S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Journal of Psychiatric Research 144 (2021) 129-137

Contents lists available at ScienceDirect

Journal of Psychiatric Research

journal homepage: www.elsevier.com/locate/jpsychires

ELSEVIER

Check for

Onset and frequency of depression in post-COVID-19 syndrome: A o
systematic review

Olivier Renaud-Charest ", Leanna M.W. Lui ®¢, Sherry Eskander *“, Felicia Ceban?,
Roger Ho ®', Joshua D. Di Vincenzo *¢, Joshua D. Rosenblat 260 yena Lee?,
Mehala Subramaniapillai ?, Roger S. McIntyre & ™"

@ Mood Disorder Psychopharmacology Unit, University Health Network; University of Toronto, Toronto, ON, Canada

b Faculty of Medicine and Health Sciences, McGill University, Montreal, QC, Canada

¢ Institute of Medical Science, University of Toronto, Toronto, ON, Canada

4 Faculty of Science, University of Toronto, Mississauga, ON, Canada

¢ Department of Psychological Medicine, Yong Loo Lin School of Medicine, National University of Singapore, Singapore
f Institute of Health Innovation and Technology (iHealthtech), National University of Singapore, 119228, Singapore

8 Department of Pharmacology and Toxicology, University of Toronto, Toronto, ON, Canada

" Department of Psychiatry, University of Toronto, Toronto, ON, Canada

ARTICLE INFO ABSTRACT

Keywords:

Depression

Post-COVID-19 syndrome
Post-acute sequelae of COVID-19
COVID-19

SARS-CoV-2

Population health

Following recovery from COVID-19, an increasing proportion of individuals have reported the persistence and/or
new onset of symptoms which collectively have been identified as post-COVID-19 syndrome by the National
Institute for Health and Care Excellence. Although depressive symptoms in the acute phase of COVID-19 have
been well characterized, the frequency of depression following recovery of the acute phase remains unknown.
Herein, we sought to determine the frequency of depressive symptoms and clinically-significant depression more
than 12 weeks following SARS-CoV-2 infection. A systematic search of PubMed, Ovid Medline and Google
Scholar for studies published between January 1, 2020 and June 5, 2021 was conducted. Frequency and factors
associated with depression in post-COVID-19 syndrome were recorded and qualitatively assessed through
narrative synthesis. Methodological quality and risk of bias was assessed using a modified version of the
Newcastle-Ottawa Scale (NOS) for prospective cohort studies. Of 316 articles identified through our systematic
search, eight studies were included. The frequency of depressive symptoms +12 weeks following SARS-CoV-2
infection ranged from 11 to 28%. The frequency of clinically-significant depression and/or severe depressive
symptoms ranged from 3 to 12%. The severity of acute COVID-19 was not associated with the frequency of
depressive symptoms. However, the component studies were highly heterogeneous with respect to mode of
ascertainment, time of assessment, and location and age of patients. The majority of studies did not include an
unexposed control group. Future research should endeavour to produce a standardized classification of post-
COVID-19 syndrome, and as well as include unexposed control groups.

1. Introduction the acute phase of COVID-19 have experienced persistent symptoms

(Huang et al., 2021).

The coronavirus disease 2019 (COVID-19) pandemic has affected
more than 194 million individuals as of July 26, 2021 and continues to
spread globally (“WHO Coronavirus (COVID-19) Dashboard,” 2021).
Replicated studies have indicated the persistence of COVID-19 symp-
toms following recovery of the acute infection despite clearance of the
virus from the body (Nalbandian et al., 2021; Nasserie et al., 2021).
Moreover, individuals who were symptomatic or asymptomatic during

This phenomenon has been characterized by the National Institute
for Health and Care Excellence (NICE) as “post-COVID-19 syndrome”,
which refers to new and/or persistent signs and symptoms more than 12
weeks following severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection (COVID-19, 2021). Most patients with persisting
and/or new onset symptoms after acute COVID-19 are resolved by 12
weeks (COVID-19, 2021). Hitherto, the NICE criteria for post-COVID-19
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syndrome provide a more rigorous threshold for defining this phenom-
enon. High rates of neuropsychiatric symptoms (e.g., fatigue, depres-
sion) have been reported among individuals affected by COVID-19,
suggesting an effect of COVID-19 on the central nervous system (CNS)
(e.g., neurotropism of SARS-CoV-2, hyperinflammatory state and hy-
percoagulability following infection, especially in severe cases) (Troyer
et al., 2020; Zubair et al., 2020).

