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Abstract

Background: We sought to identify potentially modifiable in-hospital factors associ-
ated with global cognition, post-traumatic stress disorder (PTSD) symptoms, and
depression symptoms at 12 months.

Methods: This was a multi-center prospective cohort study in adult hospitalized
patients with acute COVID-19. The following in-hospital factors were assessed: delir-
ium; frequency of in-person and virtual visits by friends and family; and hydroxy-
chloroquine, corticosteroid, and remdesivir administration. Twelve-month global
cognition was characterized by the MOCA-BIlind. Twelve-month PTSD and depres-
sion were characterized using the PTSD Checklist for the DSM-V and Hospital
Anxiety Depression Scale, respectively.

Findings: Two hundred three patients completed the 12-month follow-up assess-
ments. Remdesivir use was associated with significantly higher cognition at
12 months based on the MOCA-BIlind (adjusted odds ratio [aOR] = 1.98, 95% ClI:
1.06, 3.70). Delirium was associated with worsening 12-month PTSD (aOR = 3.44,
95% Cl: 1.89, 6.28) and depression (aOR = 2.18, 95% Cl: 1.23, 3.84) symptoms. Mul-
tiple virtual visits per day during hospitalization was associated with lower 12-month
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depression symptoms compared to those with less than daily virtual visits

Conclusion: Potentially modifiable factors associated with better long-term out-
comes included remdesivir use (associated with better cognitive function), avoidance
of delirium (associated with less PTSD and depression symptoms), and increased vir-

tual interactions with friends and family (associated with less depression symptoms).

depression, long-COVID, long-term cognitive impairment, modifiable risk factors, post-traumatic

solely the responsibility of the authors and
does not necessarily represent the official
views of the National Institutes of Health or (aOR = 0.40, 95% Cl: 0.19, 0.85)
Sandoz. ’ ’
KEYWORDS
stress disorder
1 | INTRODUCTION

As of July 2022, over 550 million people have been diagnosed with
COVID-19 worldwide.® A substantial proportion of people with acute
COVID-19 will develop post-acute sequelae of SARS-CoV2 (PASC) or
Long-COVID,? which is characterized by symptoms that persist for
months after the initial infection.>® A meta-analysis of 43 studies
reported that 22% of patients with COVID-19 across the entire sever-
ity of illness spectrum demonstrated impaired global cognition at least
12 weeks after the acute illness.” Another meta-analysis reported that
19% developed post-traumatic stress disorder (PTSD) and 21% devel-
oped depression.©

To our knowledge, few studies have evaluated modifiable risk fac-
tors during hospitalization, such as delirium, medications, and the
effect of in-person and virtual visitation with friends and family on the
severity of Long-COVID symptoms. Identifying in-hospital modifiable
risk factors could assist with the development of strategies to prevent
or lessen the contribution of neuropsychological dysfunction to Long-
COVID. To address this gap in knowledge, this study sought to iden-
tify potentially modifiable risk factors for global cognition, PTSD
symptoms, and depression symptoms 12 months after acute COVID-
19 among adults hospitalized from 34 geographically diverse sites in
the United States.

2 | METHODS

2.1 | Study design and settings

This was an ancillary study to the Outcomes Related to COVID-19
treated with Hydroxychloroquine among Inpatients with symptomatic
Disease (ORCHID) trial.'* ORCHID was a blinded, placebo-controlled
randomized clinical trial that evaluated the efficacy of hydroxychloro-
quine for adults hospitalized with COVID-19.* A total of 34 US hos-
pitals in the NHLBI Prevention and Early Treatment of Acute Lung
Injury (PETAL) Clinical Trial Network enrolled patients in ORCHID
between April 2, 2020, and June 19, 2020. Enroliment was stopped
on June 19, 2020, for futility based on recommendations from the
Data and Safety Monitoring Board (DSMB), and the primary results
demonstrated no difference between hydroxychloroquine and

placebo on clinical status and mortality at 14 and 28 days. This ancil-
lary study was called ORCHID-Brain Outcomes and Psychological
Distress (ORCHID-BUD) and added 12-month cognitive and psycho-
logical assessments to the ORCHID parent trial.

