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Abstract

Psychiatric symptoms have been frequently reported in patients affected by COVID-19, both as new occurring and recur-
rences of pre-existing diseases. Depressive symptoms are estimated to affect at least 30% of patients following infection, with
specific physical and cognitive features and relevant immune-inflammatory alterations. This study aimed to retrospectively
characterize post-COVID-19 first-onset and recurrent major depressive episodes (MDE) and to evaluate the effects of anti-
depressants on physical and cognitive correlates of depression, in addition to mood, anxiety, and underlying inflammatory
status. We evaluated 116 patients (44.8% males, 51.1+ 17 years) with post-COVID-19 first-onset (38.8%) and recurrent
(61.2%) MDE at baseline and after one- and three-month treatment with antidepressants (31% SSRIs, 25.9% SNRIs, 43.1%
others). We assessed sociodemographic and clinical features and psychopathological dimensions through: Hamilton Depres-
sion and Anxiety Rating Scales; Short Form-36 Health Survey Questionnaire; Perceived Deficits Questionnaire-Depression
5-items. The systemic immune-inflammatory index was calculated to measure inflammation levels. Alongside the reduc-
tion of depression and anxiety (p <0.001), physical and cognitive symptoms improved (p < 0.001) and inflammatory levels
decreased (p <0.001) throughout treatment in both groups. Post-COVID-19 recurrent MDE showed a significantly more
severe course of physical and cognitive symptoms and persistently higher levels of inflammation than first-onset episodes.
Antidepressants proved to be effective in both post-COVID-19 first-onset and recurrent MDE. However, a sustained inflam-
matory status might blunt treatment response in patients with recurrent depression in terms of physical correlates and
cognition. Therefore, personalized approaches, possibly involving combinations with anti-inflammatory compounds, could
promote better outcomes in this clinical population.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic has
largely affected mental health worldwide [1], and the long-
term sequelae of SARS-CoV-2 infection have increasingly
raised attention because of their high prevalence and health-
Marco Di Nicola and Maria Pepe share first authorship. care and socioeconomic impact [2]. It is estimated that about
one-third of patients recovering from COVID-19 display a
wide range of symptoms enduring after the acute phase, with
frequent neuropsychiatric manifestations [3-5].
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for worse COVID-19 outcomes, higher mortality rates, and
long-term residual symptoms [6, 7].

Depressive symptoms are among the most frequently
reported sequelae of infection, affecting approximately
30-40% of patients at different follow-ups [8], and are char-
acterized by prominent cognitive and physio-somatic cor-
relates, with a detrimental impact on overall functioning and
quality of life [9]. Specifically, post-COVID-19 depressive
symptoms have been found to strongly correlate with cogni-
tive impairments (e.g., attention/concentration, memory, and
processing speed) and fatigue, and all these features were
associated with increased inflammatory markers at least at
baseline assessment [10].

Among the mechanisms underlying COVID-19-related
neuropsychiatric alterations, such as the indirect damage to
the nervous system and/or a potential direct neurotropism
of SARS-CoV-2 [11, 12], the virus-induced systemic
immune-inflammatory response has been proposed as the
main underpinning of post-COVID-19 long-term symp-
tomatology, including depression and anxiety [5]. Growing
evidence described the association between mood disorders
and immune-inflammatory activation manifested through
increased levels of inflammatory indexes [13], and inflam-
matory processes have been, to some extent, correlated
with recurrence of episodes [14—16]. Thus, according to the
involvement of neuroinflammation in the pathophysiology
of mental illnesses, it has been proposed that a psychiatric
history could further promote inflammation during and after
SARS-CoV-2 infection and result in more severe depressive
and anxious symptoms and a greater unlikelihood of recov-
ery in the short time [6].

Immune-modulatory effects have been reported for most
antidepressants and emerging literature described the anti-
inflammatory and antiviral properties of these compounds
in the treatment of SARS-CoV-2 infection [17, 18]. Consist-
ently, several antidepressants were shown to be effective in
treating post-COVID-19 depression at short- and medium-
term follow-up [17, 19], with similar improvements in both
first-onset and recurrent depressive episodes [20]. These
observations led to hypothesize that response to antidepres-
sants in this clinical population could be mediated, at least
in part, by their ability to modulate neuroinflammation trig-
gered by SARS-CoV-2 [9].

