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Background: Approximately one-third of COVID-19 survivors will experience persistent symptoms, which may include neurological and
psychiatric disturbances. Previous research has suggested that up to 45% of people develop clinically significant depressive symptoms post-
COVID. This study sought to determine frequency, symptom profile, and clinical correlates of depression post-COVID.

Methods: Seventy-five participants who had recovered from COVID-19 underwent neurocognitive, psychiatric, medical, and
cognitive testing/screening. The primary measures of interest in this report included the Patient Health Questionnaire (PHQ-9),
a 9-item depression-screening tool, and the Endicott Quality of Life Enjoyment and Satisfaction Questionnaire.

Results: One-third of study participants screened as positive on the PHQ-9 for clinically significant depression, with the most
commonly reported symptom being fatigue, followed by sleep disturbance and poor concentration. Also reported were decreased
satisfaction in employment, sexual life, and mood. Depressed patients described greater illness severity during COVID-19 infection
and subjective cognitive impairment, which was not found on neurocognitive testing. The only significant predictor of depression was
COVID-19 illness severity.

Limitations: A significant portion of participants was a clinical population with specific post-COVID complaints and was predomi-
nately comprised of white females. Formal psychiatric evaluation was not performed.

Conclusion: Many individuals may experience depression after COVID-19 infection, with symptoms appearing to be predominately
somatic in nature and correspond with COVID-19 illness severity.
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Introduction

As of September 2023, more than 100 million Americans have been infected with the SARS-CoV-2 virus, the virus which
causes COVID-19, and over 1 million have died." One-third of those who survive will experience persistent, and often
debilitating symptoms even months after recovering from acute COVID-19 infection. This phenomenon has been dubbed
“Post-Acute Sequelae of COVID-19” (PASC), or “Long-COVID”. Accumulating data indicate that a significant proportion of
people who have been previously infected with COVID-19 are now suffering from mental health consequences.” These
symptoms appear to be more prevalent in individuals recovering from COVID-19 as compared to those recovering from other
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respiratory diseases, such as influenza.
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While there has been progress made in delineating some of the psychiatric outcomes of PASC, specifically depres-
sion, the existing studies are limited in scope.* Firstly, many rely on online population-based surveys or medical record
reviews, with limited information regarding prior psychiatric history, current treatments, or measures of other psychiatric
domains.’ In addition, most individuals were not screened with validated clinical tools, such as the Patient Health
Questionnaire-9 (PHQ-9), to measure the prevalence and severity of depression. The PHQ-9 provides a snapshot of
symptom profiles in patients with PASC as it relates to DSM-V depression criteria.® Finally, few included an assessment
of quality of life to ascertain the relationship of these depressive symptoms to psychosocial functioning.

The pathophysiological mechanism of depression post-COVID-19 is also speculative. It is likely to be multifactorial,
including prior psychiatric vulnerability, pandemic-related economic and psychosocial distress, and biological, related to
the inflammatory-immune response to SARS-CoV2 and medical comorbidities, among others. It is thought that increases in
pro-inflammatory cytokines, such as TNF-a, IL-1p, and IL-6, as well as other immune mediators activated by COVID-19,
increase the permeability of the blood-brain-barrier, resulting in downstream changes in neurocircuitry, neurotransmission,
and the hypothalamic—pituitary—adrenal (HPA) axis, ultimately leading to vulnerability to depression.*

The current study sought to address limitations in the general body of literature regarding the frequency, onset,
characteristics and risk factors for depression after COVID-19 by analyzing data from a cohort that underwent an in-
person neuropsychological assessment 6—8 months after acute infection. Investigators sought to determine the frequency
of clinically significant depression in individuals with PASC; the symptom profiles of depression in PASC; the socio-
demographic, medical, and neurocognitive factors associated with depression in PASC; the association between clinically
significant depression and specific aspects of quality of life in PASC; and the inflammatory markers that correlate with
depressive symptoms in PASC.

