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Streszczen ie Wstep: Nasilenie objawow depresji u pacjentéw z COVID-19 rdzni sie w badanych populacjach i zmienia sie w czasie. Coraz
wiecej dowod6w potwierdza hipoteze o udziale stanu zapalnego w rozwoju depresji. Metody: Przeglad systematyczny
i metaanalize badan przekrojowych oraz badan kohortowych opublikowanych w latach 2019-2023 przeprowadzono wedlug
kryteriéw PRISMA. Analizowanymi zagadnieniami byly proporcja tagodnych, umiarkowanych i ciezkich objawéw depresji
w trakcie i po hospitalizacji oraz powigzania miedzy depresja a stanem zapalnym u pacjentéw z COVID-19. Wyniki:
Do systematycznego przegladu wiaczono trzydziesci artykuléw. W ilosciowej metaanalizie ogolny odsetek umiarkowanej do
ciezkiej oraz lekkiej do ciezkiej depresji oszacowano na poziomie odpowiednio 0,21 (95% CI: 0,13-0,31) i 0,35 (95% CI:
0,23-0,48). W modelu efektéw stalych wykazano réznice w poziomie markeréw stanu zapalnego miedzy pacjentami
z COVID-19 z depresja i bez niej, przy wyzszych stgzeniach biatka C-reaktywnego, jak réwniez stosunku neutrofili do
limfocytéw u 0s6b z objawami obnizenia nastroju. W wynikach modeli efektow losowych dla bialka C-reaktywnego nie
uzyskano istotnosci, a dla wskaznika neutrofilowo-limfocytowego wskaznik ten znajdowal si¢ na granicy istotnosci
(p = 0,053). Wnioski: Jak wynika z badan, odsetek oséb do$wiadczajacych objawéw depresji maleje w miare uptywu czasu
od diagnozy COVID-19. Zwigzek miedzy depresja i stanem zapalnym pozostaje niejasny i wymaga dalszych badan.

Stowa kluczowe: SARS-CoV-2, zdrowie psychiczne, markery zapalne

AbS’[ra ct Introduction: The severity of depression symptoms in COVID-19 patients differs among populations investigated and changes
over time. Increasing evidence supports the hypothesis about the involvement of inflammation in the development of
depression. Methods: A systematic review and a meta-analysis of the cross-sectional and cohort studies published between
2019 and 2023 were conducted according to the PRISMA criteria. The outcomes of interest were the proportions of mild,
moderate, and severe depression symptoms during and after hospitalisation, and associations between depression and
inflammation in COVID-19 patients. Results: Thirty articles were included in the systematic review. In the quantitative meta-
analysis, the overall proportions of moderate-to-severe and mild-to-severe depression were estimated at 0.21 (95% CI:
0.13-0.31) and 0.35 (95% CI: 0.23-0.48), respectively. The fixed effects model of the meta-analysis of inflammatory markers
showed a difference between COVID-19 patients with and without depression, with higher concentrations of both C-reactive
protein and neutrophil-lymphocyte ratio detected among people suffering mood disturbances. However, in random effects
models, findings for C-reactive protein lost significance, and for neutrophil-lymphocyte ratio were on the boundary of
significance (p = 0.053). Conclusions: According to the study results, the proportion of depression decreases over time after
a COVID-19 diagnosis. The relationship between depression and inflammation is still uncertain and requires further research.

Keywords: SARS-CoV-2, mental health, inflammatory markers
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INTRODUCTION

he coronavirus disease 2019 (COVID-19) pandem-
I ic has become a challenge for the world of medicine.

At the same time, it was a source of motivation for
research on epidemiology, symptomatology, and the course
of the disease, as well as for deepening knowledge about
the psychological consequences, treatment, and the process
of recovery after infection. Numerous authors conducting
studies in different populations suffering from COVID-19
have drawn attention, on the one hand, to the occurrence
of symptoms such as depression, anxiety, and a sense of
trauma in patients (Mazza et al., 2023; Rogers et al., 2020;
Santomauro et al., 2021; Schou et al., 2021; da Silva Lopes
etal., 2021; Vindegaard and Benros, 2020) and, on the other
hand, to psychological resources contributing to recovery,
such as resilience, post-traumatic growth, and social sup-
port networks (Kunzler et al., 2021; Penninx et al., 2022).
The research also focused on the role of inflammation in the
development of psychopathological symptoms such as de-
pression or stress-related symptoms in short- and long-term
observations (Beurel et al., 2020; Cruz-Pereira et al., 2020;
Del Giudice and Gangestad, 2018; Galecki and Talarowska,
2018; Haapakoski et al., 2015; Harsanyi et al., 2022; Kofod
etal., 2022). Very often, the studies also addressed post-acute
sequelae of COVID-19 (PASC) (Mahase, 2020; Montani
et al., 2022; Thaweethai et al., 2023).
There remains a risk of further pandemic outbreaks in the
future. The knowledge accumulated as a result of the severe
acute respiratory syndrome (SARS) and Middle East respi-
ratory syndrome (MERS) pandemics (Debnath et al., 2020;
Mak et al., 2009; Postolache et al., 2021; Rogers et al., 2020)
has set directions for COVID-19 research in the fields of
changes in human functioning on the individual, social, and
global levels. Therefore, in the post-COVID-19 era, it is im-
portant to analyse factors significant for better understand-
ing psychological reactions to the disease, risk factors for
adaptation difficulties, and resources that support recovery
and the return to bio-psycho-social balance.
Globally, the increase in major depressive disorder due to
the COVID-19 pandemic in 2020 was estimated at 27.6%
(Santomauro et al., 2021); however, the results of longitu-
dinal population-based studies remain inconsistent (Pen-
ninx et al., 2022). Evidence of predictive factors for psy-
chiatric sequelae, including depression symptoms, among
COVID-19 patients is still limited (Liu et al., 2020). Multi-
ple studies were conducted on the general population, those
under home quarantine, and medical professionals, but not
on hospitalised COVID-19 patients (Mazza et al., 2023;
Vindegaard and Benros, 2020). Also, the results of research
on inflammation in COVID-19 are very heterogeneous.
Although common pathophysiological mechanisms be-
tween COVID-19 and depression are being examined (Beu-
rel et al., 2020; da Silva Lopes et al., 2021), the relation-
ship between COVID-19 and the development of depressive
symptoms remains unclear.
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Therefore, the objectives of this review were to determine

