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Background: Anxiety and post-traumatic stress symptoms have been reported in
association with acute and post-acute sequelae of COVID-19 (PASC).

Purpose: This study aimed to document the cross-sectional prevalence,
characteristics and clinical correlates of anxiety and post-traumatic stress in a
study of neuropsychiatric sequelae of COVID-19.

Method: 75 participants recruited from a post-COVID-19 recovery program
and the community were assessed for sociodemographic, medical, psychiatric,
and neurocognitive symptoms and performance. The generalized anxiety
questionnaire-7 (GAD-7) and post-traumatic stress disorder questionnaire for
DSM5 (PCL5) were utilized to measure anxiety and PTSD symptoms. Established
cutoff scoring forthe GAD-7 and algorithm-based scoring of the PCL5 were utilized
to determine clinically significant anxiety symptoms and PTSD, respectively.

Results: The cohort was 71% female, 36% ethnic minority, with the main age of
43 5years, 80% employment, 40% with the prior psychiatric treatment history and
2/3 seeking post-COVID care for PASC. Clinically significant anxiety symptoms
were found in 31% and PTSD was found in 29% of the cohort. Nervousness and
excessive worry were the most prominent anxiety symptoms, while changes in
mood/cognition and avoidance were most frequent in PTSD. There was a high
degree of comorbidity between clinically significant anxiety symptoms, PTSD,
depression and fatigue. In logistic regression, acute COVID illness severity, prior
psychiatric history, and memory complaints (but not objective neuropsychological
performance) predicted clinically significant anxiety symptoms and/or PTSD.

Conclusion: Clinically significant anxiety and PTSD are found in approximately
1 of 3 individuals after COVID-19 infection. They are highly comorbid with each
other as well as with depression and fatigue. All patients seeking care for PASC
should be screened for these neuropsychiatric complications. Symptoms of worry,
nervousness, subjective changes in mood, and cognition as well as behavioral
avoidance are particularly important targets of clinical intervention.

anxiety, PTSD, COVID-19, post-acute sequelae of SARS-CoV-2 infection, cognitive
complaints
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Introduction

The COVID-19 pandemic has generated a significant amount
of anxiety, for individuals and for society. In the early stages of the
pandemic, fear of contagion, lockdown orders and economic
concerns generated considerable anxiety, regardless of COVID-19
infection per se. Two years into the pandemic, the multi-system
post-acute sequelae of COVID-19 (PASC) have been extensively
reported (1). Among these, neuropsychiatric sequelae, including
mental health symptoms, fatigue, and neuropsychological
complaints (“brain fog”) are highly prevalent. In a meta-analysis of
PASC symptoms reported greater than 3 months after the onset of
COVID-19 infection, approximately 23% (range 14-32%) of
individuals were affected by anxiety, 17% by depression and 31% by
sleep disturbances (2). Importantly, patients with more severe
COVID illness, who had been hospitalized and in intensive care had
a higher prevalence of these neuropsychiatric symptoms compared
to those with less severe illness.

A systematic review of neuropsychiatric symptoms of PASC found
that anxiety symptoms were assessed in multiple studies, primarily in
hospitalized cohorts followed approximately 6 months after discharge,
with assessment conducted via online survey and clinical interview,
employing various validated scales (3). Overall, clinically significant
anxiety was reported in 5-30% of patients, with risk factors including
COVID illness severity and duration, female gender, and prior
psychiatric history. Aside from stressors related to COVID illness and
the pandemic, elevated systemic inflammation during acute COVID
illness has been postulated to cause or contribute to the development
or persistence of neuropsychiatric symptoms in PASC. However, data
are limited and early findings inconsistent. For instance, Mazza et al.
(4), found that the Systemic Illness Index (SII), but not other
measured during acute COVID-19
hospitalization, was associated with depression and anxiety at 1 month

inflammatory markers

follow-up, but only depression at 3 months. These authors also found
that female gender and prior psychiatric history were important
predictors of persistent psychiatric symptoms 1-3 months after acute
illness. They suggested that psychological factors such social isolation,
fear of mortality, contagion and stigma must be considered alongside
any biological marker.

Post-traumatic stress has also been documented in the months
after COVID-19 illness. In the systematic review cited above, PTSD
was reported in 6.5-42.8% of primarily post-hospitalized cohorts (3).
There are many aspects of COVID-19 illness and the consequences of
the pandemic in general that might serve as traumatic events leading
to the development of PTSD. In the context of COVID illness,
intensive care unit treatment, prior psychiatric history, pre-COVID
traumatic events and depressive and anxiety symptoms at time of
acute COVID illness have been found to confer risk for PTSD in some,
but not all studies (3).