Methods
This study was conducted at Westchester Medical Center Health System (WMC Health)/New York Medical College
(NYMC) in Valhalla, New York. The study complies with the Declaration of Helsinki and 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 75 recruited via flyers, social media, email and word-of-mouth. A subset of study
participants was referred from the WMCHealthPost-COVID-19 Recovery Program. Participants were screened for
eligibility to participate by the investigators (SL, SS) based on inclusion criteria: 1) Age at least 20 years old; 2)
documented positive COVID-19 nasopharyngeal test or positive antibody test prior to vaccination; 3) recovery from
acute COVID-19 infection as per CDC recommendations (10-20 days after symptom onset and 24 hours without
fever); 4) completed a 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 consciousness,
uncorrected visual/hearing deficits, intellectual disability, or unstable psychiatric symptoms were excluded.

Eligible participants met with the study assessors (SL, SS) who were trained to perform and score the assessment
battery. 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 measure of interest in this study was the PHQ-9, a 9-item self-administered clinical screening tool used in the
diagnosis of depression and the measurement of depression severity.® The PHQ-9 score ranges from 0 to 27, with each
question being scored from 0 (not at all) to 3 (nearly every day). PHQ-9 scores are often divided into the following sub-
categories based on severity: 0—4 (none-minimal), 5-9 (mild), 10-14 (mild-moderate), 15-19 (moderate-severe) and 20 and
above (severe).® As a screening tool in medical and psychiatric practice, a cutoff score of >10 on the PHQ-9 is utilized to
trigger further evaluation and treatment, with formal psychiatric evaluation being the gold-standard method of diagnosing
psychiatric illness.” For major depression diagnosis, a criterion-based strategy can be used: Major Depression is 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. This would be a more conservative and diagnostically accurate method to
diagnose depression compared to cutoff scoring and is thus employed in this study in order to screen for clinically significant
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depression. Regardless of duration, if participants respond to the question related to having “thoughts that you would be better
off dead or of hurting yourself in some way”, it is included towards a diagnosis of depression.® Additionally, the final item on
the PHQ-9 scale asks the participant “How difficult have these problems made it for you to do your work, take care of things at
home, or get along with other people?”, which is used to measure functional impairment and assist in formal diagnosis. To
examine the severity of individual symptoms, a score of 2 (more than half the days) or 3 (nearly every day) was scored as
experiencing that symptom.

The Endicott Quality of Life Enjoyment and Satisfaction Questionnaire (Q-LES-Q) was used to characterize quality
of life in this population.® The Q-LES-Q queries multiple domains of life enjoyment and satisfaction (eg, 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.® Prior studies have examined the relationship between
psychiatric illnesses and subjective quality of life and found significant and substantial impairment across multiple
domains in trial participants suffering from affective disorders.” Specifically, subjects with major depressive disorder tend
to score the lowest on the sexual drive, mood, economic status, and household activities scales.’

Sociodemographic measures obtained from the participants 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. Participants were assessed on their daily functioning, using the Lawton-Brody Instrumental Activities
of Daily Living Scale (IADL) which measures practical aspects of everyday functioning on a scale of 0-8.'" Study
participants were also evaluated for fatigue using the Chalder Fatigue Scale (CFS-11), 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.'! Psychiatric information included prior psychiatric treatment, substance use history, and self-reported
questionnaires including the Post Traumatic Stress Disorder Checklist for DSM-5 (PCL-5) which has a maximum score of
80, and for which a score of >33 indicates PTSD; and the Generalized Anxiety Disorder-7 (GAD-7) which is scored from 0
to 21, with a score >10 indicating a possible anxiety disorder.'*"?

The neurocognitive battery used in this study included the Repeatable Battery for the Assessment of Neuropsychological
Status (RBANS) Form A, which is an assessment designed to identify and characterize abnormal cognitive decline, and yields
both a Total Score as well as sub-scores for five cognitive domains.'* Also included was the MoCA, a 30-point screening test
scored from 0 to 30, with a score below 26 possibly indicative of cognitive impairment.'® 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, including memory, language and communication and cognitive/intellectual functioning, and for
which a higher score indicates greater subjective impairment.'®

Serological samples were obtained from a subset of participants and assayed for CRP, IL-6, and TNF-qa, as these
proinflammatory markers have previously been associated with neurocognitive and psychiatric disorders, both in general
and in relation to COVID-19.*!7 Assays were performed by the Mayo Clinic Laboratories, and standardized reference ranges
were used, whereas the following are considered elevated: CRP > 8.0 mg/L, IL-6 > 1.8 pg/mL, and TNF-o > 2.8 pg/mL.