Depression is a leading cause of disability globally (Incidence, 2017).
Accordingly, depressive symptoms and clinically-significant depression
in post-COVID-19 syndrome may have severe implications as it relates to
quality of life outcomes.

Recent reviews have investigated the neuropsychiatric sequelae of
COVID-19, but to our knowledge, none have reported on the frequency
of depression, specifically, in accordance with NICE-defined post-
COVID-19 syndrome (Shanbehzadeh et al., 2021; Sinanovi¢, 2021;
Vanderlind et al., 2021). Notwithstanding, studies reporting on the
survivors of the severe acute respiratory syndrome (SARS) pandemic in
2003 have indicated the presence of depression for up to 12 months
following hospital discharge (Liu et al., 2021). Thus, it may be hy-
pothesized that depression is a significant outcome among survivors of
coronavirus infections. Taken together, there is a need to characterize
the relationship between depression and post-COVID-19 syndrome.
Herein, the aim of this paper is to synthesize the extant evidence
reporting on the frequency and factors associated with depression in
post-COVID-19 syndrome.

2. Methods

This review was prospectively registered on PROSPERO
(CRD42021254534) and the protocol was updated throughout the
writing process. Methods adhere to the Preferred Reporting Item for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page
et al., 2021).

2.1. Search strategy

A systematic search was conducted on PubMed, OvidMedline and
Google Scholar for studies published between January 1, 2020 and June
5, 2021. The title and abstract of each identified article were screened
for relevance according to our selection criteria. Following the initial
screen, full-text articles were assessed for eligibility. Two reviewers (OR
and SE) screened articles independently and consensus was reached
through discussion.

The search string used for PubMed and OvidMedline is as follows:
("depression" OR mood disorders) AND ("COVID-19" OR "SARS-CoV-2"
OR "Coronavirus disease 2019") AND (follow up OR prospective) AND
(sequelae OR recover* OR surviv*). To limit the search to relevant ar-
ticles only on Google Scholar, a more restrictive search string was used:
"depression" AND "psychiatric" AND "mental health" AND "after COVID-
19" AND "virus" AND "follow up" AND "sequelae". Additionally, refer-
ence lists of included articles and identified reviews on the COVID-19
neuropsychiatric sequelae were manually reviewed.

2.2. Inclusion and exclusion criteria

The inclusion criteria for this review are as follows: 1) English lan-
guage articles, 2) case-control studies, cohort studies, uncontrolled
observational studies, cross-sectional studies, and retrospective chart
reviews, 3) SARS-CoV-2 infection confirmed by reverse transcriptase
polymerase chain reaction (RT-PCR) of nasopharyngeal or saliva swabs,
or confirmed by antibody assays of blood, 4) depressive symptoms and
clinically-significant depression assessed using a validated and stan-
dardized scale (e.g., HADS-D, PHQ-9) or criteria from the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV or DSM-V), and 5)
depressive symptoms and clinically-significant depression assessed
more than 12 weeks following SARS-CoV-2 infection. If the follow-up
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time was counted from the time of discharge from the hospital, an
equivalent of 12 weeks must have passed from time of infection. Ten
weeks or more from time of discharge were required for inclusion if the
research article did not clearly specify for how long patients were
hospitalized.

The exclusion criteria for this review are as follows: 1) animal
studies, 2) case reports, unpublished data sets, review articles, meta-
analyses, 3) SARS-CoV-2 infection not confirmed by RT-PCR of naso-
pharyngeal or saliva swabs, or antibody assays of blood, and 4)
depressive symptoms and clinically-significant depression in the general
population reported as socioeconomic consequences of the COVID-19
pandemic.

2.3. Data extraction

Two reviewers (OR and SE) used a standard data extraction form for
the following study characteristics: 1) first author, 2) year of publica-
tion, 3) sample size, 4) gender distribution, 5) location, 6) mean or
median age, 7) study design, 8) severity of COVID-19 symptoms, 9)
method of assessment for measures of depressive symptoms and
clinically-significant depression, 10) time of assessment, 11) frequency
of depressive symptoms and clinically-significant depression, 12) factors
associated with depression, and 13) other significant findings.