While anxiety and PTSD symptoms have been reported in the
months after COVID-19 infection, further information is needed
regarding the prevalence of clinically significant anxiety and PTSD, as
well as their symptom characteristics and predictors after acute
COVID-19 illness. This information will guide screening, clinical
assessment and treatment. In our experience, we have found that
anxiety symptoms are important component of the clinical
presentation of PASC and that various effects of COVID-19 illness and
pandemic-related stress, including occupational problems and social
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isolation, are traumatic, requiring psychotherapeutic and
psychopharmacological treatment (5).

As part of a prospective study of post-acute neuropsychiatric
sequelae of COVID-19, we sought to add to the current knowledge-
base regarding anxiety symptoms and PTSD in PASC, in order to help
guide clinical care. We recruited a cohort of individuals after acute
COVID-19, both from the community as well as from an academic
hospital-based post-COVID recovery program. Participants were
assessed with a detailed neuropsychiatric battery, including validated

measures of generalized anxiety and PTSD. We aimed to investigate:

1. What proportion of the sample met criteria for clinically
significant anxiety symptoms and PTSD, based on
validated criteria?

2. What were the most prevalent individual symptoms of anxiety
and which symptoms better differentiate those meeting criteria
for clinically significant anxiety compared to those not
meeting criteria?

3. Of the 4 PTSD symptom domains (intrusive thoughts,
avoidance, alterations in mood and cognition, and
hyperarousal), which were the most prevalent and which
domains better differentiate those with PTSD compared to
those without PTSD?

4. What was the rate of comorbidity of clinically significant
anxiety, PTSD, depression and clinically significant fatigue in
the cohort?

5. What were significant sociodemographic, medical (COVID-19
severity and other medical comorbidities) and prior psychiatric

predictors of clinically significant anxiety and PTSD?

Methods

This study was conducted at Westchester Medical Center
Health System (WMC Health)/New York Medical College
(NYMC) in Valhalla, New York. The study was approved by both
the Institutional Review Board of NYMC (Protocol #14400) and
the WMCHealth Clinical Research Institute. The results presented
here were obtained from the baseline assessment of 75 participants
who were recruited via flyers, social media, email and word-of-
mouth for a longitudinal study investigating the neurocognitive,
psychiatric and medical sequelae of COVID-19 infection. A subset
of study participants was referred from the WMCHealthPost-
COVID-19 Recovery Program after seeking care for “brain fog”
and other PASC symptoms. Participants were screened via
telephone to determine eligibility for participation by the
investigators (SL, SS) based on the following criteria: (1) Age at
least 20 years old; (2) Participants who reported prior COVID-19
illness symptoms and either documented positive COVID-19
nasopharyngeal test, or, if nasopharyngeal test was unavailable,
documented positive antibody test prior to being vaccinated; (3)
recovered from acute COVID-19 infection as per CDC
recommendations at the time of assessment (i.e., 10-20 days after
symptom onset and 24 h without fever); (4) completed minimum
8th grade education; (5) fluent in English; and (6) capable of
signing informed consent. Persons with a prior diagnosis of a
major neurocognitive disorder, traumatic brain injury with loss of
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consciousness, uncorrected visual/hearing deficits, intellectual
disability, or unstable psychiatric symptoms were excluded.

Participants met with the study assessors (SL, SS), who were
trained to perform and score the assessment battery by co-PI (RD), a
board-certified Neuropsychologist, and were supervised by the study
PI (SF). During this visit, all risks and benefits were explained to
prospective participants, and signed informed consent was obtained.
Participants were compensated $40.00 for their time.

Study measurements and instruments

The primary measures of interest in this study were the
Generalized Anxiety Disorder-7 (GAD-7) questionnaire (6) and the
Post Traumatic Stress Disorder Checklist for DSM-5 (PCL-5) (7). The
GAD-7 is a 7-item scale that rates symptoms of anxiety (nervousness,
excessive worry, inability to stop worrying, fear, restlessness, inability
to relax and irritability) on a 0 (none) to 3 (severe) scale, with a range
of 0-21. A score of >10 has a sensitivity of 89% and specificity of 82%
for diagnosing generalized anxiety disorder in general medical
populations (6), so was used as the cutoff to determine clinically
significant anxiety symptoms for this study. In the initial validation
study, the GAD-7 scale also performed well (area under the curve,
0.80 to 0.91) as screening tool for panic disorder, social anxiety and
PTSD, so an elevated score on the GAD-7 may detect a range of
anxiety disorders. Thus, the GAD-7 as utilized in this study reflected
anxiety symptoms in general, but was not specific to a particular
anxiety disorder per se.