the proportions of COVID-19 patients with depression dur-

ing hospitalisation and after hospital discharge, and to in-
vestigate the moderating effects of inflammatory markers
on the prevalence of depression.

The following key questions were addressed:

1. What are the proportions of depressive symptoms in
COVID-19 patients during and after hospitalisation,
considering the severity of the symptoms?

2. In COVID-19 patients, is the level of inflammatory
markers associated with the severity of depressive symp-
toms?

MATERIALS AND METHODS
Eligibility criteria and search strategy

We included cross-sectional and cohort studies published in
English reporting the prevalence of depression in adult pa-
tients (age 218 years) during hospitalisation for COVID-19
and after discharge. Studies that also reported inflammato-
ry markers were prioritised. We excluded case reports, let-
ters, conference abstracts, and qualitative studies. Studies
that focused on somatic or neurological outcomes of
COVID-19, depression in quarantined at-home patients,
and specific populations such as healthcare workers, psy-
chiatric inpatients, students, and the general population
were also excluded.

We performed searches in the EBSCO, EMBASE, Med-
line, PsycInfo, and PubMed databases for studies pub-
lished between 2019 and 2023. Reference lists of eligible
study reports were hand-searched for additional studies,
and Google Scholar was used for the identification of stud-
ies. The terms were: (patients OR survivors AND hospitali*
AND inflammation OR inflammatory AND psych* OR de-
pressive OR depression) AND Covid-19. For PubMed, CO-
VID-19 filters from PubMed Clinical Queries were used to
refine the search. We followed the PRISMA guidelines (Sup-
plementary Tab. 1), although the study protocol was not
registered.

Titles and abstracts were screened for eligibility, and du-
plicate references were removed manually. The process of
retrieving and reviewing full-text articles for inclusion,
conducted by two researchers (ALW, KOT), involved dis-
cussions, consensus-building, and consultations with
a third researcher (BBK) in case of disagreements, with rea-
sons for exclusion being collected.

Data collection

Two independently working researchers (ALW, KOT)
conducted data extraction using an extraction form that
was previously pilot tested on randomly selected studies.
Further information from the authors of the studies was not
required, as the data was found in supplementary materials.
Descriptive variables were extracted as follows: reference ID,
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country, study design, sample size (at each investigated time
point), mean age, number of male participants, outcomes,
depression assessment tools and cut-off scores, population
studied, number of depression cases, depression assessment
timepoints, and main findings related to depression. Addi-
tionally, we extracted the mean, standard deviation, medi-
an, and range (if available) for inflammatory marker levels.

Methods of outcome measurement

Depression

The inclusion criteria for the studies were narrowed to en-
sure that depression assessment was conducted with relia-
ble tools such as the Hospital Anxiety and Depression Scale
(HADS) (Zigmond and Snaith, 1983), Beck Depression In-
ventory (BDI) (Beck et al., 1961; Beck et al., 1996), and the
Patient Health Questionnaire (PHQ) (Kroenke et al., 2001).
In two papers (Mazza et al., 2020, 2021), Zung Self-Rating
Depression Scale (ZSDS) (Zung, 1965) was used alongside
the BDI-13. For this review, we operationalised depression
as a patient’s reported symptoms severity ranking above the
scale’s cut-off score.

Inflammation

Included studies should report baseline or peak inflamma-
tory marker levels measured in blood during patient hos-
pitalisation. We included studies reporting the following
parameters: systemic immune-inflammation index (SII),
neutrophil/lymphocyte ratio (NLR), monocyte/lympho-
cyte ratio (MLR), C-reactive protein (CRP), interleukin 1f
(IL-1p), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin
10 (IL-10), tumour necrosis factor-a (TNF-a), erythrocyte
sedimentation rate (ESR), white blood cell (WBC) count,
neutrophil, lymphocyte, platelet, D-dimer, procalcitonin, fer-
ritin, fibrinogen, and lactate dehydrogenase (LDH).

Timepoint of outcome assessment

We categorised the included studies based on whether they
measured depression during hospitalisation and/or after
discharge, collecting data on follow-up timepoints. We took
the length of follow-ups after discharge into consideration
when interpreting the data to examine short- and long-term
effects. In studies reporting multiple psychiatric outcomes,
measures of depression were prioritised.

Study risk of bias assessment - assessment
of methodological quality

Two researchers (ALW, KOT) independently assessed the
included studies to determine potential bias in the study
design, using the Joanna Briggs Institute (JBI) critical ap-
praisal checklists for analytical cross-sectional studies and
cohort studies (Aromataris et al., 2020; Moola et al., 2020).
In cases of disagreements, consensus was reached through
discussion or consultation with a third researcher (BBK), if
necessary. High-methodological-quality studies met >80%
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of the criteria; moderate-quality studies met at least 50%
but less than 80% of the criteria. There were no low-quali-
ty studies meeting <50% of the criteria. Overall, 29 studies
were deemed to be of high quality (Supplementary Tab. 2).
Assessed domains in each checklist are listed in the JBI
Manual for Evidence Synthesis (Aromataris et al., 2020).