A central institutional review board at Vanderbilt University
Medical Center approved ORCHID and ORCHID-BUD. Patients or
their legally authorized representatives provided informed consent; to
mitigate the spread of SARS-CoV2 and to conserve personal protec-
tive equipment, informed consent was primarily obtained using an
electronic consent procedure, including electronic consent forms

(eConsent) and video conferencing for informed consent discussions.

2.2 | Patient population

The ORCHID trial enrolled adults (>18 years old) within 48 h of hospi-
talization with laboratory-confirmed SARS-CoV-2 infection and symp-
toms of respiratory illness for <10 days. Patients with the full
spectrum of in-hospital COVID-19 severity were enrolled, including
those receiving no supplemental oxygen, standard flow oxygen, high
flow oxygen, noninvasive ventilation, and invasive mechanical ventila-
tion. Patients from the ORCHID trial who survived to the 28-day
follow-up and agreed to the follow-up procedures were included.
Patients were excluded from ORCHID-BUD if they did not speak
English or Spanish, were unable to follow simple commands prior to
the hospitalization, were non-verbal, were deaf, were cognitively inca-

pable, or had no contact information available.

2.3 | Method of measurement

Approximately 1 month after enrollment into the ORCHID trial,
research staff conducted phone interviews with patients and/or their
family members to obtain baseline data and information about the
hospitalization. A past history of dementia, cholinesterase inhibitor
medication use (indicating a likely history of dementia), PTSD, and
depression prior to the COVID-19 iliness were collected. Pre-illness
(1 month before the COVID-19 illness) cognition was also character-
ized using the short form Informant Questionnaire on Cognitive
Decline in the Elderly score (IQCODE), which is a 16-item
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questionnaire that ranges from 1 (much improved cognition) to
5 (much worse cognition).12 Patients were considered to have pre-
iliness dementia if the patient had a past history of dementia or cho-
linesterase use, or an IQCODE score > 3.3.18

To characterize social isolation during hospitalization for acute
COVID-19, patients and their families were asked to recall how fre-
quently in-person visitation by friends or family occurred during hos-
pitalization: once or less than once per week, two to three times per
week, four to five times per week, daily, or multiple times per day.
Similarly, they were asked to recall how frequently the patient virtu-
ally communicated (phone, text messaging, or videoconferencing)
using the same scale. They were also asked about the presence of
confusion or hallucinations during hospitalization as a marker
of delirium.*

Estimated intelligence was characterized using the Barona
Index.'® Severity of illness at enrollment was characterized using the
Sequential Organ Failure Assessment.’® ICU length of stay, duration
of invasive mechanical ventilation, and duration of vasopressor use
were collected. Randomization to hydroxychloroquine in the parent
ORCHID trial and administration of remdesivir and corticosteroids

during hospitalization were also collected.

24 | Outcomes

Experienced neuropsychological raters who were fluent in English and
Spanish contacted patients by phone at 12 months. Global cognition
at 12 months was characterized using two approaches: a neuropsy-
chological battery and the MOCA-BIind instrument. The neuropsycho-
logical battery consisted of the Wechsler Adult Intelligence Scale-IV
(WAIS-IV) digit span (attention), Hayling Sentence Completion Task
(executive function), Controlled Oral Word Association (verbal flu-
ency), Craft Story - Immediate and Delayed (episodic memory), and
WAIS-IV similarities (abstraction). Cognitive domain scores were nor-
malized for age, sex, education, and/or race. To normalize each cogni-
tive domain score, Z-scores were calculated as follows:

Cognitive domain test score - Population mean

Cognitive domain Z-score = n —
gnitlv ! Population standard deviation

A Z-score of 1.0 reflects a difference of one standard deviation
(SD) from the population mean. Cognitive impairment based on the
neuropsychological battery was defined as having two test scores
with a Z-score < —1.5 or one test score with a Z-score < —2.0 (two
test scores < 1.5 SD or one test score < 2.0 SD below the population
mean).Y” Global cognition was quantified by creating a Cognitive
Composite Score, which was the mean of the cognitive domain
Z-score.®®1? If cognitive domain Z-scores were missing, then the Cog-
nitive Composite Score was calculated using the non-missing scores.
Global cognition at 12 months was also evaluated with the MOCA-
Blind, which is a brief assessment of global cognition that ranges from
0 to 22; a score less than 18 is commonly used to indicate the pres-

ence of cognitive impairment.?°

PTSD symptoms were characterized using the PTSD Checklist
for the DSM-5 (PCL-5), a 20-question questionnaire that asks about
symptoms related to PTSD.2! The score ranges from O to 80, and a
score 231 is generally considered indicative of PTSD. Depression
symptoms were assessed using the Hospital Anxiety and Depres-
sion Scale (HADS), with a score =8 on the depression subscale
indicating depression.?? For Spanish speakers, we used the Spanish
versions of the neuropsychological tests, MOCA-Blind, PCL-5,
and HADS.

2.5 | Data analysis

The parent ORCHID trial included 479 patients and demonstrated no
significant effect of hydroxychloroquine on measured clinical out-
comes.!? Hence, for this ancillary long-term outcome analysis
(ORCHID BUD), the hydroxychloroquine and placebo arms of the
ORCHID trial were pooled for analysis. Measures of central tendency
and dispersion were reported as medians and interquartile ranges
(IQR). Frequency and proportions were reported for categorical vari-
ables. The proportion of patients with long-term cognitive impairment,
PTSD, and depression was reported for the entire cohort and in a sub-
set of patients without those pre-existing conditions.

To evaluate associations between potentially modifiable factors
during the acute COVID-19 hospitalization (delirium, in-person and
virtual visits by family or friends, and medications) and 12-month
global cognition (Cognitive Composite Score and MOCA-BIlind), PTSD
symptoms (PCL-5), and depression symptoms (HADS-Depression
subscale), four separate proportional odds models were constructed.
The Cognitive Composite Score (based on the neuropsychological
testing) and MOCA-Blind models were adjusted for the following
non-modifiable risk factors: baseline cognition (pre-illness IQCODE),
age at enrollment, non-Hispanic black race, Hispanic ethnicity, sex,
ICU length of stay, estimated intelligence (Barona), and severity of ill-
ness at enrollment (SOFA). Duration of mechanical ventilation and
vasopressor use were not incorporated in the models because they
were highly correlated with ICU length of stay. The models for PCL-5
score (PTSD) and the HADS-Depression subscale score (depression)
also included the aforementioned covariates, but past history of PTSD
or depression was incorporated into their respective models instead
of the pre-illness IQCODE. Multiple imputation was used for missing
covariates but not for missing outcomes. Delirium, as reported by the
patient or their family, was analyzed as a binary variable (present at
any time during acute hospitalization versus not present). Receipt of
remdesivir, corticosteroids, and hydroxychloroquine were categorized
as binary variables (any dose of medication received yes versus no).
Due to their distributions, in-person visits were categorized as yes
versus no, and virtual visits were categorized as greater than once
daily, daily, and less than daily virtual visits (reference). Proportional
odds assumptions were checked graphically. Adjusted odds ratios
(aOR) and their 95% confidence intervals (95% Cl) were reported. All
statistical analyses were conducted with R statistical software, version

4.05 (http://www.r-project.org/).
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TABLE 1 Patient characteristics.

Completed 12-month

Variable follow-up, n = 203
Median (IQR) age, years 55(43.5, 63.0)
Female Sex 94 (46.3%)
Race/Ethnicity Combined
Hispanic/Latinx 84 (41.4%)
Non-Hispanic White 63 (31.0%)
Non-Hispanic Black 47 (23.2%)
Non-Hispanic Asian 3(1.5%)
Non-Hispanic American Indian or Alaskan 3 (1.5%)
Native
Non-Hispanic Native Hawaiian or Other 1(0.5%)
Pacific Islander
Non-Hispanic Multiple Race 2 (1.0%)
Median (IQR) education, years 12 (10, 14)
Median (IQR) Barona index (full scale 1Q) 98.5 (89.6, 107.6)
Homeless or living only in temporary 1(0.5%)

residences before hospitalization
Median (IQR) BMI, kg/m?