The PCL-5 is a 20-item self-report measure that assesses the
presence and severity of PTD symptoms (7). Items correspond to
the DSM-5 PTSD criteria, and can be categorized into the 4 PTSD
symptom domains (Criterion B- re-experiencing, questions 1-5;
Criterion C - avoidance, questions 6-7; Criterion D- alterations
in mood and cognition, questions 8-14; Criterion E - hyper-
arousal, questions 15-20). The PCL-5 has a maximum score of 80.
There are multiple mechanisms to score this measure in order to
screen for a clinical provisional diagnosis of PTSD. For this study,
we chose a criterion-based scoring algorithm, which closely
reflects clinical practice (8). In this algorithm, a provisional PTSD
diagnosis can be made by treating each item rated as
2 =“Moderately” or higher as a symptom endorsed, then following
the DSM-5 diagnostic rule which requires at least: 1 B item
(questions 1-5), 1 C item (questions 6-7), 2 D items (questions
8-14), 2 E items (questions 15-20).

The Patient Health Questionnaire-9 (PHQ-9), a 9-item self-
administered clinical tool, was used in the provisional diagnosis of
depression and the measurement of depression severity (9). The
PHQ-9 score ranges from 0 to 27. Analogous to our approach for
PTSD, in order to best reflect clinical practice, we employed the
criterion-based approach using the PHQ-9 to make a provisional
diagnosis of MDD. For this study, provisional major depression was
considered likely present if 5 or more (out of the 9) depressive
symptoms are present for “more than half of the days” over the
previous 2 weeks, with 1 of the symptoms being depressed mood or
anhedonia. Thoughts of suicide to any degree are included in the
provisional diagnosis, based on the scoring algorithm. Finally, on the
final item on the PHQ-9 scale that queries functional difficulty,
participants had to endorse that the depressive symptoms had made
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it at least “somewhat difficult” to function, in order to make a
provisional diagnosis.

The Endicott Quality of Life Enjoyment and Satisfaction Questionnaire
(Q-LES-Q) was used to characterize quality of life in this population (10).
The Q-LES-Q queries multiple domains of life enjoyment and satisfaction
(e.g., mood, occupational and social functioning). The scale has a
maximum of 70, with raw scores converted into a total percentage, with
higher percentage scores indicating greater quality of life.

Participants underwent neurocognitive evaluations, and medical,
psychiatric, and sociodemographic measures were obtained.
Sociodemographic measures included age, gender, -ethnicity,
relationship status, years of education and current employment.
Medical measures included a self-reported medical history, and a
detailed history of COVID-19 illness (including symptoms, treatment,
hospitalization, and time since diagnosis). COVID-19 symptom
severity at peak of acute infection as well as at the time of the study
appointment was determined by score on an instrument adapted from
published CDC COVID-19 symptoms, assessing severity (absent,
mild, moderate, severe) on 11 COVID-19 symptoms (11). Participants
were assessed on their daily functioning, using the Lawton-Brody
Instrumental Activities of Daily Living Scale (JADL) which measures
practical aspects of everyday functioning on a scale of 0-8 (12). Study
participants were also evaluated for fatigue using the Chalder Fatigue
Scale, an 11-item questionnaire measuring the severity of mental and
physical fatigue and is scored from 0 to 33. A cutoff score of >21 is
considered clinically significant fatigue (13). Psychiatric assessment
also included prior psychiatric treatment and substance use history.

The neurocognitive battery included in this analysis included the
Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS) Form A, which is a neuropsychological assessment designed
to identify and characterize abnormal cognitive decline, and yields both
a Total Score as well as sub-scores for five cognitive domains (14). Also
included was the Montreal Cognitive Assessment (MoCA)(Used with
permission, MoCA Test, Inc., September 9, 2022), a 30-point
neurocognitive screening test scored from 0 to 30, with a score below 26
possibly indicative of cognitive impairment (15). Participants additionally
completed the Patient Assessment of Own Function (PAOF), which
queries subjective cognitive complaints yielding an average score of 0-5
for multiple domains (16). Memory, language/communication and
cognitive/intellectual functioning were used for the purposes of this
study, as these domains are most frequently endorsed by PASC patients.