Despite increasing evidence on post-COVID-19 depres-
sion, less is known about the clinical course and treatment
response of physical and cognitive correlates that represent a
critical issue in the management of this condition and hinder
full functional recovery [4, 9, 10]. Also, whether the course
of post-COVID-19 depression, especially of physical and
cognitive symptoms, differs between subjects with and with-
out a psychiatric history still needs further clarification [6].

In this study, we assumed that subjects diagnosed with
post-COVID-19 recurrent depression would display more
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severe clinical features than patients at their first occurrence.
Also, we hypothesized that first-onset and recurrent episodes
would differentially respond to pharmacological treatment.
Therefore, we aimed to retrospectively investigate differ-
ences in the symptomatic course and the response to antide-
pressants between patients with post-COVID-19 first-onset
and recurrent major depressive episodes (MDE), primarily
focusing on physical and cognitive symptoms. The underly-
ing inflammatory levels were also investigated.

Methods
Participants

Patients referred to the Fondazione Policlinico Universitario
“Agostino Gemelli” IRCCS in Rome between April 2020
and June 2022 were retrospectively evaluated. Inclusion
criteria were: age > 18 years; fluency in spoken and writ-
ten Italian; primary diagnosis of a major depressive episode
(MDE) according to DSM-5 criteria (APA, 2013) emerged
within the first 6 months following SARS-CoV-2 infection
as confirmed by a positive polymerase chain reaction test; at
least moderate symptoms according to Hamilton Depression
Rating Scale (HDRS) total score > 14 (APA, 2000); at least a
three-months treatment with a target dose of antidepressant,
flexibly dosed. Patients with recurrent MDE were consid-
ered eligible if being recovered from the last episode when
contracting SARS-CoV-2 infection. Exclusion criteria were:
current primary psychiatric diagnoses other than MDE;
psychotic features; current alcohol and/or substance abuse,
except for smoking; organic brain syndromes, neurocogni-
tive disorders, or significant cognitive impairment based on
a Mini-Mental State Examination (MMSE) score < 26; any
major medical conditions known to contribute to systemic
inflammation and that were not under maintenance phar-
macological treatment (i.e., not in remission and/or with
significant alterations of monitoring parameters).

Data collection: psychometric assessment
and clinical measurements

Data were obtained from measurements and assessments
performed at baseline and after 1 and 3 months of treatment
(endpoint) according to routine clinical practice.

Physical symptomatology was evaluated through a com-
bination of items of HDRS [21] and Hamilton Anxiety Rat-
ing Scale, HARS [22] referred to as “Physical Symptoms”,
and subscales of Short Form-36 Health Survey Question-
naire, SF-36 [23].

The physical symptoms of depression were assessed
through items 4, 5, 6 (early, middle, late insomnia), 11
(somatic anxiety), 12 (gastrointestinal), 13 (general somatic,
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including muscular pain, headache, and lack of energy), 14
(genital—both loss of libido and menstrual disturbances),
and 16 (loss of weight) of HDRS, and 7 (muscular pain), 8
(sensory), 9 (cardiovascular), 10 (respiratory), 11 (gastroin-
testinal), 12 (genitourinary) and 13 (autonomic) of HARS,
respectively [24].

SF-36 is a 36-item, self-reported survey of patients’
health consisting of eight scaled sections, each one rated
from O (worst health) to 100 (best health): bodily pain (BP);
general health perceptions (GHP); mental health (MH);
physical functioning (PF); role emotional, i.e., limitation
due to emotional problems (RE); role physical, i.e., limita-
tion due to physical health problems (RP); social functioning
(SF); vitality (VT). SF-36 subdomain scores were aggre-
gated into the summary measure physical component score
(PCS) to evaluate physical symptomatology, with higher
scores indicating less disability and a cut-off lower than 50
indicative of poor functioning [25-27].

Cognitive performance was assessed through the Per-
ceived Deficits Questionnaire-Depression 5-items, PDQ-D5
[28]. PDQ-DS5 served as a subjective measure of cognition,
with the total score ranging 0-20, wherein higher scores
indicate greater impairment in patients with depression in
the following domains: attention/concentration, planning/
organization, retrospective and prospective memory.