Effect measures, synthesis method,
and reporting bias assessment

For at least mild and at least moderate depression, the pro-
portions of prevalence were extracted from eligible studies.
The inverse variance method and the generalised linear
mixed model (GLMM) were applied to determine the over-
all effect size with 95% confidence interval (CI) for each
outcome separately. For individual studies, CIs were com-
puted with the Clopper—Pearson technique, and Freeman—
Tukey double arcsine (F-T) transformation was implement-
ed before pooling the proportions. Subgroup analyses were
performed based on the time since hospitalisation when de-
pression was measured (i.e. during hospitalisation, up to
6 months after discharge, and at least 6 months after dis-
charge) and the depression assessment tool used (BDI,
HADS-D, PHQ) as grouping variables. Differences between
subgroups were assessed using meta-regression analyses by
incorporating each of the moderators into separate models.
The robustness of the pooled estimates was checked via in-
fluential analyses in which one study at a time was omitted
to assess its impact on the overall effect. Publication bias
was tested by Egger’s regression test and by visual inspec-
tion of the funnel plots where the F-T transformed propor-
tions were plotted against their standard errors.
Additionally, studies reporting inflammation in association
with depression were planned to be grouped for separate
analysis. We calculated both common and random effects
estimates for meta-analyses with inflammation markers us-
ing inverse variance weighting for pooling. To test the dif-
ferences between groups of patients with and without de-
pression symptoms, we used the unstandardised mean
score as the measure of effect size. Only for CRP and NLR
were there at least three studies available with the detailed
parameters needed for the computation of mean differences
(MD). Specifically, for this purpose within each group we
extracted the number of participants, mean and standard
deviation for each continuous outcome (CRP and NLR) or
other data sufficient for recalculation (e.g. confidence in-
tervals, standard errors, medians with ranges/quartiles).
Relevant transformations were conducted using standard
mathematical procedures (Hozo et al., 2005). In one study
(Guo et al., 2020), inflammatory marker measurements in
two time points were available; therefore, for compatibility
with the remaining studies, only that one which was report-
ed 15 days after discharge was chosen, while data collected
during hospitalisation was omitted. Due to the very limited
number of studies included (three studies), we did not for-
mally check regression using Egger’s test.
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Identification of studies via databases and registers

Identification of studies via other methods

Records identified from databases Records identified from:
5 upto 1June 2023 (n=4,117): Eiﬁgerﬂisn%ofg t;egfg;.e - Citation searching (n = 54)
B -EBSCO (n=131) : .
£ e - Dupllcates(’rTeTg\g;d manually
s . i = -
S Medline (n B 116) « Records removed for other
= « Psycinfo (n = 410) reasons {n=3,624)
« PubMed (n=1,574) !
Records screened | |  Recordsexduded manually
(n=425) (n=163)
¢ A
Reports sought for retrieval | Reports not retrieved Reports sought for retrieval | | Reports not retrieved
(n=262) (n=206) (n=>54) (n=25)
Reports assessed for eligibility | Reports excluded (n = 39): Reports assessed for eligibility | 5 Reports excluded (n = 16):
(n=56) « No publication type of interest (n=29) « No study design of interest
(n=1) (n=4)
«No outcome of interest (n = 33) «No outcome of interest (n = 12)
«No study design of interest
=2
«No population of interest (n = 3)
\4
Reports of induded studies |
(n=30)

From: Page MJ, McKenzie JE, Bossuyt PM et al.: The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021; 372: n71.

For more information: http://www.prisma-statement.org/
Fig. 1. PRISMA 2020 flow diagram for the selection process

In the meta-analysis of proportions of depression and mean
differences between inflammatory markers, both the fixed
effects and the random-effects model with DerSimonian
and Laird’s estimator of between-study variance were ap-
plied. Heterogeneity between studies was estimated using
P statistic and Cochran’s Q test. We considered the pres-
ence of significant heterogeneity when p < 0.10 and I* val-
ue of 25%, 50%, and 75% indicated low, moderate, and high
heterogeneity, respectively (Higgins et al., 2019). The meta-
analysis was conducted using the “meta” package (Balduzzi
etal., 2019) and R project version 4.3.0.

RESULTS
Characteristics of included studies

The study search resulted in 4,117 references. After dupli-
cates were removed, a total of 3,624 references were excluded
during the title screening process as irrelevant to the subject
of this review. Selection after the title-abstract screening pro-
cess resulted in 56 references eligible for full-text screening.
Of these, we excluded 39 studies for the following reasons:
not reporting the outcome of interest (n = 33); not report-
ing the population of interest (# = 3); not having the study
design of interest (n = 2); and one article was excluded
for publication type reason. Additionally, 13 studies were

© PSYCHIATR PSYCHOL KLIN 2024, 24 (2), 136-151

included after the selection process of records identified
from reference list searches. The selection process resulted
in the inclusion of 30 articles (Fig. 1).