2.3.1. Quality assessment

The methodological quality of the articles was evaluated using a
modified version of The Newcastle-Ottawa Scale (NOS) for prospective
cohort studies (Wells et al., 2000). There are eight criteria and a possi-
bility of obtaining up to eight stars if all criteria are met. The charac-
teristics assessed fall into three categories: selection of the study groups,
comparability of the groups, and assessment of outcome of interest. In
the case of uncontrolled observational studies, two items did not apply
due to the absence of a control group. A NOS score >5 reflects a high
NOS ranking, whereas a score of 3-4 refers to a moderate score, and
score <3 is categorically low. Two reviewers (OR and SE) assessed the
quality of the included articles independently. Disagreements were
resolved through discussion.

3. Results
3.1. Systematic search results

Databases were searched from inception until June 5, 2021. The
initial search yielded a total of 316 articles, of which 87 were identified
as duplicates. The remaining 229 titles and abstracts were screened for
eligibility. Thirty studies met criteria for full-text assessment and 23
studies were excluded. One additional study identified from the refer-
ence lists of relevant articles met inclusion criteria. A total of eight
studies were included in the present review (Fig. 1).

3.2. Methodological quality and risk of bias

Five studies had a high NOS rank (i.e., NOS scores of 5 or 6), and
three had a moderate NOS rank (i.e., NOS scores of 4). The mean NOS
score was 4.75. The three studies with a moderate NOS rank were un-
controlled observational studies. Two studies lost points because not all
patients had a SARS-CoV-2 infection confirmed by RT-PCR or antibody
assay, and depressive symptoms were not assessed at baseline (van den
Borst et al., 2020; Morin et al., 2021). The third study also lost a point as
depressive symptoms were not assessed at baseline, and a second point
was lost as no description was provided of patients who were not
assessed for depressive symptoms at follow-up (Rass et al., 2021).
Rankings for individual studies are summarized in Table 1.
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Fig. 1. PRISMA study selection flow diagram.

Table 1
Quality assessment of included publications.

Study Selection Comparability Outcome Score
Representativeness of Selection of Ascertainmentof  Demonstration that Control for age Assessment Follow- Adequacy of
exposed cohort non-exposed exposure outcome of interest was and sex of outcome up follow-up

cohort not present at start of
study

Uncontrolled observational studies

Mazza et al. b* N/A a* b N/A a* a* b* 5
(2021)

Rass et al. a* N/A a* b N/A b* a* c 4
(2021)

Gonzalez a* N/A a* b N/A b* a* b* 5
et al.
(2021)

Morin et al. b* N/A b b N/A b* a* b* 4
(2021)

van den a* N/A b b N/A b* a* a* 4
Borst
et al.
(2020)

Daher et al. b* N/A a* b N/A b* a* a* 5
(2021)

Prospective cohort studies

Frontera a* a* a* b a* b* a* c 6
et al.
(2021)

Mattioli c a* a* b a* b* b a* 5
et al.
(2021)
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3.3. Study characteristics

Six of the eight included studies used an uncontrolled observational
design and two used a prospective cohort design. The six uncontrolled
observational studies measured the frequency of depressive symptoms
and clinically-significant depression in post-COVID-19 syndrome
whereas the two cohort studies only compared the depression scores
between the main cohort and the control group. The DSM-V criteria (n
= 1) and the following validated scales were used for the assessment of
depression: 13-items Beck’s Depression Inventory (BDI-13) (n = 2),
Zung Self-Rating Depression Scale (ZSDS) (n = 1), Depression, Anxiety
and Stress Scale (DASS-21) (n = 1), Hospital Anxiety and Depression
Scale (HADS) (n = 3), Patient Health Questionnaire (PHQ-9) (n = 1),
and Quality of Life in Neurological Disorders (Neuro-QoL) (n = 1). The
included studies took place in seven different countries: Italy (n = 2),
Spain (n = 1), Austria (n = 1), France (n = 1), Germany (n = 1), the
United States (n = 1), and the Netherlands (n = 1). No regional disparity
analysis was performed due to the limited number of articles. Other
characteristics of the included studies are presented in Table 2.

3.4. Frequency of depression

Considerable rates of depressive symptoms and clinically-significant
depression in post-COVID-19 syndrome were reported. The frequency of
depressive symptoms more than 12 weeks following SARS-CoV-2
infection ranged from 11 to 28% (Daher et al., 2021; Gonzalez et al.,
2021; Mazza et al., 2021; Rass et al., 2021; van den Borst et al., 2020;
Morin et al.,, 2021). When only considering clinically-significant
depression and/or severe depressive symptoms (i.e., DSM-V criteria,
BDI-13 score >9, PHQ-9 score >14, or HADS-D score >10), the reported
rates ranged from 3 to 12% (Daher et al., 2021; Gonzalez et al., 2021;
Mazza et al., 2021; Rass et al., 2021; van den Borst et al., 2020).