Additional assessment included the evaluation of depres-
sive symptoms and anxiety levels through the clinician-
rated 17-item HDRS and HARS. Patients were considered
responders when obtaining an improvement of at least 50%
of HDRS baseline scores and remitters when achieving a
total score <7 at the endpoint. Mood relapses were defined
as a new exacerbation of depressive symptoms (HDRS total
score > 14) after initial improvement.

Finally, white blood cell count was extracted from charts
and systemic immune-inflammatory index (SII, i.e., plate-
lets X neutrophils/lymphocytes) was calculated to measure
inflammation levels before and after one and three months
of treatment [10].

Statistical analysis

We subdivided our sample into patients with post-COVID-19
first-onset and recurrent MDE. Our primary outcome was to
evaluate the effect of antidepressant treatments on physical
symptomatology and cognitive performances with poten-
tial differences between post-COVID-19 first-onset and
recurrent MDE. Secondary outcome measures included the
course of depressive symptoms and anxiety levels alongside
changes in inflammatory indexes during the treatment period
and comparisons between the two groups of patients.
Descriptive data were summarized as the number of
patients and percentage (%) or mean + standard devia-
tion (M =+ SD) for categorical and continuous variables,

respectively. Comparisons between groups were obtained
using independent samples ¢ test for continuous variables
or Chi-square test/Fisher’s exact test for dichotomous vari-
ables. The outcome measures—the mean changes from
baseline to 1 and 3 months of each efficacy variable—were
analyzed using a mixed model for repeated measurements
(MMRM), including the baseline score as a continuous
covariate, and time, psychiatric diagnosis (first-onset vs.
recurrent MDE), the baseline score-by-time interaction,
and diagnosis-by-time interaction as fixed effects, based on
all available observations. Analyses were performed on all
patients with at least one valid post-baseline assessment of
the variables (full-analysis set, FAS). A significance level
of p <0.05 was used for each test.

All analyses were performed using IBM SPSS Statis-
tics for Windows, v. 25 (IBM Corp., Armonk, New York,
USA).

Results

A total of 116 Caucasian subjects (51.1 + 17 years old)
were included. Seventy-one (61.2%) patients had been
diagnosed with a recurrent MDE and 45 (38.8%) with
a first-onset MDE following COVID-19. Patients were
treated for three months with the following classes of
antidepressants: SSRIs: 31%; SNRIs: 25.9%; others:
43.1%. Concomitant psychopharmacological treatment
with mood stabilizers/anticonvulsants, second-generation
antipsychotics, or sedative-hypnotics/anxiolytics (vari-
ously combined) was assumed by 63.8% of patients, and
continuous psychoeducational support was provided. No
between-groups differences were detected for antidepres-
sants (p =0.096) nor for other psychopharmacotherapies
(»=0.062).

Most patients (64.6%) in the sample had been vaccinated
for SARS-CoV-2 when contracting the infection and all
subjects developed a symptomatic COVID-19 (mild, mod-
erate, or severe according to signs and symptoms referred
by patients and rated by clinicians at the time of the infec-
tion following WHO recommendations). Compared to post-
COVID-19 recurrent MDE, patients with first-onset affective
episodes were on average less vaccinated (54.3 vs. 70.7%)
and showed a moderate-to-severe course of COVID-19 (71.8
vs. 34.4%), with higher rates of pharmacotherapies and hos-
pitalization, including intensive care units’ admissions.

Sociodemographic, clinical, and psychometric character-
istics are summarized in Table 1.

At the endpoint, data were available for 94 patients.
Results from MMRM for each efficacy variable are reported
hereafter and in Table 2. Means + SD for all variables at each
time point is summarized in Table S1 (Online Resource 1).
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Table 1 Sociodemographic, clinical, and psychometric characteristics at baseline