Past medical history

32.0(27.9,37.2)

Hypertension 99 (48.8%)
Diabetes mellitus 63 (31.0%)
Coronary artery disease 9 (4.4%)
Chronic obstructive pulmonary disease 13 (6.4%)
Chronic kidney disease 16 (7.9%)
Median (IQR) pre-iliness IQCODE 3.00 (3.00, 3.06)
Past psychiatric history 36 (17.8%)
Dementia® 21 (10.3%)
Post-traumatic stress disorder 12 (5.9%)
Depression 36 (17.8%)
SOFA score at enrollment 2(1,3)
Ever in the ICU 63 (31.0%)

Median (IQR) ICU length of stay for all
patients, days®

Median (IQR) ICU length of stay among
those in the ICU, daysb

Ever mechanically ventilated

Median (IQR) duration of mechanical
ventilation among those who were
mechanically ventilated, days®

Ever vasopressor use

Median (IQR) duration of vasopressor use
among those who received
vasopressors, days®

0.00 (0.00, 3.50)
10.00 (6.00, 19.50)
34 (16.7%)

12.00 (8.25, 22.00)

27 (13.3%)
7.00 (4.50, 18.50)

Abbreviations: IQR, interquartile range; 1Q, intelligence quotient as
estimated by the Barona Index; IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly; SOFA, Sequential Organ Failure
Assessment.

?Pre-existing dementia was determined by the past history of dementia,
home cholinesterase inhibitor use, or an IQCODE > 3.3.

BLength of stays and durations calculated from randomization to 28 days.

TABLE 2 Cognition, post-traumatic stress disorder (PTSD), and
depression at 12 months.

Total Median (IQR)
Outcomes at 12 months n orn (%)

Cognitive outcomes

Cognitive Composite Score, 201 —1.06 (—1.75, —0.54)
median (IQR)
Cognitive impairment, n (%) 201 137 (68.2%)
New-onset cognitive 181 126 (69.6%)
impairment, n (%)
MOCA-BIind score, median 202 16 (13, 18)
(IQR)
MOCA-Blind < 18 202 134 (66.3%)

(education adjusted), n (%)
Individual cognitive domain Z-scores

Executive function - Hayling 198 —1.31(-2.56, —0.69)

Sentence Completion,

median (IQR)

Immediate memory - Craft 198 —1.33(-2.18, —0.49)
Story, median (IQR)

Attention - WAIS-IV Digit 197 0.67 (—1.33,0.33)
Span, median (IQR)

Verbal fluency - COWA, 195 —0.90 (-1.60, —0.10)
median (IQR)

Abstraction - WAIS-IV 194 —0.67 (—1.67,0.00)

Similarities, median (IQR)

Delayed memory - Craft 191 —1.51 (—2.36, —0.64)

Story, median (IQR)

Psychological outcomes

PCL-5 score, median (IQR) 194 10.0 (4.0, 22.8)
PTSD, n (%) 194 32 (16.5%)
New-onset PTSD, n (%) 182 28 (15.4%)

HADS-Depression score, 194 5(1.3,9.0)

median (IQR)
Depression, n (%) 194 65 (33.5%)
New-onset depression, n (%) 159 44 (27.7%)

Note: Global cognition was characterized by the Cognitive Composite
Score, which took the average of all the cognitive domain Z-scores and
the MOCA-BIind. Lower scores represent lower cognitive performance.
Post-traumatic stress disorder (PTSD) symptoms were assessed for using
the PTSD Checklist for the DSM-V (PCL-5), and depression symptoms
were assessed for using the Hospital Anxiety Depression Scale (HADS)-
Depression Subscale, respectively. Higher scores represented more severe
symptoms. New-onset cognitive impairment, PTSD, and depression were
conducted in a subset of patients without pre-iliness dementia, or a past
history of PTSD or depression, respectively.

Abbreviations: COWA, Controlled Oral Word Association Test; HADS,
Hospital Anxiety and Depression Questionnaire; IQR, interquartile range;
WAIS-IV, Wechsler Adult Intelligence Scale-1V.

