties, and whether
their difficulties relate to their prior impact of MH and medical
adversities. We also explored whether medical providers, who
were caring for COVID-19 patients and had higher rates of
COVID-19 infection, were having more MH difficulties than
the general population. We found that participants infected
with COVID-19 did report higher levels of current autonomic
reactivity and more MH difficulties as well as being more
impacted by prior MH and medical adversity. COVID-19
diagnosis moderated the effect of both prior MH and medical
adversity on current autonomic reactivity and MH difficulties.
Current autonomic reactivity also mediated the relationship
between prior adversities and current MH difficulties. However,
the effect was stronger in those also diagnosed with COVID-19.
It was found that the medical provider role was associated with
increased levels of current autonomic reactivity, especially for
providers diagnosed with COVID-19.
Consistent with polyvagal theory, we conceptualized the
current pandemic as a stressful event that may lead to increased

FIGURE 1 | ROC models.
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TABLE 2 | Results of stepwise linear regression analyses predicting autonomic reactivity from prior adversity and COVID-19 diagnosis.
Predictors

Step 1
Beta

Step 2

t

Beta

p

t

p

Model 1
(Constant)
MH adversity

228.45

0.000

3.21

0.001

0.25

0.16

234.42

0.000

2.16

0.031

COVID-19 diagnosis

0.14

3.20

0.001

0.13

2.98

0.003

Interaction of MH
adversity and
COVID-19 diagnosis

0.30

3.03

0.002

0.24

2.44

0.015

9.34

<0.001

Medical adversity

0.23
F (3,1625) = 350.47,
p < 0.001; R2 = 0.39

F (4,1624) = 298.60,
p < 0.001; R2 = 0.42

Model 2
(Constant)
Medical adversity

223.49

0.000

0.66

0.509

0.05

−0.02

234.86

0.000

−26

0.794

COVID-19 diagnosis

0.10

2.42

0.016

0.10

2.43

0.015

Interaction of medical
adversity and
COVID-19 DIAGNOSIS

0.48

4.70

<0.001

0.34

3.47

<0.001

13.05

<0.001

MH adversity

0.33
F (3,1625) = 312.29,
p < 0.001; R2 = 0.37

F (4,1624) = 301.23,
p < 0.001; R2 = 0.43

Beta coefficients are standardized and analyses were run with Z scores to facilitate comparisons among the variables.

TABLE 3 | Current mental health by COVID diagnosis groups.
F or X2

COVID diagnosis

No diagnosis or
symptoms

M (SD)

M (SD)

40.57 (12.13)

24.66 (10.06)

224.46***

0.12

3.61 (0.91)

2.79 (0.91)

74.47***

0.04

Posttraumatic stress

57.29 (16.93)

33.53 (15.09)

222.91***

0.12

Re-experiencing

3.49 (1.89)

1.09 (1.70)

178.78***

0.10

Avoidance

5.27 (2.22)

1.96 (2.23)

201.89***

0.11

Hyperarousal

3.89 (1.65)

1.62 (1.75)

153.07***

0.09

Total scores
Emotional distress
Mindfulness difficulties

η2

F

X2

Above clinical cutoff
PTSD

75.3%

23.0%

129.31***

0.08

Depression symptoms

67.3%

25.5%

80.28***

0.05

* p < 0.05, ** p < 0.01, *** p < 0.001.

there may be some vulnerability to autonomic dysregulation.
Considering prior research investigating the relation between
the immune system and ANS particularly for MS disease
activity (45), it is possible ANS dysregulation could influence
immune response and accompany a COVID-19 infection in
similar ways.
We also found that the levels of current autonomic reactivity
were higher in those diagnosed with COVID-19 at the time of
data collection than those previously diagnosed with COVID19. Although it is encouraging that the rates appear to have
dropped over time, it is concerning that the individuals

autonomic reactivity that relates to a retuning of the ANS.
Stress leads to defense responses that increase sympathetic
activation and bias neuroception toward the detection of
threat cues, while becoming less sensitive to the detection
of safety cues (2, 3). Consistent with the limited research
investigating autonomic regulation difficulties in individuals
diagnosed with COVID-19 (4, 5), we found that these individuals
had significantly higher levels of self-reported current autonomic
reactivity than individuals in the general populations and other
US samples [e.g., (34)]. Since COVID-19 infection is both
emotionally and medically traumatic, it leads one to speculate
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FIGURE 2 | Moderated mediation models testing relationship among prior adversity, current autonomic reactivity, and current mental health difficulties.