Most studies measured the frequency of depressive symptoms and
clinically-significant depression three to four months after diagnosis or
hospital discharge; however, Daher et al. (2021) measured it at 6.5
months (x = 197 days) after hospital discharge and obtained a fre-
quency of 27% for moderate depressive symptoms, and 5% for severe
depressive symptoms. Only one study had a control group unexposed to
SARS-CoV-2 and reported significantly higher depression scores among
COVID-19 subjects (i.e., x = 3 vs.x = 1 on the DASS-21 depression
scale, p = 0.036) (Mattioli et al., 2021). However, time of assessment in
that study ranged from 12 to 215 days from diagnosis, meaning that not
all patients qualified for post-COVID-19 syndrome. A meta-analysis was
not performed due to the significant heterogeneity in regard to the tools
used for the assessment of depression, and the time points of assessment
following COVID-19 diagnosis.

3.5. Factors associated with depression

The main factors associated with depression were sex, previous
psychiatric history, psychopathology at one-month follow-up, and sys-
temic inflammation during the acute phase, while age was only a po-
tential factor, and severity of acute COVID-19 was not. Indeed, female
sex (Wilks’ A = 0.92; F = 5.76; p = 0.003), a previous psychiatric
diagnosis (Wilks’ A = 0.93; F = 5.29; p = 0.006), and psychopathology at
one-month follow-up (Wilks’ A = 0.82; F = 15.16; p < 0.001) were
moderators of depression in post-COVID-19 syndrome (Mazza et al.,
2021). Interestingly, depression persisted between one-month follow-up
and three-month follow-up while significant decreases in PTSD symp-
toms, anxiety, and insomnia were observed (Mazza et al., 2021).

Importantly, Mazza et al. (2021) demonstrated that the severity of
depressive symptomatology in post-COVID-19 syndrome was propor-
tional to systemic inflammation measured at baseline during acute
infection. Systemic immune-inflammation index (SII) at baseline (SII =
(platelets x neutrophils)/lymphocytes) explained the variation of
depression severity in models when assessing the influence of age, sex
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and hospitalization (ZSDS: x? = 42.417, p < 0.0001; BDI-13: ¥? =
56.536, p < 0.0001). The changes in SII also significantly predicted
changes in depression scores (ZSDS: Wald W2 = 6.881, p = 0.0087;
BDI-13: Wald W? = 14.304, p = 0.0002). A decrease of SII between
hospital admission and 3-month follow-up led to a decrease in depres-
sion severity in contrast to small changes of SII that led to persistent or
worse depression scores (Mazza et al., 2021).

Age was a potential moderator in the study by the Consultation
Multi-Expertise de Bicétre Apres COVID-19 (COMEBAC) group. Patients
aged 75 years and older were more affected; 30.8% had significant
depressive symptoms as part of post-COVID-19 syndrome compared to
19.7% of patients younger than 75 years (Morin et al., 2021). Although,
it is important to note that age did not have a significant impact on
depression scores in the study by Mazza et al. (2021).

Three studies reported that severity of acute COVID-19 according to
symptoms and treatment required did not have an influence on the
frequency of depressive symptoms in post-COVID-19 syndrome (Daher
etal., 2021; Rass et al., 2021; van den Borst et al., 2020). Notably, in one
study, patients with mild COVID-19 disease reported greater frequency
of depressive symptoms than patients with a critical form of the disease
(22% vs 10%) 13.0 weeks after onset of symptoms (van den Borst et al.,
2020).

A fourth study had similar results wherein nonintubated patients
suffered more from depressive symptoms than intubated patients
(21.7% vs. 18.0%) at a median of 125 days after hospital discharge
(Morin et al., 2021). However, no statistical analysis was performed.
Additionally, Mazza et al. (2021) reported an inverse correlation be-
tween length of hospital stay and depression at three months
post-discharge (ZSDS: r = —0.23, p = 0.005, ¢ = 0.01; BDI-13: r =
—0.21, p = 0.010, q = 0.015) insofar as shorter hospitalization was
associated with worse depressive symptomatology in post-COVID-19
syndrome.