3 | RESULTS

Of the 479 patients enrolled in the ORCHID parent study, 392 sur-
vived at 12 months and were available for long-term assessments. An
additional 20 patients did not have valid contact information, 91 were
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lost to follow-up, 43 refused to participate, 21 did not speak English
or Spanish, 9 were excluded due to being incapable of participating in
the neurocognitive assessments and surveys, and 5 were excluded for
other reasons (Figure S1). A total of 203 patients contributed to this
analysis (Table 1). The median (IQR) age was 55 (43.5, 63) years,
94 (46.3%) were female, 84 (41.4%) were Hispanic/Latinx, 47 (23.2%)
were non-Hispanic Black race, 21 (10.3%) met criteria for pre-existing
dementia, 12 (5.9%) had a past history of PTSD, and 36 (17.8%) had a
past history of depression. Patient characteristics for those who com-
pleted the 12-month follow-up compared with those who had no con-
tact information were lost to follow-up, refused to participate, were
non-English and non-Spanish speaking, and enrolled in the parent
ORCHID trial can be seen in Tables S1 and S2.

The 12-month global cognition and psychological assessment
scores and outcomes can be seen in Table 2. A total of 201 patients
completed the neuropsychological battery at 12 months with
189 completing all six cognitive domain assessments (Table S3). At
12 months, 137/201 (68.2%) patients met criteria for cognitive
impairment based on the Cognitive Composite Score. The
cognitive domains predominantly affected were executive function,
immediate memory, and delayed memory (Figure 1). Additionally,
134/202 (66.3%) met criteria for cognitive impairment based on the
MOCA-BIlind, 32/194 (16.5%) met criteria for PTSD, and 65/194
(33.5%) met criteria for depression. Among those without pre-existing
dementia, PTSD, or depression, 126/181 (69.6%) had new-onset cog-
nitive impairment as determined by the Cognitive Composite Score,
28/182 (15.4%) had new-onset PTSD, and 44/159 (27.7%) had new-
onset depression at 12 months, respectively.

TABLE 3 Potentially in-hospital modifiable factors for 12-month
cognition, post-traumatic stress disorder, and depression.

Potentially in-hospital modifiable risk factors n (%)
Delirium during the acute COVID-19 hospitalization 115 (56.7%)
Frequency of in-person visits from friends and family
during the acute COVID-19 hospitalization (for all
patients)
Never 185 (91.6%)
Once or less than once per week 3 (1.5%)
2-3 times per week 5(2.5%)
Daily 9 (4.5%)
Frequency of virtual visits from friends and family
during the acute COVID-19 hospitalization (for all
patients)
Never 7 (3.5%)
Once or less than once per week 7 (3.5%)
2-3 times per week 16 (7.9%)

4-5 times per week 4 (2.0%)
Daily 62 (30.7%)
Multiple times per day 106 (52.5%)

In-hospital COVID-19 treatment

Hydroxychloroquine 97 (47.8%)
Corticosteroids 29 (14.3%)
Remdesivir 45 (22.2%)

201 Hospitalized COVID-19 Survivors

60.0%

50.0%

49.6%
47.5%

40.0%

Immediate
Memory

Executive
Function

W <1.5 SD below mean

FIGURE 1

30.0%
20.0% ]
20.8%

10.0%

0.0%

Attention

50.3%

31.3% .
25.8%
Verbal Abstraction Delayed
Fluency Memory

m <2.0 SD below mean

Impairments of individual cognitive domains among 201 patients hospitalized for COVID-19 who completed neurocognitive