Depression during hospitalisation was reported in 11 arti-
cles (Boyraz et al., 2022; Fiore et al., 2021; Guo et al., 2020,
Hu et al., 2020; Kahve et al., 2021; Kang et al., 2021; Li et al.,
2021; Ngasa et al., 2021; Satapathy et al., 2020; Tuna et
al., 2023; Zhang et al., 2020). Depression measured before
6 months from hospital discharge was reported in 16 arti-
cles (Beck et al.,, 2021; Chen et al., 2021; Demiryiirek et al.,
2022; Fiore et al., 2021; Gramaglia et al., 2021; Houben-
Wilke et al., 2022; Huang et al., 2022; Imran et al., 2021;
Liu et al., 2020; Mazza et al., 2020, 2021; Méndez et al,,
2021; Poyraz et al., 2021; Raman et al., 2021; Vlake et al.,
2021; Xiao et al., 2022). Five of the included studies re-
ported on depression in COVID-19 patients 6 months
post-discharge (Boyraz et al., 2022; Damiano et al., 2022;
Gramaglia et al., 2022; Huang et al., 2022; Huarcaya- Vic-
toria et al., 2023). The follow-up time ranged from 8 (Hua-
rcaya-Victoria et al., 2023) to 22 months (Boyraz et al.,
2022). In cohort studies reporting two follow-up time-
points, we included only data for the latter follow-ups in
this section.

Study characteristics, including study settings, design, and
depression assessment timepoints are summarised in Tab. 1,
and study outcomes are summarised in Tab. 2.
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centre

Depression
Study Setting Study design ilaz':'(’); Age, years Malgyc)ases assessment, Outcomes
o cut-off scores
Beck etal. (2021) Switzerland Prospective 16 | Mean382 1 4 (60.3) | HADS-D =8 Depression, anxiety, PTSD
’ observational cohort (5D 16.35) ’ = ! !
Boyraz et al. (2022) Turkey Retrospective cohort 172 '\?Segq 35 3632)3 83(48.3) HADS-D >7 Depression, anxiety
Mean 39.40 Depression, PTSD, anxiety, trauma
Chenetal. (2021) China Cross-sectional 898 (5D 14 0'5) 382 (42.5) PHQ-9>10 exposure, resilience, perceived social
) support
Damiano et al. (2022) Brazil Observational cohort 425 h{lsegr}‘fSZ; 219(51.53) | HADS-D >8 Psychiatric and cognitive impairment
-~ Centi Median 63 Depression, anxiety and inflammatory
Demiryiirek et al. (2022) Turkey Cross-sectional 109 (52-72) 56 (51) BDI =17 biomarkers
- Depression, sleep impairment,
Fiore et al. (2021) Italy h?gr?(l)tcue?:tnr?cl 48 Pgﬂ;% 32(66.7) BDI-Il >20 comorbidities other stressors and
’ inflammation markers
Gramaglia et al. (2021) Italy Prospective 238 Néggf;f; 142 (59.7) BDI-Il>13 | Depression, anxiety, PTS, and resilience
- . Depression, anxiety, PTS, peritraumatic
Gramaglia et al. (2022) Italy Longitudinal 196 | Median615 | 105 619) | pDLI>T3 distress in relation to COVID-19
monocentric (51.0-70.5) h
pandemic
. . Mean 42.50 g Depression, anxiety, PTSS and
Guo et al. (2020) China Mixed method 103 (5D 12.53) 59(57.3) PHQ-9 >5 peripheral inflammatory biomarkers
- Netherlands, Longitudinal Median 50 . )
Houben-Wilke et al. (2022) Belgium observational 239 (39-56) 41(17.2) HADS-D >8 Depression, PTSD, anxiety
Mean 48.8 Depression, anxiety, insomnia,
Hu et al. (2020) China Cross-sectional 85 (SD14 3') 43(51.5) PHQ-9 =5 self-perceived illness severity
) and inflammatory markers
Mean 56.23 Depression, PTSD, anxiety, and
Huang et al. (2022) China Cohort 51 (D12 1'8) 265(51.9) PHQ-9 >9 resilience, perceived social support,
’ personality traits
L . . Depression, anxiety, somatic
Huarcaya-Victoria et al. (ross-sectional single Mean 53.1 ’ ?
(2023) Peru centre 318 (51.8-54.4) 196 (61.3) PHQ-9 =5 symptoms, PTSDT and inflammatory
variables
United Arab Prospective cross- Median 40 . .
Imran et al. (2021) Emirates sectional multicentric 103 (23-60) 69 (67) PHQ-9 =10 Depression, anxiety, PTSD
ot Mean 52.2 Depression, anxiety, and inflammatory
Kahve et al. (2021) Turkey Cross-sectional 175 (5D 12.6) 106 (60.6) BDI =17 markers
. Depression, anxiety, PTSD, suicidal
Kang et al. (2021) Korea Egzgﬁigigrl\‘laﬁ 107 NR 51(47.7) PHQ-9 =5 ideation, somatic symptoms,
COVID-19 stigma
Lietal. (2021) China Cross-sectional 99 M?g(')a_"%; A 54 (54.5) HADS-D >8 Depression, anxiety, and dyspnoea
. . ) Median 55 ) :
Liu et al. (2020) China Cross-sectional 675 (10Q = 41.66) 317 (47) PHQ-9 =10 Depression, anxiety, PTSD
Depression, PTSD, anxiety, insomnia,
carti Mean 57.8 . obsessive-compulsive symptoms,
Mazza et al. (2020) Italy Cross-sectional 402 (18-87) 265(63.68) | BDI-13>9 social support, and inflammatory
markers
Depression, PTSD, anxiety, insomnia,
. Mean 58.52 i obsessive-compulsive symptoms;
Mazza et al. (2021) Italy Prospective 226 (50 12.79) 149 (65.92) BDI-13 =9 cognitive functions and inflammatory
markers
Median 57 Depression, anxiety, PTSD;
Méndez et al. (2021) Spain Cross-sectional 179 (49, 67)? 105 (58.7) PHQ-2 >3 neurocognitive functions
' and quality of life
Ngasa et al. (2021) Cameroon Cross-sectional single 285 Mean 48.47 193 (67.72) | HADS-D >11 Symptoms: depression, anxiety
’ centre (5D 16.01) ) ) !
ot Mean 39.7 : Depression, psychological distress,
Poyraz et al. (2021) Turkey Cross-sectional 284 (50 12.7) 140(50.2) | HADS-D =10 perceived social support
Raman etal. (2021) Great Britain (ross-sectional single 58 554(13.2) | 34(586) PHQ-9 210 Depression, anxiety, quality of life and