Analyses were conducted on the entire sample of 75 participants and on two subgroups — a “Depressed” and a “Non-
Depressed” Group. The “Depressed” subgroup consisted of participants who were screened as positive using the criterion-based
strategy on the PHQ-9, as described above. All data were analyzed using SPSS software, including all descriptive statistics
(frequency, mean, and standard deviation), chi-square for group comparisons of categorical variables and independent and one-
sample #-tests for group comparisons of continuous variables.'® A logistic regression model was used to identify predictors of
clinically significant depression, and a linear model was used to identify factors predicting higher PHQ-9 scores overall.

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 an average educational attainment equivalent to a bachelor’s degree. The average amount of
time since acute COVID-19 infection was 220 days, though with significant variance. A small minority (12%) had
a history of hospitalization due to COVID-19 infection (Table 1). Over 40% of the total sample had some history of
psychiatric illness, with about one-third of the sample having a prior history of depression.
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Table | Sociodemographic and Clinical Factors Between Groups

Total Sample Depressed Non-Depressed P-value
(N=75) (N=25) (N=50)
Sociodemographic Factors
Ethnicity (N, %) 0.54
Black 6 (8.0%) 3 (12.0%) 3 (6.0%)
Asian/South Asian 6 (8.0%) 3 (12.0%) 3 (6.0%)
White 48 (64.0%) 16 (64.0%) 32 (64.0%)
Hispanic 13 (17.3%) 3 (12.0%) 10 (20.0%)
Other 2 (2.7%) 0 (0.0%) 2 (4.0%)
Gender, Female (N, %) 53 (70.7%) 21 (84.0%) 32 (64.0%) 0.07
Appointment | Age 43.5 (15.0) 45.6 (14.5) 42.5 (15.2) 0.39
Education Years 16.0 (2.2) 15.8 (2.0) 16.1 (2.3) 0.51
Employment, Yes (N, %) 60 (80.0%) 21 (84.0%) 39 (78.0%) 0.54
Relationship Status, In Relationship (N, %) 50 (66.7%) 14 (56.0%) 36 (72.0%) 0.17
Medical Measures
Post-COVID Clinic Patient (N, %) 47 (62.7%) 21 (84.0%) 26 (52.0%) <o0.0l
Days Since COVID-19 lliness* 220.3 (136.0) 221.8 (125.5) 219.6 (142.0) 0.95
Peak COVID Symptom Score 16.6 (6.2) 19.9 (7.0) 15.0 (5.1) <0.001
Appointment | COVID Symptom Score 6.4 (4.8) 8.8 (4.2) 5.2 (4.6) <0.01
Hospitalized from COVID-19? 9 (12.0%) 4 (16.0%) 5 (10.0%) 0.45
Number of Medical Comorbidities 1.6 (1.5) 1.8 (1.5) 1.4 (1.5) 0.39
Length of Acute COVID-19 lliness* 22.6 (26.0) 24.4 (20.2) 21.7 (28.6) 0.71
Chalder Fatigue Score* 21.7 (7.6) 254 (5.3) 19.8 (8.0) <0.001
Chalder Physical Fatigue* 14.0 (5.0) 17.0 (2.9) 12.5 (5.2) <0.001
Chalder Mental Fatigue* 7.8 (3.1) 89 (2.3) 7.3 (3.3) 0.02
IADL* 7.5 (1.1) 7.2 (1) 7.6 (1.1) 0.13
Psychiatric Measures
Psychiatric History, Yes (N, %) 31 (41.3%) 15 (60.0%) 16 (32.0%) 0.02
History of Depression 23 (30.7%) 13 (52.0%) 10 (20.0%) <0.01
History of Anxiety 21 (28.0%) 14 (56.0%) 7 (14.0%) <0.001
History of Bipolar Disorder I (1.3%) 1 (4.0%) 0 (0.0%) 0.16
History of Personality Disorder I (1.3%) 1 (4.0%) 0 (0.0%) 0.16
History of ADHD 5 (6.7%) | (4.0%) 4 (8.0%) 0.51
History of Eating Disorder 2 (2.7%) | (4.0%) I (2.0%) 0.61
History of PTSD 2 (2.7%) | (4.0%) I (2.0%) 0.6l
(Continued)
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Table | (Continued).