Due to the stress of the risk of infection during the pandemic,
the fear of significant morbidity due to becoming infected,
and social isolation due to quarantining, we hypothesized
that individuals diagnosed with COVID-19 would have more

previously diagnosed had higher levels than those not diagnosed
with COVID-19, which is consistent with prior findings that
changes in the ANS may persist after the infection has
dissipated (6).

Frontiers in Psychiatry | www.frontiersin.org

9

May 2022 | Volume 13 | Article 830926

Dale et al.

Increased Autonomic Reactivity

FIGURE 3 | COVID-19 diagnosis moderates relationship between adversity and autonomic reactivity.
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definitive statements can be made because of the cross-sectional
design, it is possible that the previously observed connection
between prior adversity, current autonomic reactivity, and
current MH difficulties (1) may be exacerbated in individuals
diagnosed with COVID-19. It is not clear if this is because
of the virus or the stress associated with the COVID19 diagnosis.
Consistent with prior statistics (30), we found that 34%
of the medical providers had been diagnosed with COVID19, a rate which was considerably higher than the 4% found
in our general population. We also found that both risk
factors (i.e., COVID diagnosis and medical provider role) were
significant predictors of current autonomic reactivity and that
there was an incremental increase in levels of autonomic
reactivity from the individuals with no risks to the individuals
with both risk factors. Not only was there an interactive
effect, the medical provider role moderated the relationship
between current autonomic reactivity and levels of emotional
distress and posttraumatic stress symptoms, with the medical
providers exhibiting greater symptom severity as their levels of
autonomic reactivity increased. In addition, we found that both
COVID-19 diagnosis and medical provider role increased risk
of scoring above the clinical cutoff for PTSD and depression.
Thus, our findings suggest that the reported MH difficulties (e.g.,
anxiety, depression, and PTSD) in medical workers previously
diagnosed with COVID-19 (31) may be related to increased
autonomic reactivity.

MH difficulties. Consistent with the prior research (7–14) we
found that individuals diagnosed with COVID-19 reported
higher levels of current MH difficulties. Specifically, we found
higher levels of emotional distress on a measure designed to
tap the symptoms of distress identified by the CDC which
includes items related to anxiety and depression. We also found
that COVID-19 survivors were experiencing more mindfulness
difficulties, which is consistent with the clinical impressions of
brain fog (16) and prior research findings suggesting that changes
in brain function may occur due to differences in gray matter
(15). Lastly, we found that these individuals were experiencing
more posttraumatic stress symptoms, including re-experiencing,
avoidance, and hyperarousal. The latter symptoms relate directly
to the reported high level of current autonomic reactivity, and
accompanying difficulty of feeling safe as would be predicted by
polyvagal theory.
Consistent with polyvagal theory, we also investigated
whether individuals who were more impacted by prior MH and
medical adversities may be more vulnerable to and impacted
by the COVID-19 infection. Rather than asking about the
occurrence of an adverse event, we focused on the individual’s
perception of how impacted they were by their prior MH
and medical adversities. This was important as we believed
that those more impacted are likely to have experienced more
frequent/severe events that potentially alter their ANS and lead
to vulnerability to developing disease and experiencing more
significant effects.
As hypothesized, we found that individuals reporting they
were more impacted by their prior MH and medical adversities
reported higher levels of current autonomic reactivity. We also
observed that these variables accounted for 58% of the variance
in current autonomic reactivity in the individuals diagnosed
with COVID-19. As would be expected, their autonomic
reactivity was more affected by their medical adversity than
their MH adversity—although both were important predictors.
In contrast, prior MH adversity was more important than prior
medical adversity in predicting current autonomic reactivity in
individuals not diagnosed with COVID-19. Thus, our results
suggested that both MH and medical adversity may impact
current autonomic reactivity.
We were able to demonstrate that COVID-19 diagnosis
may impact the relationship between prior MH and medical
adversity and current autonomic reactivity through hierarchical
regression and moderated mediation analyses. We also found
that COVID-19 diagnosis may moderate the effect of MH
and medical adversity on the current MH difficulties of
increased emotional distress, mindfulness difficulties, and
posttraumatic stress symptoms. Specifically, we found that
individuals infected with COVID-19 had higher levels of
current autonomic reactivity and were more likely to exhibit
an increase in autonomic reactivity as their adversity impact
scores increased. Additionally, we found that current autonomic
reactivity mediated a large percentage (between 58.9 and
85.2%) of the relationship between prior MH and medical
adversity and current MH difficulties, with the indirect effect
being stronger for individuals diagnosed with COVID-19
than in those without a COVID-19 diagnosis. Although no
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LIMITATIONS AND FUTURE DIRECTIONS
The potential implications of the current study need to be
considered in the context of the study’s limitations. With the
cross-sectional study design, it is not possible to make any
definitive statements regarding causality and to determine how
much of the COVID-19 group differences are related to the
virus or the stress associated with the COVID-19 diagnosis. It
is also unknown whether the participants were including their
COVID-19 diagnosis when answering the question about a lifethreatening illness that is part of the six items that made up the
medical adversity scale.
Additionally, the sample included a higher percentage of
females which research suggests are more likely to report mental
health symptoms (46). Despite the large sample size (N =
1,638), only 98 individuals reported having COVID-19 and there
was no confirmation of diagnosis. Although not a large group,
those diagnosed with COVID-19 did not differ from the general
population in terms of demographic characteristics, which could
have impacted other factor assessed in our study.
Because many of the participants that had COVID-19
were medical providers, we addressed this limitation by
exploring the combined impact of these factors. Future research
should incorporate a confirmation of COVID-19 diagnosis and
consider the timing and severity of illness as there were small
differences in our sample between those who had COVID19 at the time of data collection and those who had been
previously diagnosed.
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Due to a need to quickly understand how individuals are
coping with the pandemic and the data collection limitations
related to the COVID-19 pandemic, current autonomic reactivity
could only be collected via self-report. Although the BPQ-SF
appears to be an appropriate measure of autonomic reactivity
as it has high convergent validity with similar measures and
consistency across samples (34), it is unclear whether the selfreports reflect autonomic state reactivity prior to the pandemic
or is a sensitive index of the individual autonomic reaction
to the pandemic. Future research should explore objective
measurements of autonomic reactivity prior to, during, and
following COVID-19 infection.
It is also important to consider the limitations related to
the ATES, which is a new measure with limited psychometric
information. However, the negatives of this instrument are
outweighed by its positives, as it asks about the perceived
impact of a range of traumatic experiences. Rather than
simply documenting whether traumatic experience occurred,
the ATES indirectly assesses the frequency and severity of
adversity/trauma. Lastly, the measure of emotional distress was
created to tap symptoms of distress as identified by the CDC.
Thus, it asked questions related to shock about the situations
induced by the pandemic and primarily focused on symptoms
of anxiety and depression. Although this measure was found
to be internally consistent, it may have been better to use
established measures of anxiety or depression. However, it is
important to note that the CDC emotional distress measure
directly relates to the overarching large-scale crisis of the
pandemic, which may encourage more nuanced responses than a
standardized measure.