testing. Proportions of patients with Z-scores <—1.5 and <—2.0, which present 1.5 (moderate impairment) and 2.0 (severe impairment) standard
deviations (SD) below the population mean for each cognitive test in all patients. Z-scores were calculated by subtracting the cognitive domain
score from the cognitive test’s population mean and dividing by the cognitive test's population standard deviation. Moderate impairments (s—1.5
SD below the population mean) in 12-month executive function, immediate memory, and delayed memory were observed in 49.6%, 47.5%, and
50.3% of hospitalized COVID-19 survivors, respectively. Severe impairments (<—2.0 SD below the population mean) in 12-month executive
function, immediate memory, and delayed memory were observed in 33.3%, 27.8%, and 34.6% of hospitalized COVID-19 survivors, respectively.
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The frequency and proportion of patients with each potentially
modifiable in-hospital factor can be seen in Table 3. Hydroxychloro-
quine did not improve any of the 12-month cognitive or psychological
outcomes (Table S4). The multivariable proportion odds logistic
regression models for potentially modifiable in-hospital risk factors on
12-month global cognition can be seen in Figures 2 and S2. Remdesi-
vir use during hospitalization was associated with significantly higher
12-month  MOCA-Blind scores (aOR = 1.98, 95% Cl: 1.06, 3.70)
representing better global cognition, but no significant association
was observed for the 12-month Cognitive Composite Score
(@OR = 1.57, 95%: 0.84 to 2.94). There was no association between
the 12-month global cognition (Cognitive Composite Score or MOCA-
Blind) and in-hospital delirium, in-person visits, frequency of virtual
visits, hydroxychloroquine, or corticosteroids. Modifiable risk factors
for the individual cognitive domains can be seen in Figures S3-S8.
Remdesivir was associated with significantly higher 12-month WAIS
Similarities scores (aOR = 2.40, 95% Cl: 1.23, 4.69) representing bet-
ter abstract thinking. Corticosteroid use during hospitalization, how-
ever, was associated with lower 12-month WAIS Similarities scores
(aOR = 0.42, 95% CI: 0.19, 0.90).

(A) Cognitive Composite Score

Delirium (Yes vs. No)
03(0.59,1.78)

In-person Visit (Yes vs. No)
1.17(0.43,3.19)

Virtual Visit Frequency (Daily vs. Less than daily)
1.06 (0.49, 2.28) \ 4
P=051

Virtual Visit Frequency (Multiple daily vs. Less than daily)
1.42(0.69,2.93) @
=051

Treatment (Hydroxychloroquine vs. Placebo)
0.

89 (0.54, 1.46) _—

P=064
Remdesivir (Yes vs. No)

1.57(0.84,2.94) @
P=0.16
Corticosteroids (Yes vs. No)

0.77(0.38, 1.56) L 2
0.5 10 30
Odds Ratio (95% Cl)
Worse outcome Better outcome

Virtual Visit Frequency (Multiple dally vs. Less than daily)

The multivariable proportion odds logistic regression models for
potentially modifiable in-hospital risk factors on 12-month PTSD and
depression symptoms can be seen in Figures 3 and S9. Self- or
family-reported delirium during hospitalization was the only modifiable
risk factor associated with higher 12-month PCL-5 scores (higher PTSD
symptom severity, aOR = 3.44, 95% Cl: 1.89, 6.28). Delirium was also
associated with higher HADS-Depression subscale scores (worsening
depression symptom severity, aOR = 2.18, 95% Cl: 1.23, 3.84). Having
multiple virtual visits per day from friends or family during hospitaliza-
tion was associated with lower HADS-Depression subscale score
(better depression symptom severity, aOR = 0.40, 95% Cl: 0.19, 0.85)
compared to those who had less than daily virtual visits. However,
having daily virtual visits per day was not significantly associated with
the HADS-Depression score (aOR = 0.84, 95% Cl: 0.38, 1.88).

4 | DISCUSSION
The burden of long-term cognitive impairment, PTSD, and depression
at 12 months is high, affecting millions of hospitalized COVID-19

(B) MoCA-Blind Score

Delirium (Yes vs. No)
1.09(0.63,1.87)
P=076

In-person Visit (Yes vs. No)
0.98(0.35,2.72)
P=097

Virtual Visit Frequency (Daily vs. Less than daily)
1.05(0.48,2.28) g
P=0.28

1.59(0.75,3.37) @
=028

Treatment (Hydroxychloroquine vs. Placebo)
0!