Total Sample Depressed Non-Depressed P-value
(N=75) (N=25) (N=50)

Currently Engaged in Outpatient Treatment 13 (17.3%) 7 (28.0%) 6 (12.0%) 0.08

Prior Psychiatric Hospitalization 5 (6.7%) 3 (12.0%) 2 (4.0%) 0.19

Psychiatric Medications, Yes (N, %) 24 (32.0%) 12 (48.0%) 12 (24.0%) 0.04

Substance Use (N, %) 12 (16.0%) 5 (20.0%) 7 (14.0%) 0.50
PHQ-9 Score 10.1 (6.3) 16.7 (3.3) 6.7 (4.5) <0.001
Q-LES-Q Scaled Score 57.2% (20.0%) 43.8% (12.7%) 63.8% (19.7%) <0.001
GAD-7 Score 7.3 (5.5) 12.2 (4.8) 4.8 (4.0) <0.001
PCL-5 Score 21.6 (15.2) 34.9 (12.5) 15.0 (11.7) <0.001
Neurocognitive Measures
PAOF Memory* 2.0 (1.2) 2.8 (1.0) 1.6 (1.0) <0.001
PAOF Language* 1.6 (1.1) 22 (1.1) 1.2 (0.9) <0.001
PAOF Cognition* 1.7 (1.3) 2.5 (1.3) 1.3 (1.0) <0.001
RBANS, Total Scaled Score 93.2 (14.6) 89.8 (16.6) 94.9 (13.4) 0.15
MOCA, Total Score 25.7 (2.7) 249 (24) 26.1 (2.7) 0.07
Inflammatory and Immune Measures
Elevated CRP (N, %)* 7 (14.3%) 3 (20.0%) 4 (11.8%) 0.45
Elevated IL-6 (N, %)* 22 (38.6%) 9 (50.0%) 13 (33.3%) 0.23
Elevated TNF-a (N, %)* 10 (16.9%) 5 (26.3%) 5 (12.5%) 0.19
COVID IgG (N, %)* 55 (94.8%) 17 (89.5%) 38 (97.4%) 0.20
COVID IgM (N, %)* 3 (5.2%) 2 (10.5%) | (2.6%) 0.20

Notes: *Indicates fewer than 75 participants included in analysis due to missing responses. See below N values. Days since COVID-19 llness:
N=74, Length of Acute COVID-19 lliness: N=64, Chalder Fatigue Scale and Subscales: N=74, IADL: N=73, PAOF: N=74, CRP: N=49, IL-6:
N=57, TNF-a: N=59, IgG/IgM: N=58. Bolded text indicates statistical significance.

Using criterion-based PHQ-9 scoring, 25 (33.3%) screened as positive for clinically significant depression. Utilizing
cutoff scoring, 41 (54.7%) would have screened positive for clinically significant depression. Twenty-four percent of the
participants scored as none-minimal depression severity, 21.3% as mild, 30.7% as mild-moderate, 18.7% as moderate-
severe, and 5.3% as severe.

To characterize the symptoms of depression experienced by this population, the questions on the PHQ-9 were
examined individually (Figure 1). The most commonly reported symptom was decreased energy/fatigue, followed by
sleep disturbance, and poor concentration. No participants reported suicidal ideation.

There were no significant sociodemographic differences (Table 1) between the Depressed and Non-Depressed groups.
In terms of medical measures, a greater proportion of the Depressed Group was comprised of patients from the WMC
Health Post-COVID Care Clinic, or the “Clinical Group”. The Depressed 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, both in total score and in physical fatigue and mental fatigue subscores) (Table 1).

More participants in the Depressed Group had a prior psychiatric history, especially in terms of prior diagnosis of
depression (52% vs 20%) or anxiety (56% vs 14%), and were also more likely to be prescribed psychotropic medications
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Symptom Burden

Suicidal ideation  0.0%

Psychomotor agitation/slowing

Poor concentration

Low self-esteem, guilt

Appetite disturbance

Decreased energy/fatigue

Sleep disturbance

Depressed mood

Loss of interest

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0%

Figure | Individual PHQ-9 Symptom Frequencies.