symptom (dyspnoea, fatigue) burden
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Depression
Study Setting Study design ngple Age, years Maleocases assessment, Outcomes
size (n) (%) cut-off scores
" Prospective Mean 35.94 I Depression, anxiety, psychological
Satapathy et al. (2020) India observational 446 (8D11.71) 350(785) | HADS-D =8 distress, perceived social support
Sharma et al. (2021) India Cross-sectional 135 Mean 41.86 91(67.4) PHQ-9 =5 Depression
(5D 15.09)
(ross-sectional single Mean 52.8 . .
Tuna et al. (2023) Turkey centre 238 (SD17.6) 122 (51.3) HADS-D >8 Depression, anxiety
Observational cohort Median 61 I Depression, PTSD, anxiety,
Vlake et al. (2021) Netherlands multicentre 118 (36-77) 79 (68) HADS-D =8 and quality of lfe
) " carti Mean 42.72 y Depression, anxiety,
Xiao etal. (2022) China Cross-sectional 199 (SD17.53) 93 (46.7) PHQ-9 =5 posttraumatic growth
. Cross-sectional . . -

Zhang et al. (2020) China descriptive correlational 296 NR 173 (58.4) HADS-D >8 Depression, anxiety, resilience
"Mean and 95% confidence intervals.
21, 34 quartile.
BDI — Beck Depression Inventory; BDI-Il — Beck Depression Inventory-II; BDI-13 — Beck Depression Inventory-13; HADS-D — Hospital Anxiety and Depression Scale;
NR — not reported; PHQ-2 — Patient Health Questionnaire-2; PHQ-9 — Patient Health Questionnaire-9; PTS — post-traumatic stress; PTSD — post-traumatic stress disorder;
PTSS — post-traumatic stress symptoms.

Tab. 1. Characteristics of included studies (cont.)

Pooled proportion of depression symptoms

In the main analysis, we examined moderate or severe de-
pression as an outcome. We meta-analysed fifteen indi-
vidual estimates of depression (at moderate or severe lev-
el) based on data from 5,316 participants who experienced
1,173 events. The overall proportion was estimated at 0.21
(95% CI: 0.13-0.31), and significant heterogeneity between
individual studies was detected (I = 98.0%, Ppeier < 0.01).
Subgroup analyses showed that the occurrence of moder-
ate or severe depression decreased with increasing time after
hospitalisation (p,ee.eq = 0.30, 95% CI: 0.07-0.61 during hos-
pitalisation, pog.q = 0.18, 95% CI: 0.13-0.23 in studies with
measurements undertaken up to 6 months after discharge
and p,eq = 0.12, 95% CI: 0.09-0.14 in studies with measure-
ments undertaken at least 6 months after discharge) (Fig. 2).
There was no difference between studies using various tools
to measure depression (Supplementary Fig. 1). Only after re-
stricting to the subgroup of studies in which depression was
measured at least 6 months after discharge was the heteroge-
neity significantly reduced (I* = 0%). Influential analysis de-
picted the stability of the findings, with the overall propor-
tion oscillating between 0.17 and 0.23 (within a confidence
interval range of 0.12 to 0.33) (Supplementary Fig. 2). Funnel
plots did not show evidence of asymmetry, in agreement with
the result of Egger’s test (p = 0.695) (Supplementary Fig. 3).

Additionally, a sensitivity analysis with mild, moderate, or
severe depression as an outcome was conducted. Based on
21 included studies, the overall proportion of depression
was estimated at 0.35, with 95% CI: 0.23-0.48 (Supplemen-
tary Fig. 4). The results of subgroup analyses were generally
in agreement with the main analysis. A trend of decreasing
proportion of depression across three sequential catego-
ries of time after diagnosis was found: (p,oeeq = 0.47, 95%
CI: 0.23-0.73 during hospitalisation, p,,q.q = 0.30, 95% CI:
0.08-0.58 up to 6 months after discharge and p,,q.q = 0.24,

© PSYCHIATR PSYCHOL KLIN 2024, 24 (2), 136-151

95% CI: 0.14-0.35 at least 6 months after discharge) (Sup-
plementary Fig. 4). However, no significant differences
were detected between subgroups of time after hospitali-
sation (p = 0.24), nor between tools used to assess depres-
sion (p = 0.86) (Supplementary Fig. 4 and Supplementary
Fig. 5). There were no signs of small-study effects (Egg-
er’s test p = 0.620), and no influential points were detected
(Supplementary Fig. 6). Details were presented in the sup-
plementary materials.

Inflammatory markers

Eight articles (Demiryiirek et al., 2022; Guo et al., 2020;
Hu et al., 2020; Huarcaya-Victoria et al., 2023; Kahve et al.,
2021; Mazza et al., 2020, 2021; Raman et al., 2021) inves-
tigated the association between depression and inflam-
mation in COVID-19 patients during and after hospital-
isation. The subsequent paragraphs provide the detailed
outcomes.