3.6. Depression and neurocognitive functioning

Neurocognitive impairment in the acute phase of COVID-19 was not
a moderator of depression. However, depressive symptoms significantly
influenced neurocognitive functioning in post-COVID-19 syndrome.
Frontera et al. (2021) compared a cohort of patients who had suffered
from neurological complications during hospitalization to a control
group of COVID-19 patients with no neurological complications. There
was no significant difference in the depression scores between the two
cohorts 6.7 months after the onset of the neurological symptoms. Two
separate studies investigated the association between depression and
neurocognitive functioning in post-COVID-19 syndrome and reported
that patients with depression tended to perform worse on neuro-
cognitive tests compared to those without depression (Mattioli et al.,
2021; Mazza et al., 2021).

In the study by Mazza et al. (2021), high ZSDS scores predicted worse
performance in selective attention and processing speed (symbol coding
test: Wald = 8.37, p = 0.003). A study by Mattioli et al. (2021) found
that DASS-21 depression scores negatively influenced general cognitive
functioning (Mini-Mental State Examination: § = —0.039, p = 0.007)
and performance on tests assessing immediate recall in verbal memory
(California Verbal Learning Test: p = —0.432, p = 0.016), visual reaction
times (Test of Everyday Attention: p = 6.298, p = 0.007), executive
abilities (Tower of London test: p = —0.149, p = 0.008) and visuospatial
abilities (Rey figure copy and recall: p = —0.096, p = 0.044).

4. Discussion

Depressive symptoms and clinically-significant depression were
commonly reported among individuals as part of post-COVID-19 syn-
drome. Factors that were associated with the onset and frequency of
depression included sex, previous psychiatric history, and psychopa-
thology at one-month follow-up (Mazza et al., 2021). In particular,
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Table 2
Summaries of included publications.
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Study Design Population

Age

Time of assessment Location

Diagnostic
Tool

Findings

Uncontrolled
observational
study

Mazza 226 patients (67%
hospitalized)

66% male

et al.
(2021)

Mattioli
et al.
(2021)

Prospective
cohort study

120 patients with mild-
moderate COVID-19 (2%
hospitalized), health care
workers

30 controls, matched for
age, sex and main
comorbidities, health care
workers

25% male

Uncontrolled
observational
study

Rass et al.
(2021)

98 out of 135 patients (23%
required ICU care, 53%
were admitted to the
regular ward, 24% were
outpatients)

61% male

59 of 62 patients who
required ICU admission for

Mean =
58.5

SD =
12.8
Range:
26-87

Mean =
47.9
Range:
26-65

Median
=56
IQR: 48-
68
Range:
19-87

Mean =
60

Mean of 90 days post
discharge or ED
evaluation (SD =
13.4), previous
assessment at one-
month follow-up

Milan,
Italy

Mean of 126 days from
diagnosis (Range:
12-215)

Brescia, Italy

Median of 102 days
from diagnosis (IQR:
91-110)

Tyrol,
Austria

3 months after hospital
discharge

Lleida, Spain

133

DSM-5, BDI-
13, ZSDS

DASS-21

HADS-D

HADS-D

Frequency:

o 8.9% of patients diagnosed with
clinically-significant depression
(DSM-5), same result with BDI-13
9.

e 28% of patients with depressed mood
based on ZSDS (>50).

Factors:

e Female sex (Wilks’ A =0.92, F =5.76,

p = 0.003), previous psychiatric

history (Wilks’ A = 0.93, F = 5.29, p

= 0.006), and psychopathology at

one-month follow-up (Wilks’ A =

0.82; F = 15.16; p < 0.001) were

predictors of depression at three-

month follow-up in a multivariate
analysis.

No effect of age on self-reported

depression scores.

Length of hospital stay is inversely

correlated with ZSDS (r = —0.23,p =

0.005, g = 0.01) and BDI-13 scores (r

= —0.21, p = 0.010, q = 0.015).

Baseline systemic immune-

inflammation index (SII) (ZSDS: x2 =

42.417, p < 0.0001; BDI-13: y2 =

56.536, p < 0.0001) and changes of

SII (ZSDS: Wald W? = 6.881, p =

0.0087; BDI-13: Wald W? = 14.304,

p = 0.0002) were predictors of

depression and changes of depression

at three-month follow-up.

Other findings:

e Persistent depressive symptoms from

one-month follow-up to three-month

follow-up, in contrast with significant
decrease of PTSD symptoms, anxiety
and insomnia.