92(0.56,1.52) —_—
P=076
Remdesivir (Yes vs. No)
1.98(1.06, 3.70) —
P=0.031
Corticosteroids (Yes vs. No)
1.08(0.53,2.23) . 4

P=083

0.5 30

1.0
QOdds Ratio (95% ClI)

Worse outcome Better outcome

FIGURE 2 The association between potentially modifiable in-hospital factors during the treatment of acute COVID-19 and 12-month global
cognition as characterized by the (A) Cognitive Composite Score based on a detailed neuropsychological battery and (B) MOCA-Blind in using
proportional odds logistic regression. The full models can be seen in Figure S2. Remdesivir use during hospitalization was associated with
improved 12-month global cognition characterized by the MOCA-Blind (aOR = 1.98, 95% CI: 1.06, 3.70). The aOR for remdesivir use on
12-month global cognition as characterized by the Cognitive Composite Score was 1.57 (95% Cl: 0.84, 2.94).
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(A) PCL-5 Score (B) HADS Depression Score
Delirium (Yes vs. No) Delirium (Yes vs. No)
3.44(1.89,6.28) —_— 2.18(1.23,3.84) —_——
P<00001 P=00072
In-person Visit (Yes vs. No) In-person Visit (Yes vs. No)
1.62(0.53,4.89) @ 1.33(0.45,388) O
P=04 P=06
Virtual Visit Frequency (Daily vs. Less than daily) Virtual Visit Frequency (Daily vs. Less than daily)
1.21(0.55,2.67) _ 0.84(0.38,1.88) _
P=011 P=0011
Virtual Visit Frequency (Multiple daily vs. Less than daily) Virtual Visit Frequency (Multiple daily vs. Less than daily)
066(0.30,1.41) = 0.40(0.19,085) | s e
P=011 P=0011
Treatment (Hydroxychloroquine vs. Placebo) Treatment (Hydroxychloroquine vs. Placebo)
1.19(0.71,1.99) —_—— 1.64(0.98,2.73) _
=05 P=0059
Remdesivir (Yes vs. No) Remdesivir (Yes vs. No)
1.24(0.61, 2.49) ——— s 0.68(0.36, 1.31) —_—
P=055 P=025
Corticosteroids (Yes vs. No) Corticosteroids (Yes vs. No)
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FIGURE 3 The association between potentially modifiable in-hospital factors during the treatment of acute COVID-19 and 12-month

(A) post-traumatic stress disorder (PTSD) symptoms as characterized by the PTSD Checklist for the DSM-V (PCL-5) and (B) depression symptoms
as characterized by Hospital Anxiety Depression Scale (HADS)-Depression subscale using proportional odds logistic regression. The full model
can be seen in Figure S9. Delirium during hospitalization was associated with higher 12-month PTSD symptom severity (aOR = 3.44, 95% Cl:
1.89, 6.28) and higher depression symptom severity (aOR = 2.18, 95% Cl: 1.23, 3.84). Having multiple virtual visits per day from friends or family
during hospitalization was associated with better 12-month depression symptom severity (aOR = 0.40, 95% CI: 0.19, 0.85) compared to those

who had less than daily virtual visits.

survivors worldwide. Identifying modifiable risk factors is the critical
first step to mitigating these outcomes. These findings may also help
inform health policy and responses to future pandemics with novel
respiratory viruses. While hydroxychloroquine did not significantly
affect the cognitive and psychological mental health outcomes, other
potentially modifiable risk factors were identified, such as remdesivir
treatment (improved cognition), delirium as reported by the patient or
family (worse PTSD and depression symptoms), and multiple virtual
visits per day with friends and family (less depression symptoms). Our
data may help inform strategies to prevent and treat these negative
long-term outcomes, but additional study is needed, including con-
ducting clinical trials that include PASC or Long-COVID as long-term
outcomes.

To our knowledge, few studies have evaluated modifiable risk fac-
tors on post-COVID-19 long-term cognitive and psychological out-
comes. Remdesivir may improve 12-month cognition as it was
associated with higher cognitive performance based on the MOCA-
Blind (global cognition) and WAIS Similarity test (abstraction). Higher
frequency of virtual visits by phone, text, or videoconferencing during

the hospital course was associated with decreased 12-month depres-
sion symptoms, suggesting that frequent interaction with the outside
world during hospitalization may mitigate adverse psychological out-
comes associated with COVID-19. Therefore, every effort should be
made to encourage COVID-19 patients who are hospitalized to virtu-
ally interact with friends and families. We also observed that delirium
was associated with worse PTSD and depression symptoms at
12 months. Administering non-pharmacologic multi-component delir-
ium prevention protocols may help mitigate these adverse psychologi-
cal outcomes and could be considered.?®>?* These interventions
include performing cognitive stimulating activities, enhancing mobili-
zation, normalizing sleep-wake cycles that are often reversed in delir-
ium, and using glasses and hearing aids to correct sensory impairment
as needed.