Systemic immune-inflammation index (Sll)
Associations between SII and depression were reported in
three papers (Demiryiirek et al., 2022; Mazza et al., 2020,
2021). According to Demiryiirek et al. (2022), at 15 days
follow-up, the mean baseline SII score was higher in pa-
tients with depression compared to those without depres-
sion (p = 0.032). However, there was no significant asso-
ciation between inflammatory parameters and BDI scores
(p = 0.363) in patients with depression. At one month fol-
low-up, Mazza et al. (2020) found a significant baseline
SII influence on the patients’ current psychopathologi-
cal status (p = 0.0357). Consistent with these results, at the
three-month follow-up, baseline SII predicted depressive
symptoms, and changes in SII predicted changes in both
measures of depression scores (p = 0.0013 and p = 0.0204
for BDI-13 and ZSDS, respectively) (Mazza et al.,, 2021).
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Tab. 2. Outcome findings (cont.)
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COVID-19 patients reported less severe symptoms
of depression than the historical critical illness cohort

The proportions of depressive symptoms <5, =5 and <10,
>10 were 76.9%, 12.0% and 11.1%, respectively. Receiving
mental health care services during hospitalisation, somatic
symptoms after discharge, perceived impact of being infected
with COVID-19, and perceived affiliate stigma were significantly

psychosodial factors had relatively stronger associations with
depression than pre-hospitalisation and hospitalisation factors

associated with probable depression. Post-hospitalisation and

Approximately 18.6% of the patients had depression
(subthreshold depression and major depression). Risk factors

for depression: having family members with COVID-19.
Resilience was inversely associated with and was a protective

factor for both anxiety and depression
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Depression Scale — Anxiety; HADS-D — Hospital Anxiety and Depression Scale — Depression; IL-6 — interleukin 6; LDH — lactate dehydrogenase; MLR — monocyte/lymphocyte ratio; MRC — Medical Research Council; N/A — not available;

NLR — neutrophil/lymphocyte ratio; PHQ — Patient Health Questionnaire; PHQ-2 — Patient Health Questionnaire-2; PHQ-9 — Patient Health Questionnaire-9; PRa — adjusted prevalence ratio; SES —socioeconomic status; SII — systemic

BAI — Beck Anxiety Inventory; BDI — Beck Depression Inventory; BDI-Il — Beck Depression Inventory-II; BDI-13 — Beck Depression Inventory-13; BMI — body mass index; CRP — C-reactive protein; HADS-A — Hospital Anxiety and
immune-inflammation index; TSQ — Trauma Screening Questionnaire; ZSDS — Zung Self-Rating Depression Scale.

Tab. 2. Outcome findings (cont.)
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Neutrophil/lymphocyte ratio (NLR)

and monocyte/lymphocyte ratio (MLR)

The role of the NLR in depression symptomatology was in-
vestigated in six papers (Demiryiirek et al., 2022; Hu et al,,
2020; Huarcaya- Victoria et al., 2023; Kahve et al., 2021; Maz-
za et al., 2020, 2021). Three articles reported on associations
between MLR and depression (Huarcaya-Victoria et al., 2023;
Mazza et al., 2020, 2021). In one study (Demiryiirek et al.,
2022), the mean NLR score in patients with depression was
higher than in patients without depression (p = 0.047).
Regarding the severity of depression symptoms, it was
found that NLR, measured upon hospital admission, was
significantly higher in patients with depressive symptoms
(p = 0.041) compared to those without clinically relevant
symptoms (Huarcaya-Victoria et al., 2023). Results of two
cross-sectional studies conducted during hospitalisation (Hu
et al,, 2020; Kahve et al., 2021) are contradictory. Baseline
NLR was not related to BDI scores in one study (p = 0.427)
(Kahve et al.,, 2021), while it was found to be significantly
related to PHQ-9 score for depression in the second study
(p < 0.01) (Hu et al., 2020). Baseline NLR and MLR did not
correlate with BDI-13 (p = 0.130 and p = 0.103) or with ZSDS
scores (p = 0.860, p = 0.761, respectively) at one month and
at three months follow-up (Mazza et al., 2020, 2021).

C-reactive protein (CRP)

Associations between CRP and depression were exam-
ined in seven articles (Demiryiirek et al., 2022; Guo et al.,
2020; Hu et al., 2020; Kahve et al., 2021; Mazza et al., 2020,
2021, Raman et al., 2021). There are discrepancies between
the results of two studies. In the first study (Demiryiirek
et al., 2022), baseline CRP levels were significantly high-
er in patients with depression (p < 0.001), while the differ-
ence between groups was not significant in the second study
(p=0.417) (Hu et al., 2020). During hospitalisation, no sig-
nificant correlation was found between CRP and BDI levels
(p =0.117) (Kahve et al., 2021). The PHQ-9 total score of
patients with depression symptoms was found to be signif-
icantly related to CRP levels (p = 0.003) (Guo et al., 2020).
Baseline CRP did not correlate with BDI-13 or with ZSDS
scores at one month (p = 0.098, p = 0.076, respectively) or at
the three-month follow-up (Mazza et al., 2020, 2021). Simi-
larly, at the 2-3-month follow-up (Raman et al., 2021), there
was no significant correlation between CRP and PHQ-9
scores (p = 0.16) in patients with depression. Interestingly,
a significant improvement in CRP levels was shown in pa-
tients without depression symptoms (p = 0.001), whereas
patients with depression symptoms did not show a signifi-
cant change (p = 0.179) (Guo et al., 2020).