Depression had a significant effect on

neurocognitive functioning and ZSDS

scores specifically predicted
performance in selective attention

and processing speed (Wald = 8.37, p

= 0.003).

Frequency:

e DASS-21 depression scores were
significantly higher in COVID-19
subjects than in controls (x = 3 vs.
x =1,p=0.036).

Other findings:

e DASS-21 depression scores
significantly influenced many
neuropsychological test scores:
MMSE (p = —0.039, p = 0.007) CVLT
immediate recall (f = —0.432, p =
0.016), TEA visual RT (p = 6.298, p
=0.007), TOL (p = —0.149, p =
0.008), Rey figure copy and recall (p
= —0.096, p = 0.044).

Frequency:

e 11% of patients with depressive
symptoms:

0 7% with mild depressive
symptoms (HADS-D score >7)
0 3% with clinically-significant
depression (HADS-D score >10)

Factors:

e Severity of the disease does not
significantly influence the frequency
of depressive symptoms at 3-month
follow-up.

Frequency:

(continued on next page)
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Table 2 (continued)
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Study Design Population Age Time of assessment Location Diagnostic Findings
Tool
Gonzalez Uncontrolled ARDS secondary to COVID-  Range: e 15.2% of patients with depressive
et al. observational 19 48-65 symptoms:
(2021) study 74.2% male 0 10.2% with borderline abnormal

scores (HADS-D score >7 and < 10)

0 5.0% with clinically-significant

depression (HADS-D score >10)

Morin et al. Uncontrolled 170 out of 177 hospitalized = Mean = Median of 125 days Paris region, BDI-13 Frequency:
(2021) observational patients (54.8% required 56.9 after hospital discharge ~ France e 20.6% of patients with depressive
study ICU care) SD = (IQR: 94-128) symptoms (BDI-13 > 7), notably
62% male 13.2 18.1% of ICU patients.

e Depressive symptoms observed in
18.0% of intubated patients and in
21.7% of non-intubated patients.

e 30.8% of patients >75 yr with
depressive symptoms vs 19.7% of
patients <75 yr.

van den Uncontrolled 124 patients (16.1% with Mean = Mean of 13.0 weeks Nijmegen, HADS-D Frequency:
Borst observational critical disease, 20.9% with 59 after onset of Netherlands e 12% of patients with clinically-
et al. study severe disease, 41.1% with ~ SD =14  symptoms (SD = 2.2) significant depression (HADS-D >
(2020) moderate disease, 21.7% Mean of 9.1 weeks 10), notably 22% of patients with
with mild disease) after discharge for mild disease and 10% of patients with
60% male hospitalized patients critical disease.
(SD =1.6) Factors:

e Severity of the disease does not
significantly influence the frequency
of depression at 13-week follow-up.

Frontera Prospective 136 of 196 patients with Median Median of 6.7 months New York, Neuro-QoL Frequency:

et al. cohort study neurological complications =68 from neurological USA e 29% of patients with neurological

(2021) during hospitalization for IQR: 55- symptom onset (or complications scored worse than
COVID-19 77 COVID-19 symptom in average on depression section of
143 of 186 COVID-19 controls) Neuro-QoL (T score >50)
controls, matched for age, (IQR: 6.5-6.8) e 22% of COVID-19 controls scored
sex, race/ethnicity, and worse than average on depression
intubation status section of Neuro-QoL (T score >50)
65% male Factors:

e No significant difference between

both groups.
Daher et al.  Uncontrolled 18 patients who required Mean = Mean of 197 days after ~ Aachen, PHQ-9 Frequency:
(2021) observational ICU admission for ARDS 61 hospital discharge (SD Germany e 27% of patients with moderate to
study secondary to COVID-19 Sh=7 =15) severe depressive symptoms (PHQ-9

61% male

> 9), all with type L pneumonia (less
severe cases than patients with type H
pneumonia):
0 22% with moderate depressive
symptoms (PHQ-9 > 9 and < 14)
0 5% with severe depressive
symptoms (PHQ-9 > 14)
Factors:
e No significant difference in
depression scores of patients with
type H or L pneumonia.