We observed a high proportion of patients with 12-month cogni-
tive impairment (68%). A recent meta-analysis of 43 studies reported
a pooled prevalence of 22% of long-term cognitive impairment in
COVID-19 survivors across all ages in both the outpatient and inpa-

tient settings. The high prevalence of cognitive impairment observed
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in our cohort could be due to several factors. First, our patient popula-
tion included patients with a higher severity of acute COVID-19 than
most prior studies, with all patients hospitalized and 31% treated in
the ICU. Second, the population was enrolled early in the pandemic,
before the availability of COVID-19 vaccines and largely before any
effective acute treatments for COVID-19 were known; only 14% of
patients received corticosteroids and 22% received remdesivir. Thus,
this study reported on outcomes for survivors of severe COVID-19
from the original wild-type SARS-CoV-2 virus that was largely
untreated in the acute phase. We also observed that 17% and 34% of
hospitalized COVID-19 survivors met criteria for PTSD and depres-
sion at 12 months, respectively. Our findings align with a meta-
analysis of 33 studies that reported a 19% prevalence of PTSD and
21% prevalence of depression after the COVID-19 illness.*°

We also examined which individual cognitive domains were
particularly affected after COVID-19 to fully characterize the oft-
reported “brain fog.” We observed prominent impairments in
executive function and immediate and delayed memory—domains
previously reported to be affected by critical iliness and acute respira-
tory distress syndrome.?®> These findings are consistent with a recent
systematic review, which reported that executive function and epi-
sodic memory were the cognitive domains most frequently impaired
after acute COVID-19 infection.? Other studies have also reported

27-29 d,272830 yerbal fluency,?”

deficits in attention, processing spee
and visuospatial.?®3! More research is needed to fully understand the
types of cognitive impairment patients have after COVID-19. Such
data will facilitate tailored cognitive rehabilitation interventions to
help COVID-19 patients overcome their cognitive deficits.

The strengths of our study included enrollment of patients from
34 geographically diverse sites in the United States, with the majority
of participants coming from ethnic or racial minority groups dispropor-
tionately affected by COVID-19. We also performed an extensive
phone battery to closely examine individual cognitive domains in both
English and Spanish. However, our study had several limitations. First,
we only included those who were hospitalized due to acute COVID-
19, and our results cannot be generalized to outpatients with mild-
to-moderate COVID-19. Second, our cohort was enrolled early in the
pandemic before COVID-19 vaccines and most treatments were avail-
able. Our findings illustrate long-term outcomes for unvaccinated
COVID-19 patients who mostly did not receive antiviral or immuno-
modulatory therapy in the acute setting. Third, despite making numer-
ous attempts, our rate of loss to follow-up was 23%. Of those
contacted, 43 (11%) refused to participate. While severity of illness
was similar to those with complete follow-up, patients who were lost-
to-follow-up were more likely to be younger, male, and Hispanic/
Latinx ethnicity. Fourth, the interpretation of our risk factor analyses
may be biased by residual confounding. For example, we did not
account for social support, which may have confounded the associa-
tion between virtual visits and 12-month depression. Fifth, our assess-
ment of delirium and frequency of in-person or virtual visitation relied
on retrospective reports, which could be affected by recall bias.

In conclusion, we identified potentially modifiable factors during
acute COVID-19 associated with better long-term outcomes:

remdesivir use (associated with better cognitive function), avoidance
of delirium (associated with less PTSD and depression symptoms), and
increased virtual interactions with friends and family (associated with
less depression symptoms). Additional research evaluating strategies
to prevent neuropsychological sequelae associated with Long-COVID
should consider antiviral medications, delirium avoidance, and opti-
mizing social interactions for patients early in the illness.
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