focused interventions have tremendous potential to be helpful
to populations at risk for increased autonomic reactivity by
way of COVID-19 diagnosis, medical provider status, or both.
These body-focused interventions may benefit from addressing
spirituality, which by encouraging transcendence, connection,
wholeness, and compassion (50), fosters resilience (50) and is
associated with reductions in stress (51) and improvements in
physical and mental wellbeing (50, 51). Previous studies have
found spirituality has been associated with more hopefulness
and less fear, worry, and sadness in the midst of the COVID-19
pandemic (50).
Interventions should be implemented in the workplace
to encourage resilience and psychological wellbeing through
the employment-related services and social/emotional support
(52). This is a promising avenue for individuals working
in healthcare because prior research shows that healthcare
providers who do not feel supported by their leadership in
the workplace are more likely to experience exhaustion and
disengagement (29). Thus, integrating interventions into their
workplace environments may alleviate some of the stressors
that contribute to dysregulation, which is essential when
considering the vital role that healthcare providers play during
this time.
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Our results suggest that individuals diagnosed with COVID19, particularly medical providers, may have increased levels
of current autonomic reactivity that is associated with their
prior MH and medical adversities and current MH difficulties.
Our findings are consistent with polyvagal theory and prior
research suggesting autonomic dysregulation (5, 6) and poorer
mental health outcomes in COVID-19 survivors (7–14), and
are unique in indicating that the combination of the COVID19 diagnosis and medical provider role could lead to more
detrimental effects.
Our results suggest an important avenue for clinical treatment
may lie in interventions that focus on both the body and mind
and that COVID-19 survivors and their medical providers should
be provided with somatic-focused interventions and cognitive
strategies that will retune their potentially dysregulated ANS.
Prior research suggests bottom-up approaches to therapy helps
individuals to connect with their bodies and their feelings, thus
teaching them to calm their physiology (47). Improvements in
regulation documented in interventions focused on yoga (48)
and mindfulness body scan mediation (49) suggest that body
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