(48% vs 24%) (Table 1). Forty-eight percent of patients who screened positive for depression would be considered “new-
onset”. The Depressed Group had on average a PHQ-9 score that was over twice that of the Non-Depressed Group and
also had higher GAD-7, higher PCL-5, and lower Q-LES-Q scores.

Individual responses to the Q-LES-Q were also examined and compared between the Depressed and Non-Depressed
Group (Figure 2). Depressed participants reported lowest satisfaction in the domains of work, sexual life, and mood.
There were significant differences between the two groups in all domains on this scale, with the exception of living
situation, vision, and economic status.

There was no significant difference noted between the groups in terms of neurocognitive testing measures (RBANS
Total Score and MoCA Total Score). However, significant differences were found among the subdomains of the PAOF,
including memory, language and communication, and cognitive/intellectual functioning (Table 1).

A logistic regression model using backwards elimination was developed to identify predictors of screening positive
for depression (based on criterion scoring) (Table 2). Variables that were statistically significant, or approaching
significance, were entered into the model. Four of the five variables were not found to be significant and were removed
by backwards elimination. The model for the remaining predictor was significant (—2Log Likelihood=77.25, y*=18.23,
df=3, p<0.001). The only positive predictor identified in the model was the COVID Symptom Total Score during the time
of peak COVID-19 illness (OR=1.11, p=0.04) (Table 2).

To quantify the effect of variables of interest on depressive symptomatology, a linear regression model was developed
to identify predictors of total PHQ-9 score (Table 3). Two of the five variables were found not to be significant and were
removed from the model by backwards elimination. The model for the remaining predictors was significant (R?=0.72,
F (4, 70)=19.21, p<0.001) (Table 3). The positive predictors identified included Appointment 1 COVID Symptom Total
Score ($=0.47, p<0.01), Peak COVID Symptom Total Score (=0.23, p=0.02), and Prior Psychiatric History (f=2.91,
p=0.01).
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Figure 2 Quality of Life Measures in Depressed and Non-Depressed Participants.
Notes: Asterisk indicates statistical significance. All domains were statistically significant with the exception of living/housing situation, vision, and economic status.

No significant differences were found between the groups in terms of elevated inflammatory markers or COVID-19
immunoglobulins (Table 1). Pearson correlations were performed including PHQ-9 score and titers of CRP, IL-6, and
TNF-0, however none were statistically significant (p-values of 0.07, 0.49, and 0.20 respectively).

Discussion

This study aimed to describe the frequency, symptom profile, and severity of depression in patients suffering from PASC.
Using a conservative criterion-based scoring of the PHQ, we found that one-third of our sample screened as positive for
clinically significant depression, with about one-half of these being new-onset depression. Based on a less conservative

Table 2 Logistic Regression Model Predicting Depression

Beta | Wald Odds Lower Bound Upper Bound P-value
Statistic | Ratio Cl (95%) Cl (95%)
Peak COVID Symptom Total Score | 0.11 4.35 .11 1.01 1.23 0.04
Prior Psychiatric History 1.08 | 3.70 2.95 0.98 8.89 0.054
Clinical Patient .18 | 3.0l 3.24 0.86 12.24 0.08

Notes: Other variables entered into the model included Appointment | COVID Symptom Total Score and Gender, which were not found to be
significant and were removed by backwards stepwise elimination. Bolded text indicates statistical significance.
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Table 3 Linear Regression Model Predicting PHQ-9 Score

Beta | t-value | Lower Bound | Upper Bound | P-value
Cl (95%) Cl (95%)
Clinical Patient 2.55 1.85 —0.21 5.31 0.07
Prior Psychiatric History 291 2.74 0.79 5.04 0.01
Peak COVID Symptom Total Score 0.23 2.37 0.04 0.43 0.02
Appointment | COVID Symptom Total Score | 0.47 | 3.07 0.17 0.78 <0.01