Analyses were conducted on the entire sample of 75 participants
and then on the two subgroupings based on clinical scoring criteria:
“Anxiety” vs. “No Anxiety” and “PTSD” vs. “No PTSD.” All data was
analyzed using SPSS software (17), including all descriptive statistics
(frequency, mean, and standard deviation); Chi-square for group
comparisons on categorical variables and independent sample t-tests
were used for group comparisons on continuous variables; Finally,
logistic regression was used to identify predictors of combined
“Anxiety and/or PTSD,” as the conditions were highly comorbid.

Results

The overall sample was predominately female (over two thirds),
predominately white (approximately two thirds), with over three
quarters being currently employed and about two thirds being in a
relationship. The average age of the overall sample was 43.5 years, with
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TABLE 1 Sociodemographic and clinical factors of the total sample of participants (N=75) and subgroups meeting clinical criteria for GAD.

Total sample (N =75)

Anxiety (N =23,

No anxiety (N =52,

30.7%) 69.3%)
Sociodemographic factors (N, %)
Ethnicity, minority 27 (36%) 8 (34.8%) 19 (36.5%) 0.24
Gender, female 53 (70.7%) 20 (87.0%) 33 (62.2%) 0.04
Employment, yes 60 (80%) 18 (78.3%) 42 (80.8%) 0.49
Relationship status, in relationship 49 (65.3%) 11 (47.8%) 38 (73.1%) 0.09
Sociodemographic factors (Mean, SD)
Appointment 1 age 43.5 (15.0) 44.8 (15.2) 429 (14.7) 0.62
Education years 16.0 (2.2) 15.3 (2.0)_ 16.3 (2.4) 0.07
Clinical factors (N, %)
Clinic patient 47 (62.7%) 17 (73.9%) 30 (57.7%) 0.18
Psychiatric history, yes 31 (41.3%) 16 (69.6%) 15 (28.8%) <0.001
Psychiatric medications, yes 24 (32.0%) 11 (47.8%) 13 (25.0%) 0.05
Substance Use Hx. 12 (16.0%) 4(17.4%) 8 (15.4%) 0.83
Medical measures (Mean, SD)
Peak COVID Sx. 16.6 (6.2) 20.8 (5.7) 14.8 (5.5) <0.001
Appointment 1 COVID Sx. 6.4 (4.8) 9.2 (4.7) 5.2(4.3) <0.001
# Medical Comorbidities 1.6 (1.5) 1.7 (1.5) 1.4 (1.5) 0.43
Days from COVID Dx. to Appt. 1 220.6 (136)* 198.7 (126.7) 230.0 (140.1) 0.36
Chalder 21.7 (7.6)* 26.4 (4.3) 19.6 (7.8) <0.001
IADL 7.5 (L1)* 7.3 (L.1) 7.6 (1.1) 0.27
Psychiatric measures (Mean, SD)
GAD-7 7.3 (5.5) 14.3 (3.3) 41(2.8) <0.001
PCL-5 21.6 (15.2) 36.7 (12.7) 15.0 (10.9) <0.001
PHQ-9 10.1 (6.3) 15.2 (3.4) 7.8 (3.1) <0.001
Endicott 57.2% (20.0%) 42.2% (14.3%) 63.8% (18.6%) <0.001
Neurocognitive measures (Mean, SD)
PAOF memory 2.03 (1.16) 2.90 (0.95) 1.64 (1.03) <0.001
PAOF language 1.56 (1.08) 2.37(0.91) 1.19 (0.95) <0.001
PAOF cognition 1.70 (1.29) 2.54(1.23) 1.31 (1.13) <0.001
RBANS, total scaled score** 93.2 (14.6) 89.0 (18.5) 95.1 (2.3) 0.16
MOCA, total** 25.7 (2.7) 25.0 (2.8) 26.0 (2.5) 0.10

*These values were based on N=74 due to missing data.

#*RBANS and MOCA subscale scores were not significantly different between GAD diagnostic groups, data not shown.

Values in bold are statistically significant.

an average educational attainment equivalent to a bachelor’s degree.
The average amount of time since acute COVID-19 infection was
220days, though with significant variance. The sample was entirely
ambulatory, with an average of 1.6 non-COVID comorbidities
(primarily obesity, diabetes and hypertension) and a small minority
(N=9, 12%) had a history of hospitalization due to COVID-19
infection, but none required intensive care unit care (Table 1).