Results of syntheses: inflammatory
markers and depression

The fixed effects model of meta-analysis of inflammatory
markers showed a difference between COVID-19 patients
with and without depression, with higher concentrations
of both CRP and NLR detected among those experiencing
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Weight Weight
Study Events Total Proportion  95%-Cl (common) (random)
During hospitalisation -
Ngasa et al. (2021) 232 285 : —= 0.81 [0.76; 0.86] 6.6% 6.8%
Fiore et al. (2021) 16 48 B 0.33 [0.20; 0.48] 1.1% 6.2%
Lietal (2021) 29 99 —— 0.29 [0.21; 0.39] 2.3% 6.5%
Tuna et al. (2023) 61 238 :~+— 0.26 [0.20; 0.32] 56% 6.8%
Kang et al_ (2021) 17 107 —= 0.16 [0.10: 0.24] 25% 6.6%
Satapathy et al. (2020) 25 446 = i 0.06 [0.04; 0.08] 10.4% 6.8%
Common effect model 1223 : < 0.28 [0.26; 0.31] 28.6% m—
Random effects model —_— 0.30 [0.07; 0.61] — 39.7%
Heterogeneity: I© = 99%, 1 D.1476, p <0.01 E
Up to 6 months after discharge '
Demiryirek et al. (2022) 38 109 : — 0.35 [0.26; 0.45] 2.6% 6.6%
Chen et al. (2021) 189 898 == 0.21 [0.18; 0.24] 20.9% 6.9%
Raman et al. (2021) 11 58 —«-— 0.19 [0.10; 0.31] 1.4% 6.3%
Liu et al. (2020) 128 675 L 0.19 [0.16; 0.22] 15.7% 6.9%
Poyraz et al. (2021) 53 284 —-— 0.19 [0.14; 0.24] 6.6% 6.8%
Mazza et al. (2021) 20 226 = 0.09 [0.05; 0.13] 5.3% 6.8%
Imran et al. (2021) 7 103 =— | 0.07 [0.03; 0.14] 2.4% 6.6%
Common effect model 2353 OE 0.19 [0.17; 0.20] 54.9% -
Random effects model - 0.18 [0.13; 0.23] - 46.7%
Heterogeneity: |- = 88%, 1~ = 0.0062, p < 0.01 i
At least 6 months after discharge :
Huang et al. (2022) 61 511 & : 0.12 [0.09; 0.15] 11.9% 6.8%
Xiao et al. (2022) 2 199 = 0.11 [0.07; 0.16] 4.6% 6.7%
Common effect model 710 & : 0.12 [0.09; 0.14] 16.6% —
Random effects model < : 0.12 [0.09; 0.14] — 13.6%
Heterogeneity: /= 0%, T =0, p =0.78 :
Common effect model 4286 é 0.20 [0.19; 0.21]  100.0% -
Random effects model i 0.21 [0.13; 0.31] --  100.0%
[ 1 T 1
Heterogeneity: 1> = 98%, 1= 0.0443, p <001 02 04 06 08
Test for subgroup differences (common effect): p <0.01
Test for subgroup differences (random effects): p = 0.04
Fig. 2. Proportions of moderate or severe depression in individual studies and pooled results by time after hospitalisation
A
Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%—Cl (common) (random)
Demiryirek et al. (2022) 38 86.10 30.00 71 17.70 6.00 | —=- 6840 [58.76;78.04] 285% 33.5%
Guo et al. (2020) 62 1061 2129 41 637 13.24 = 424 [-243;1091] 595%  33.7%
Hu et al. (2020) 39 10.00 33.50 46 12.00 36.30 —— -2.00 [-16.85; 12.85] 120%  32.8%
Common effect model 139 158 <:> 21.77 [16.63; 26.92] 100.0% .
Random effects model 23.67 [-21.41; 68.75] --  100.0%
Heterogeneity 12 = 98%, T° = 1556.1939, p < 0.01
-50 0
B
Experimental Control Weight Weight
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl (common) (random)
Huarcaya—Victona et al. (2023) 96 1140 1325 222 852 684 —i—'— 2.88 [0.08;5.68] 4 4% 18.3%
Demiryirek et al. (2022) 38 820 250 71 6.10 1.00 - 210 [1.27,293] 504%  412%
Hu et al. (2020) 39 200 239 46 170 156 —'— 0.30 [-0.58;1.18] 452%  406%
Common effect model 173 339 1.32 [0.73;1.91] 100.0% ==
Random effects model [ 1.51 [-0.02; 3.04] — 100.0%
Heterogeneity: I° = 80%, T° = 1.3041, p < 0.01 ' ' '
-4 -2 0 4

Fig. 3. Mean differences of A. CRP, B. NLR between the experimental (patients with depression symptoms) and control (patients without

depression symptoms) groups
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mental disturbances. However, in the random effects mod-
el, the findings for CRP lost significance, and those for NLR
were on the boundary of significance (p = 0.053) (Fig. 3).
Influential analysis revealed that omitting the study by
Demiryiirek et al. (2022) from the CRP analysis and the
study by Hu et al. (2020) from the NLR analysis reduced het-
erogeneity to 0%, with estimated results MD = 3.19, 95% CI:
-2.89-9.28, p = 0.304 and MD = 2.16, 95% CI: 1.37-2.96,
p <0.001, respectively, showing robust findings only for NLR.

DISCUSSION

Depression symptoms in COVID-19 patients

According to evidence (Mazza et al., 2023), the prevalence
of depression in COVID-19 patients is around 30%; there-
fore the research on this group should be prioritised. Fur-
thermore, we should evaluate the prevalence of depression,
considering the infection stage and the severity of depres-
sion symptoms. Rogers et al. (2020) grouped data in such
a manner, finding evidence for improved depression symp-
toms over time; however, preliminary data for COVID-19
patients restricted the conclusions for this group.