DSM-V, Diagnostic and Statistical Manual of Mental Disorders; BDI-13, 13-items Beck’s Depression Inventory; ZSDS, Zung Self-rating Depression Scale; DASS-21,
Depression, Anxiety and Stress Scale; HADS-D, Hospital Anxiety and Depression Scale - Depression; Neuro-QoL, Quality of Life in Neurological Disorders; PHQ-9,
Patient Health Questionnaire; MMSE, Mini-Mental State Examination; CVLT immediate recall, California Verbal Learning Test immediate recall for verbal mem-
ory; TEA visual RT, visual reaction times section of the TEA attention test; TOL, Tower of London test for executive abilities.

female sex (Parker and Brotchie, 2010), previous history of depression,
and other mental disorders (Christensen et al., 2011) are risk factors for
depression commonly observed in the general population. However,
findings on age as a moderator were inconsistent.

Systemic inflammation at baseline, as measured by platelet count,
and levels of neutrophils and lymphocytes (SII), and their change over
time were shown to predict depressive symptoms at 3-month follow-up
post-discharge (Mazza et al., 2021). Available literature suggests that
the level of inflammation in patients with COVID-19 is associated with
severity of symptoms in the acute phase (Zeng et al., 2020). However, in
this review, the severity of acute COVID-19 (i.e., symptom severity and
level of care required) was not associated with a higher frequency of
depressive symptoms in post-COVID-19 syndrome (Daher et al., 2021;
Rass et al., 2021; van den Borst et al., 2020). Similarly, hospitalizations
for COVID-19 with neurological complications, compared to
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hospitalizations with no complications, did not lead to significantly
higher rates of depressive symptoms in the long term (Frontera et al.,
2021).

It remains unclear whether a relationship exists between systemic
inflammation at baseline and depressive symptomatology in post-
COVID-19 syndrome with respect to severity of COVID-19 symptoms.
A hypothesis of depression in post-COVID-19 syndrome is then only
partially explained by systemic inflammation as a consequence of acute
infection. Indeed, it has been reported that COVID-19 induces a hyper-
inflammatory state, which may cause persistent low-grade inflammation
(Mazza et al., 2020, 2021). More specifically, Han et al. (2020) reported
high levels of TNF-a, IFN-y, IL-2, IL-4, IL-6, IL-10 and CRP in COVID-19
patients compared to controls, with IL-6 as the most frequently reported
cytokine increased among COVID-19 patients (Ragab et al., 2020).
Moreover, the positive association between depression and
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inflammation has been thoroughly characterized (Lee and Giuliani,
2019; Rosenblat et al., 2014). More specifically, studies have reported
elevated levels of pro-inflammatory cytokines (e.g., interleukin-6 (IL-6))
among patients suffering from mood symptoms and disorders (Liu et al.,
2012).

Extant literature indicates that pro-inflammatory cytokines moder-
ate serotonin levels, hypothalamic-pituitary-adrenal (HPA) axis self-
regulation, microglial cells, and neuroplasticity, leading to negative
regulation of brain function (Rosenblat et al., 2014). This phenomenon
has been commonly observed among the elderly (Ng et al., 2018), who
are known to be more at risk for increased inflammation and serious
complications following SARS-CoV-2 infection due to cytokine storms
(Fajgenbaum and June 2020; Mueller et al., 2020). Further research is
needed to elucidate the effect of antidepressants (Lu et al., 2017) and
mindfulness interventions (Ng et al., 2020) on inflammation and
depression among survivors of COVID-19. For example, animal models
may be developed to identify treatment targets of depression in
post-COVID-19 syndrome (Munoz-Fontela et al., 2020).

Furthermore, it remains to be determined whether the high fre-
quency of depression among individuals with post-COVID-19 syndrome
is a long-term consequence of the viral infection or a result of the social
and/or economic outcomes of the pandemic. Indeed, the COVID-19
pandemic has proven detrimental to measures of mental health within
the general population. For example, higher rates of depressive symp-
toms have been reported since the onset of the pandemic (Xiong et al.,
2020). The foregoing rates of depressive symptoms vary across regions
and were potentially even higher at the beginning of the pandemic due
to the establishment of new restrictive public health measures (Ho et al.,
2020; Lee et al., 2021; Wang et al., 2021; Xiong et al., 2020). Notably,
Ettman et al. (2020) demonstrated that the prevalence of depressive
symptoms in the United States was more than 3-fold higher during the
COVID-19 pandemic compared to before, based on data collected in the
first two weeks of April 2020.