Anxiety in the sample

Using clinical cutoff scoring, 23 (31%) met criteria for clinically
significant anxiety (Table 1). Nearly 2 in 3 of them had a prior
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psychiatric treatment history: all but one of these (15, 65%) reported
a prior diagnosis of anxiety disorder and 13 (57%) reported a history
of depression. To characterize the symptoms of anxiety experienced
by this cohort, the questions on the GAD-7 were examined
individually and compared between the Anxiety and the No Anxiety
groups, listed in order based on greatest effect size (Hedges g)
difference on each item between the groups (Figure 1). The symptoms
showing the greatest difference between the Anxiety and No Anxiety
groups were excessive worry, nervousness and inability to stop
worrying, followed by inability to relax, irritability, fear
and restlessness.

Table 1 depicts comparison of Anxiety and No Anxiety groups
across measurement domains. The Anxiety group was more likely to
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be female, but there were no other significant sociodemographic
differences. In terms of medical measures, the Anxiety Group had on
average a higher COVID symptom severity score both during the
acute infection and at the time of the appointment, in addition to
higher scores on the Chalder Fatigue Scale.

In terms of psychiatric measures, more participants in the Anxiety
Group had a prior psychiatric history, especially in terms of prior
diagnosis of anxiety, and were also more likely to be prescribed
psychotropic medications (Table 1). The Anxiety Group also differed
from the No Anxiety group in all psychiatric measures, including
PHQ-9 score that was nearly twice that of the No Anxiety group, as
well as significantly higher PCL-5, and lower quality of life Q-LES-Q
and IADL scores.

From the standpoint of neurocognitive function, those with
anxiety had significantly higher scores on the PAOF subscales of
memory, language/communication, and cognitive/intellectual
functioning, indicating greater subjective difficulty. However, on
neuropsychological testing, there was no significant difference noted
between the groups in terms of RBANS Total and subscale scores or
MoCA total or subscale scores.

PTSD in the sample

Using clinical criterion-based scoring for PTSD, 22 (29%) met
criteria for PTSD. Similar to anxiety, nearly 3 in 4 participants
meeting PTSD criteria had a prior psychiatric history. However, in
contrast to the Anxiety group, only 2 (9%) reported a prior
diagnosis of PTSD. Twelve (55%) reported a prior diagnosis of
depression. To characterize the PTSD symptom clusters experienced
by this cohort, the questions on the PCL-5 were categorized into the
4 symptom domains of re-experiencing, hyper-arousal, avoidance
and alterations in cognition and mood, and an average score for
each domain was obtained by dividing by the number of questions
in each domain. In Figure 2, the PTSD symptom domains are
compared between the clinical PTSD group and the No PTSD
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group, and are listed in order based on greatest to least effect size
(Hedges g) between the groups. The symptoms showing the greatest
effect size difference between the PTSD and No PTSD groups were
alterations in mood and cognition and avoidance, followed by
re-experiencing and hyper-arousal.

Table 2 depicts comparison of PTSD and No PTSD groups across
measurement domains. There were no significant sociodemographic
differences. In terms of medical measures, the PTSD Group had on
average a higher COVID symptom severity score both during the
acute infection and at the time of the appointment, in addition to
higher scores on the Chalder Fatigue Scale. The PTSD group were also
more likely to be seeking clinical care for PASC, and they reported
more limitations in JADL.

In terms of psychiatric measures, the PTSD group was significantly
more likely to have a prior psychiatric history than the No PTSD
group, and they were nearly twice as likely to be on psychotropic
medications (although technically non-significant with p=0.06). The
PTSD Group also differed from the No PTSD group in all psychiatric
measures, including PHQ-9 score that was on average nearly twice
that of the No PTSD group, GAD-7 score nearly 3 times higher, and
significantly lower quality of life.

From the standpoint of neurocognitive function, those meeting
criteria for PTSD had significantly higher scores on the PAOF
subscales of memory, language/communication, and cognitive/
intellectual functioning, indicating greater subjective difficulty.
However, on objective neuropsychological testing, there was no
significant difference noted between the groups in terms of RBANS
Total and subscale scores or MoCA total or subscale scores.

Comorbidity of anxiety, PTSD, depression,
and clinical fatigue

There was a high degree of comorbidity among the four clinically

significant disorders, anxiety, PTSD, depression and fatigue (Table 3).
Nearly two thirds of those who met criteria for anxiety had a
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TABLE 2 Sociodemographic and clinical factors of the total sample of participants (N=75) and subgroups meeting clinical criteria for PTSD.