To our knowledge, only three of the meta-analyses conducted to
date stratified the data by the severity of depression symptoms or
the stage of SARS-CoV-2 infection (Deng et al., 2021; Lao et al,,
2020; Liu et al., 2021). Lao et al. (2020) found that the prevalence
of depression symptoms was 44% (95% CI: 30-57%) in hospi-
talised, and 55% (95% CI: 34-77%) in discharged patients. Sub-
group analysis based on depression severity showed a decreasing
trend of prevalence: 31% (95% CI: 19-43%) for mild, 13% (95%
CI: 11-15%) for moderate, and 5% (95% CI: 2-8%) for severe.
In the meta-analysis conducted by Deng et al. (2021), the pooled
prevalence of depression was 45% (95% CI: 37-54%), and no
significant differences in depression prevalence between inpa-
tients and outpatients (p = 0.16) were found. Compared to this
result, in the meta-analysis performed by Liu et al. (2021), the
pooled prevalence of depression was estimated at 38% (95% CL:
25-51%). The pooled prevalence in terms of symptom severity
was 29%, 17% and 10% for mild, moderate, and severe depres-
sion, respectively. The prevalence of depression in the acute stage
of the COVID-19 was 42% and 14% in the post-illness stage,
showing an improvement in symptoms with time.

In our analysis, the estimated 0.22 (95% CI: 0.15-0.30) pro-
portion of at least moderate depression symptoms was lower
compared to the aforementioned studies. Subgroup analyses
showed that the occurrence of moderate or severe depression
decreased with increasing time after hospitalisation, what is
in line with the results of Liu et al. (2021) and Rogers et al.
(2020). Our results contradict the evidence of a higher de-
pression burden after hospital discharge (Lao et al., 2020) and
the results of Deng et al. (2021). However, it should be tak-
en into consideration that in the study by Deng et al. (2021)
only one study reported depression prevalence for outpa-
tients, and in the meta-analysis by Lao et al. (2020), publi-
cation bias analysis or meta-regression were not conducted.

DOI: 10.15557/PiPK.2024.0018

Relationship between inflammation
and depression in COVID-19

Research based on the inflammatory theory of depression
explores three causal pathways: depression causing inflam-
mation, inflammation causing depression, and bidirectional
relationships (Howren et al., 2009). Elevated pro-inflamma-
tory cytokines are linked to specific symptoms of depressive
disorder, including decreased mood, anhedonia, somatic fa-
tigue, and alterations in sleep and appetite (Harsanyi et al.,
2022; Kappelmann et al., 2021; Milaneschi et al., 2021).
The COVID-19 pandemic has set new directions for re-
search into the inflammatory mechanisms underlying the
development of depression. Studies investigating the patho-
physiology of COVID-19 provide evidence for oxidative
stress, peripheral hyperinflammation, and neuroinflam-
mation in the development and progression of depression
symptoms (Mingoti et al., 2022). Specifically, the inflamma-
tory cytokines and type 2 angiotensin converting enzyme
(ACE-2) receptors are hypothesised to play a role of a com-
mon pathophysiological mechanism between COVID-19
and depression (da Silva Lopes et al., 2021). Our analysis
showed a difference between groups, with higher levels of
CRP and NLR in COVID-19 patients experiencing depres-
sion symptoms; however, in random effects models, only
NLR remained on the boundary of significance (p = 0.053).
The clinical picture of depression is heterogeneous, and
low-grade inflammation is not a generalised feature of de-
pression. Moreover, inflammation is usually associated with
atypical symptoms, and depressed patients with melanchol-
ic features may show an anti-inflammatory profile, for in-
stance, with a normal or slightly elevated CRP levels (Del
Giudice and Gangestad, 2018).

Strengths and limitations of the evidence
and review processes

In this review, the severity of depressive symptoms in pa-
tients hospitalised with COVID-19 was taken into consid-
eration, along with the link between inflammation and de-
pression. This provides for a thorough examination of the
subject matter. However, this study also has certain limita-
tions. First, we detected very high heterogeneity between
individual studies. Second, regarding the associations be-
tween depression and different inflammatory markers, only
for CRP and NLR there were at least three studies with de-
tailed parameters available for computation, limiting the
generalisation of our findings.

Implications of study results for practice,
policy, and future research

Future research should track the trajectory of depression
symptoms over time to distinguish depressed mood as
part of a stress response and the development of major de-
pressive disorder (MDD) after experiencing a potentially
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life-threatening event such as SARS-CoV-2 infection.
Patients with COVID-19 should be screened for depres-
sion not only during hospitalisation, but also after dis-
charge. Furthermore, as screening tools tend to generate
higher prevalence estimates than those obtained from di-
agnostic interviews (Levis et al., 2019), complementing self-
report questionnaires with interviews conducted by profes-
sionals is worth considering. Interviewing patients could
also help identify atypical depression symptoms associat-
ed with elevated inflammatory markers (Del Giudice and
Gangestad, 2018).

Researchers should focus on understanding how the dys-
regulation of the immune system contributes to the de-
velopment and persistence of depression symptoms in
COVID-19 patients. Routine testing for inflammatory
markers like CRP or NLR may help track the progression
of viral infection; however, it may also serve as a predictor
of depression. COVID-19 patients experiencing depression
may benefit from antidepressant medication, though it is
worth investigating whether anti-inflammatory treatment
could support the alleviation of depression symptoms or
prevent relapse.

CONCLUSIONS

This systematic review provides a comprehensive meta-
analysis of the prevalence of depression in COVID-19 pa-
tients during hospitalisation and after hospital discharge,
and the moderating effects of inflammatory markers.
According to our results, the proportion of depression de-
creases over time after a COVID-19 diagnosis. However, the
relationship between depression and inflammation requires
further research, with NLR emerging as the most promising
marker for future research.
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