Notes: Other variables entered into the model included Gender, which was found not to be significant, and was removed by backwards
stepwise elimination. Bolded text indicates statistical significance.

measure, employed in many studies, greater than half of the sample would be considered to have clinically significant
depressive symptoms. Utilizing either strategy, our prevalence rates are in the range of two recent meta-analyses, one of which
found a rate ranging from 11% to 28% 12 weeks after COVID-19 infection, consistent with our findings using criterion scoring
and another reporting a range of 47-52% based specifically on self-report measures (such as the PHQ-9), consistent with our
findings using a cutoff of >10.*"

The Depressed Group had significantly higher scores on the PHQ-9, on average over double that of the Non-Depressed
Group. This finding carried over into the GAD-7 and PCL-5, suggesting a likely global increase in psychiatric impairment
across various symptom domains, which is consistent with previous reports.®° This relationship between depression and
anxiety symptoms post-COVID was also found in prior reports from this study sample, which suggested that patients
experiencing clinically significant anxiety symptoms had significantly higher PHQ-9 scores and lower Q-LES-Q scores
than those who were not.?' This is unsurprising given the high rate of co-occurrence of depression and anxiety.

In terms of depression severity, most participants had PHQ-9 scores in the mild-moderate range (a score of 10—14)
and only 3 had scores indicating severe depression, which is consistent with prior research.* Results indicated that
depression in this population was primarily a somatic experience, with participants reporting higher rates of decreased
energy (64.0%) and sleep disturbance (61.3%), and much lower rates of cognitive or affective symptoms (such as
anhedonia or guilt). This is congruent with the findings of a recent meta-analysis, which found a correlation between self-
rated depression and fatigue.* This also corresponded with fatigue measures, as both physical and mental fatigue were
more prevalent among the Depressed Group as measured by the CFS-11.

Our findings support the use of criterion-based scoring of the PHQ-9 versus utilizing the cutoff score of >10, as the
latter may be overly inclusive of patients with predominantly somatic symptoms. Fatigue and poor sleep have been
reported in many post-COVID studies, with one meta-analysis finding that approximately one out of every three people
experienced fatigue 12 or more weeks after COVID-19 infection.”? The symptomatology of depression experienced by
this participant population may be like that of other medically ill populations, particularly those where neuropathological
processes exist that may produce depressive and other neuropsychiatric symptoms. For instance, the distribution of
depressive symptoms in this cohort closely resembles that found in patients with Multiple Sclerosis who were also
screened for depression with the PHQ-9. PASC, like Multiple Sclerosis, has been associated with a number of
neurological manifestations, including neurocognitive impairment, fatigue, sleep disturbances, subjective cognitive
complaints, and depressed mood.

No statistically significant sociodemographic differences were found between the Depressed Group and Non-
Depressed Group. This finding differs from prior studies, which have suggested that post-COVID-19 depression is
more common in women than in men, in people with less social support, and either low or high levels of education.* As
our sample overall was predominately women with a relatively small range in years of education, it may be that these
differences were not able to be detected.

We found that the Depressed Group had a greater proportion of participants that were referred from the WMCHealth
Post-COVID Care Clinic, almost double, which indicates that this group was largely comprised of individuals actively

seeking care for post-COVID complaints. This is consistent with previous findings from this research group, which found
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that patients seeking post-COVID care were more likely to have poorer performance on neurocognitive testing, as well as
higher rates of psychiatric distress and more functional difficulties.”* However, when included in the regression models
(Table 2 and Table 3), this was not found to be a significant predictor of screening positive on the PHQ-9, nor having
a higher PHQ-9 score, so it may be that this relationship is better explained by other variables.

When looking at neurocognitive test performance, we did not find any significant difference between the Depressed
and Non-Depressed groups. This is in contrast to prior literature, which suggests that cognitive impairment can be
a contributor to increased depression and a diminished quality of life.?