Total sample (N =75)

PTSD (N =22,

29%) No PTSD (N =53,

71%)

Sociodemographic factors (N, %)

Ethnicity, minority 27 (36%) 6 (27.3%) 21 (39.6%) 0.31
Gender, female 53 (70.7%) 17 (77.0%) 36 (67.9%) 0.42
Employment, yes 60 (80%) 16 (72.7%) 44 (83.0%) 0.27
Relationship status, In relationship 49 (65.3%) 14 (63.6%) 35 (66.0%) 0.84
Sociodemographic factors (Mean, SD)

Appointment 1 age 43.5 (15.0) 47.2 (15.0) 42.0 (14.8) 0.17
Education years 16.0 (2.2) 15.6 (2.0)_ 16.2 (2.3) 0.26
Clinical factors (N, %)

Clinic patient 47 (62.7%) 18 (81.8%) 29 (54%) 0.03
Psychiatric history 31 (41.3%) 13 (59%) 18 (31.6%) 0.04
Psychiatric medications, yes 24 (32.0%) 10 (45.4%) 14 (26%) 0.11
Substance use Hx. 12 (16.0%) 4(18.2%) 8(15.1%) 0.74
Medical measures (Mean, SD)

Peak COVID Sx. 16.6 (6.2) 21.5 (4.7) 14.6 (5.6) <0.001
Appointment 1 COVID Sx. 6.4 (4.8) 9.6 (5.3) 5.1(3.8) <0.001
# Medical comorbidities 1.6 (1.5) 2.0 (1.5) 1.4 (1.5) 0.06
Days from COVID Dx. to Appt. 1 220.6 (136)* 236.5 (130.1) 209.8 (140.8) 0.22
Chalder 21.7 (7.6)* 26.6 (4.0) 19.7 (7.9) <0.001
IADL 7.5 (1.1)* 6.8 (1.6) 7.8 (0.80) 0.006
Psychiatric measures (Mean, SD)

GAD-7 7.3 (5.5) 12.6 (4.8) 5.3 (4.1) <0.001
PCL-5 21.6 (15.2) 40.4 (8.9) 13.8(9.2) <0.001
PHQ-9 10.1 (6.3) 15.9 (4.6) 7.7 (5.2) <0.001
Endicott 57.2% (20.0%) 41.6% (15.4%) 67.0% (18.1%) <0.001
Neurocognitive measures (Mean, SD)

PAOF memory 2.03 (1.16) 2.90 (1.0) 1.68 (1.02) <0.001
PAOF language 1.56 (1.08) 2.33(0.95) 1.23 (0.96) <0.001
PAOF cognition 1.70 (1.29) 2.66 (1.27) 1.29 (1.07) <0.001
RBANS, total scaled score** 93.2 (14.6) 90.1 (17.2) 94.5 (13.4) 0.23
MOCA, total** 25.7 (2.7) 24.9 (2.3) 26.0 (2.7) 0.06

*These values were based on N=74 due to missing data.

#*RBANS and MOCA subscale scores were not significantly different between groups, data not shown.

Values in bold are statistically significant.

provisional diagnosis of PTSD, while upwards of three fourths met
criteria for depression. For PTSD, the degree of comorbidy was similar
to anxiety. Clinically significant fatigue was almost universal in those
meeting anxiety and PTSD criteria, exceeding 90%.

Clinical predictors of anxiety and/or PTSD
in the sample

Because of the high comorbidity between anxiety and PTSD, the
two groups were collapsed into an “Anxiety and/or PTSD” variable.
Backwards stepwise logistic regression was conducted to determine
clinical predictors based on variables that differed significantly in one
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or more of the Anxiety vs. No anxiety or PTSD vs. No PTSD
comparisons from Tables 1, 2. The overall regression model (Table 4)
was significant (Chi-square=37.85, df=3, p<0.001), correctly
categorizing 80% of cases with - and 87% of cases without - Anxiety
and/or PTSD, respectively. In the model, COVID Symptom Total
Score during the time of acute illness, prior psychiatric history, and
subjective memory complaints on PAOF were independent predictors
of Anxiety and/or PTSD. Variables excluded by the model included
gender, number of medical comorbidities, current COVID-19
symptoms, and status as a clinical patient seeking post-COVID care.
Individual regression models utilizing the same independent variables
to predict anxiety and PTSD separately yielded the same significant
predictors (data not shown).
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FIGURE 2

Comparison participants meeting criteria for PTSD (N=22) vs. those not meeting criteria (N=53) on mean (sd) value of each item on four PCL-5
symptom domains, based on greatest to least effect size (Hedges g)*2. 'All p<0.001. 2Hedges g: alterations in mood and cognition 2.58; avoidance 1.73;
re-experiencing 1.60; hyper-arousal 1.45.