Longitudinal studies of COVID-19 patients with a non-infected con-
trol group are critical to compare the frequency of depression in post-
COVID-19 syndrome to that of the general population. However, only
one of the included studies had a non-infected control group. While the
study reported greater depressive symptoms among COVID-19 patients,
the time of assessment in this study did not correspond to post-COVID-
19 syndrome classification in all patients (i.e., time of assessment
ranged from 12 to 215 days from diagnosis, with a mean of 126 days)
(Mattioli et al., 2021). As such, results from this study should be inter-
preted with caution.

Notwithstanding, Taquet et al. (2021) reported that the incidence of
mood disorders 6 months after a COVID-19 diagnosis was significantly
greater than the incidence of mood disorders after influenza or other
respiratory tract infections over a similar time period. While this
retrospective chart review was not included in our results as it did not
provide data on depression specifically, its results reinforce the hy-
pothesis that SARS-CoV-2 infection increases the risk for depression in
the long term.

Lastly, social, economic and spatial factors may have a significant
effect on the development and persistence of depressive symptoms
among individuals with post-COVID-19 syndrome. In addition to the
fear of the virus, the pandemic has led to job and housing uncertainty,
school closures, and social isolation (Chirumbolo et al., 2021; Septlve-
da-Loyola et al., 2020; Szlamka et al., 2021).

Higher rates of depression have been reported among lower socio-
economic populations given the particularly pronounced social and
economic consequences of the pandemic (Xiong et al., 2020). A similar
observation was reported among students, potentially due to the sig-
nificant transition from in-person to online schooling (Cao et al., 2020;
Xiong et al., 2020). Isolation due to social distancing restrictions has
prevented social networking and physical participation in family and
community activities increasing rates of loneliness, which has a negative
effect on mental health (Loades et al., 2020; Septilveda-Loyola et al.,
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2020). Of note, it has been suggested that younger individuals (i.e., <40
years) experience higher rates of depression as a result of isolation
measures (Pieh et al., 2020; Xiong et al., 2020). The foregoing psycho-
social stressors are pro-inflammatory (Berk et al., 2013). Taken together,
the social and economic consequences of the pandemic should be
assessed in the purview of biological stressors.

4.1. Limitations

This systematic review has several limitations which may affect
interpretation of our results. First, the included studies were highly
heterogeneous. Depression was assessed through various validated self-
report questionnaires, at different time points after COVID-19 diagnosis,
and in patients from different countries and age groups. Second, most
studies did not include a control group (i.e., unexposed to SARS-CoV-2).
As such, it is a testable hypothesis whether depression is a residual
consequence of acute COVID-19 infection or result of the social and/or
economic outcomes of the pandemic. Furthermore, depression during
the pandemic is confounded by numerous factors (e.g., increased stress
levels, economic hardship, etc.). Third, studies did not assess depression
or depressive symptoms at the start of the study (i.e., week 0) nor prior
to acute infection. These limitations may have resulted in the over-
estimation of the true frequency of clinically-significant depression and
depressive symptoms.

4.2. Implications for research

The current literature on the frequency and factors associated with
depression in post-COVID-19 syndrome is limited. Taken together, there
is a need to conduct studies assessing the impact of post-COVID-19
syndrome in larger populations, as well as include control groups. As-
sessments of depression should be performed using validated clinician-
rated scales complimented with validated self-report questionnaires.
Administering validated clinician-rated scales would reduce the risk of
overestimating and/or underestimating the true frequency of clinically-
significant depression and depressive symptoms associated with post-
COVID-19 syndrome. Assessments of depression should also occur at
time of diagnosis and at multiple time points during the recovery process
to observe symptom variation over time. Furthermore, future studies
should aim to increase methodological consistency by adhering to a
single post-COVID-syndrome classification to allow for adequate com-
parison between studies.

5. Conclusion

This systematic review suggests a high frequency of clinically-
significant depression and depressive symptoms associated with post-
COVID-19 syndrome. Moderators include female sex, previous psychi-
atric history, and psychopathology at one-month follow-up. The severity
of COVID-19 and cognitive impairment in the acute phase of the disease
are not associated with worsening depressive symptoms in post-COVID-
19 syndrome. Nevertheless, it cannot be concluded that depression is
more frequent in patients suffering from post-COVID-19 syndrome than
in the general population. Further research should therefore take into
consideration post-COVID-19 syndrome classification and include con-
trol groups unexposed to SARS-CoV-2. Moreover, the overlap of
depressive symptoms in individuals with post-COVID-19 syndrome and
its differentiation from manifestations of long COVID syndrome is a
priority research vista.
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