Despite this lack of differences between groups in measured cognitive impairment, there were significant differences
in terms of subjective cognitive complaints. The Depressed Group reported significantly more cognitive complaints
among the domains of memory, language and communication, and cognitive/intellectual functioning. This may suggest
that other post-COVID symptoms, such as depressive symptoms and/or fatigue, may cause patients to feel more impaired
than shown on objective neuropsychological testing. This is congruent with a recent machine-learning analysis, which
found that cognitive complaints post-COVID were entirely due to depressive symptom severity and older age.*

When comparing the results of the Q-LES-Q between groups, we found that individuals who screened positive on the
PHQ-9 also scored lower in terms of satisfaction and enjoyment on each individual quality of life domain when
compared to those who were not depressed, with the exception of living situation, vision, and economic status. The
most predominantly affected areas were sexual drive/interest, mood, and work. Impairments in sexual drive, mood, and
household activities were expected based on prior studies using the Q-LES-Q in depressed patients in general, as well as
other studies post-COVID-19, however we did not find impairment in economic status, which has previously been
repor‘ced.“’9 Our findings on the Q-LES-Q support our findings with the individual PHQ-9 domains, such as fatigue and
sleep disturbance, which further indicates disturbances in physical functioning in this cohort.

The severity of COVID-19 infection in this sample appeared to play a major role in later depressive symptoms. Descriptive
statistics showed higher average COVID severity scores during the acute infection and at the time of assessment, indicating
that more severe illness may be associated with greater long-term depressive symptoms. This was further supported in the
regression analyses, with logistic regression finding that only the acute illness severity score predicted later depression, and the
linear regression finding that both peak and current symptoms predicted higher PHQ-9 scores. The only other predictor
identified was prior psychiatric history. This may indicate that patients with history of psychiatric illness, combined with more
severe COVID-19 illness, may be more susceptible to depressive symptoms after COVID-19. Findings similar to these were
reported in a multi-cohort observational study of 250,000 individuals across six countries, where researchers found that
COVID illness severity was positively correlated with psychiatric comorbidities up to 16 months after the acute infection, with
support from recent meta-analyses.**° Research related to this is not homogenous, however, with other studies finding that the
severity of acute COVID-19 is not associated with the frequency of depressive symptoms.'®

No significant differences were found in this sample in terms of inflammatory markers. This was not entirely
surprising, as a recent meta-analysis of 16 studies found that while in some samples post-COVID depressive symptoms
were associated with such markers, this was not the case in all studies.* The current results are likely related to small
sample size and the conservative approach to utilizing reference ranges. Not all participants in this study consented to
serological testing, as venipuncture was an optional component of the study. Additionally, the sample size of participants
that screened as positive for clinically severe depression was even smaller, which may have prevented the discovery of
significant correlation with inflammatory markers.

Some study limitations must be considered. The sample size was relatively small and may be somewhat biased in
that a significant proportion of participants were a clinical population with specific post-COVID complaints, and
therefore not strictly representative of the general post-COVID population. However, the inclusion of such a group of
patients seeking care for PASC allowed us to compare rates of depression in such a clinical group as compared to those
not seeking care and to assess for clinical correlates. This sample was also comprised of predominately white females,
which may limit generalizability. This sample cannot be used to estimate the total prevalence of depression in patients
with PASC. Additionally, a formal psychiatric evaluation was not performed, which remains the gold standard for
diagnosis of depressive disorders. The PHQ-9, while routinely used, is designed as a screening tool, and may detect
symptoms from other psychiatric and medical illnesses. The results reported above are cross-sectional and therefore
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cannot indicate definitively whether or not COVID-19 infection caused psychiatric symptoms. However, strengths
include the use of a variety of psychiatric self-report measures in addition to neurocognitive testing and medical/
COVID-19 history.

Conclusions

Overall, the results from this study indicate that a significant proportion of individuals experiencing PASC may suffer
from symptoms of depression, with many likely meeting DSM-V criteria for a depressive disorder. Symptoms appear to
be prominently somatic in nature and correspond with perceived COVID-19 illness severity, prior psychiatric history,
post-COVID care-seeking and significant impairment in quality of life. The PHQ-9 and Q-LES-Q scale are easy to use,
freely available assessments that may assist in identifying individuals suffering from PASC-related depression and
referring them to psychiatric care. Understanding the type of depression experienced by people suffering from PASC is
crucial in order to determine treatment, which should target the most appropriate symptom profile. Longer-term studies
are indicated to evaluate psychiatric symptoms longitudinally.
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