TABLE 3 Comorbidity of participants who met criteria for GAD and/or PTSD.

Anxiety criteria on GAD-7 (N, %) - 16, 72.7%
PTSD criteria on PCL-5 (N, %) 14, 60.9% -

PHQ-9 depression diagnosis (N, %) 17,73.9% 18,77.3%
Clinical fatigue (Chalder) (N, %) 21,91.3% 20, 91.0%

TABLE 4 Multivariate logistic regression with backward elimination predicting anxiety and/or PTSD versus no anxiety and/or PTSD.!

Variable Odds ratio 95% Confidence 95% Confidence

interval (lower interval (upper

bound) bound)

Peak COVID symptom 1.21 7.85 0.19 1.06 1.37 0.005
score
Prior psychiatric 4.40 5.09 1.48 1.22 15.92 0.02
history
PAOF memory 2.23 6.59 0.80 121 413 0.01
Gender Removed by backwards stepwise elimination

Number of medical

comorbidities

Clinical Patient

Current COVID

symptom score

The model for the remaining three predictors (PAOF memory, Peak COVID Symptom Score, and prior psychiatric history) was significant (—2log likelihood =61.25, Chi Square=37.85, df=3,
p<0.001).
'In order to determine predictors of anxiety and/or PTSD, a backward stepwise variable selection logistic regression model was developed. The procedure excluded four of the predictors.

Discussion allowing for comparison of individuals who had clinically significant
anxiety as well as PTSD across sociodemographic, medical, psychiatric

The results of this study indicate that a substantial proportion of  and neurocognitive domains.
individuals have clinically significant anxiety (31%) and PTSD (29%) The rates of anxiety and PTSD found in this study are at the upper
6-8months after acute COVID-19. The primary strength of the study ~ end of prevalence ranges documented in prior systematic reviews of
is that it included in-person, detailed neuropsychiatric assessment,  studies in hospitalized cohorts, despite the fact that this cohort
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consisted largely of individuals with mild to moderate acute
COVID-19 illness (2, 3). This may be accounted for by the fact that
nearly two thirds of this cohort were seeking care for PASC, with
higher degrees of persistent neuropsychiatric symptoms.

There are several important issues raised by these findings that
have clinical relevance. First, the study identified the most prevalent
symptoms of anxiety and PTSD that could serve as a focus of
treatment in individuals with PASC. Among those with anxiety,
excessive worry, inability to stop worrying and nervousness were the
most prevalent and severe symptoms, and these symptoms most
differentiated the Anxiety from the No Anxiety groups. These
cognitive symptoms of anxiety superseded the somatic symptoms.
We did not assess for the sources of worry and nervousness in the
participants, however, it is essential to identify these factors in order
to address them clinically.

As for PTSD, the domains of alteration in mood and cognition as
well as avoidance were more prevalent than re-experiencing and
hyper-arousal. This is a similar pattern to anxiety, where cognitive and
behavioral symptoms better differentiate clinically relevant PTSD
compared to the somatic symptoms. Given the high degree of
comorbidity of anxiety and PTSD with clinical depression in this
cohort, it is not surprising that these cognitive/affective and behavioral
symptoms predominate. Taken together, the results for both anxiety
and PTSD suggest that psychotherapeutic interventions, such as
cognitive behavioral therapy, could specifically focus on identifying
and diminishing the sources of worry, nervousness, negative emotions
and cognitions as well as the tendency toward social avoidance in
this population.

It is also important to recognize that clinically significant anxiety,
PTSD, depression and fatigue frequently co-occur after COVID-19,
ranging from 60 to 94% comorbidity. If any one of these disorders is
identified, the others should be assessed. It appears that clinical fatigue
almost always accompanies anxiety and PTSD, but is not assessed in
the GAD-7 or PCL-5. Similarly, depression is not assessed in these
measures. Based on these findings, the authors recommend that the
GAD-7, PCL-5, PHQ-9, and Chalder Fatigue Scale be utilized to
screen patients presenting to primary care or post-COVID
clinical programs.

In group comparisons, there were multiple important differences
between the anxiety and PTSD groups compared to those without
anxiety and PTSD. Anxiety, but not PTSD, was significantly more
prevalent in women, but no other sociodemographic differences were
identified. Both disorders had higher degrees of acute and current
symptoms of COVID-19 (in addition to fatigue, already discussed). In
addition, those with PTSD were more likely to be seeking clinical care
for PASC compared to their counterparts without PTSD.

There was a highly relevant pattern identified when comparing the
clinical and non-clinical anxiety and PTSD groups on subjective
cognitive complaints and objective neuropsychological performance.
Those with anxiety and PTSD consistently endorsed more subjective
difficulties in memory, language and higher cognitive (executive)
functions, but they did not differ from their counterparts on any
measure of neuropsychological performance. Thus, anxiety and PTSD
are associated with perceived, but not actual, cognitive deficits. This
has important clinical implications. While individuals who meet
criteria for anxiety and PTSD post-COVID-19 may indeed have
cognitive dysfunction, the degree of perceived dysfunction may
be amplified. While cognitive screening with instruments such as the
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MOCA is suggested in patients with PASC, screening instruments
may be unable to detect mildly low neuropsychological function (18).

In terms of independent predictors of anxiety and/or PTSD in this
cohort, severity of COVID illness in the acute stage, prior psychiatric
history and subjective memory complaints were all significant
independent predictors. Acute COVID illness severity, particularly
hospitalization and ICU treatment, have been associated with anxiety
and other neuropsychiatric symptoms post-COVID-19 in hospitalized
patients (2, 3). These findings suggest that acute COVID illness severity
increases the risk for clinical anxiety and PTSD even in individuals with
mild to moderate illness. Prior history of psychiatric treatment is also a
strong predictor of anxiety and/or PTSD post-COVID-19, and likely
constitutes a vulnerability for worsened symptoms. Prior psychiatric
history should always be included in clinical assessment, in order to
stratify risk for these disorders. Finally, subjective cognitive complaints,
particularly memory difficulties, independently predicted anxiety and/
or PTSD in this cohort. Given the lack of objective evidence of
diminished neuropsychological performance in individuals with
anxiety and/or PTSD, it is more likely that the presence of these
disorders is amplifying the perception of cognitive difficulty.

This study has important limitations. The cohort is relatively
small, and statistical power limited, particularly when comparing
those meeting criteria for anxiety and PTSD to those without the
disorder and when constructing a logistic regression to identify
predictors. Nonetheless, this limitation is mitigated by the detailed
and multi-domain assessment battery, including validated assessments
of anxiety, PTSD and other neuropsychiatric variables. Another
important limitation is that individuals were not assessed clinically
prior to COVID-19 to determine pre-COVID levels of anxiety and
PTSD symptoms. Further, they were not assessed with a formal
diagnostic interview to validate the provisional diagnosis made via
cutoff and criterion-based scores on the GAD-7 and PCL-5. Further,
the GAD-7 may effectively screen for multiple anxiety disorders (6),
however, such specificity could not be achieved in this study. The
timeframe for assessment of COVID-related PTSD may have been too
briefin 3 participants (none of whom had clinically significant anxiety
or PTSD), as they were assessed between 20 and 30 days after acute
illness. Another limitation is that specific sources of worry and
traumatic events that might have led to the provisional diagnosis of
anxiety and/or PTSD were not ascertained. While not feasible in the
present study, such characterization is essential in clinical practice. In
addition, causal relationships among the variables could not
be ascertained using the cross-sectional study design. The cohort may
be regarded as biased toward inclusion of individuals seeking post-
COVID care for PASC, and therefore may have elevated prevalence of
anxiety and PTSD after COVID-19 illness. Another source of bias may
have existed in the retrospective rating of acute COVID-19 symptom
severity, where symptoms of anxiety, PTSD or other forms of distress
may have magnified symptom reports. Regardless of these limitations,
the results obtained in the study are consistent with the authors’
clinical experience in assessing and treating neuropsychiatric sequelae
of COVID-19 in an outpatient psychiatric program (5).

In conclusion, anxiety and PTSD are prevalent in the setting of
PASC. These disorders have multiple important clinical correlates,
particularly prior psychiatric history, heightened acute COVID-19
symptoms and perceived cognitive complaints. It is important that
further etiological (biological, psychological, and social) as well as
research, both

treatment psychotherapeutic and
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psychopharmacological, be dedicated to anxiety and PTSD in
PASC. Screening patients at the time of acute illness, including
validated assessments, such as those utilized in the current study, and
careful attention to prior psychiatric history, will assist in identifying
patients at risk for the continuation or development of anxiety and
PTSD after acute COVID-19 illness. Finally, clinical populations of
PASC patients should be screened for these disorders in order to
appropriately target treatment interventions.
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