Characteristics (1, %; M +SD) Total First-onset MDE Recurrent MDE U /F p
Overall 116 45 (38.8) 71 (61.2)
Sociodemographic features
Age (years) 51.1+17 50.36+17.65 51.57+16.69 —-0.37 0.711
Gender
Female 64 (55.2) 24 (53.3) 40 (56.3) 0.10 0.751
Male 52 (44.8) 21 (46.7) 31(43.7)
Education level (years) 14.5+3.73 14+3.62 14.8+3.8 - 1.03 0.307
Occupation (employed) 84 (72.1) 33 (73.2) 51 (71.4) 0.04 0.846
Marital status (married) 63 (54.4) 31 (68.3) 32 (45.2) 5.32 0.021
Clinical data
Age of first MDE onset (years) 42.7+17.1 50.81+£17.21 36.63+14.45 4.43 <0.001
Duration of illness (years) 7.47+109 0.7+1.76 123+12.14 —5.99 <0.001
Affective episodes lifetime 1.92+1.23 1.07+£0.34 255+1.28 -7.31 <0.001
Suicide attempts 439 124 3(5 0.45 0.502
Psychiatric hospitalizations 7(5.9) 0 7 (10) 4.46 0.035
Other psychopharmacotherapy 74 (63.8) 24 (53.3) 50 (70.4) 3.48 0.062
Family history of psychiatric disorders 68 (58.3) 23 (51.3) 45 (63.2) 1.34 0.246
Medical comorbidities 74 (63.6) 32 (70.7) 42 (58.6) 1.52 0.217
Smoking habits 30 (25.8) 7(14.3) 23 (32.3) 3.78 0.052
BMI 259+5.12 25.43+4.03 26.27+5.7 —-0.74 0.461
COVID-19 information
Duration (days) 21.3+14.3 23.72+19.86 19.97+£10.17 1.06 0.292
Symptoms
Mild 60 (51.4) 13 (28.2) 47 (65.6) 22.1 <0.001
Moderate 28 (24.3) 10 (23.1) 18 (25)
Severe 28 (24.3) 22 (48.7) 6(9.4)
Pharmacotherapy 61(52.2) 31 (68.2) 30 (42) 7.36 0.007
Hospitalizations 26 (22.1) 20 (43.2) 6 (8.7) 18.5 <0.001
ICU 13 (11.5) 11 (25) 229 12.9 <0.001
SARS-CoV-2 vaccine
No 41 (35.4) 20 (45.7) 21(29.3) 8.77 0.032
1 dose 7 (6.5) 5(11.4) 234
2 doses 28 (23.7) 12 (25.8) 16 (22.5)
3 doses 40 (34.4) 8 (17.1) 32 (44.8)
Days between COVID-19 and MDE diagnosis 70+22.7 81+21.88 64.77+23.05 1.06 0.293
Psychometric assessment
HDRS 17.9 +3.68 17.9+3.88 17.97+3.61 —0.08 0.935
Physical symptoms 6.47+2.07 6.57+1.95 6.41+2.16 0.33 0.742
HARS 18.6+5.5 17.63 +£6.05 19.1+5.17 -1.12 0.266
Physical symptoms 7+3.28 6.41+3.58 7.33+3.09 -1.17 0.245
SF-36 PCS 41.9+8.09 41.38 £8.69 41.63+8.48 -0.11 0.912
PDQ-D5 10.1+4.47 10.45+4.57 9.91+4.47 0.46 0.646
Inflammatory index
N 571+453 537.22+484.07 596.66 +436.51 - 042 0.679

Bold indicates statistical significance p < 0.05

BMI body mass index, HARS Hamilton anxiety rating scale, HDRS Hamilton depression rating scale, /CU intensive care unit, M mean, MDE
major depressive episodes, p statistical significance, PDQ-D5 perceived deficits questionnaire for depression—5 items, SD standard deviation,

SF-36 short-form health survey questionnaire (PCS physical component score), SII systemic immune-inflammatory index
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Table 2 Clinical and
psychometric evaluation at

First-onset MDE

Recurrent MDE Difference between groups

selected time-points (FAS, M + SE change )4 M + SE change )4 M+SE 4
MMRM) from baseline from baseline
HDRS total score
Im —7.15(1.03) <0.001 —5.78 (0.68) <0.001 -1.19(1.12) 0.98
3m —13.80 (0.95) <0.001 —12.97 (0.63) <0.001 —0.65 (1.04) 0.88
HDRS physical symptoms
Im —3.23(0.45) <0.001 —3.09 (0.59) <0.001 —0.15(0.48) 0.87
3m —6.00 (0.42) <0.001 —5.39 (0.28) <0.001 —0.63 (0.45) 0.96
HARS total score
Im —17.31(0.89) <0.001 —5.39 (0.59) <0.001 —2.07 (0.98) 0.577
3m —15.02 (0.82) <0.001 — 13.57 (0.55) <0.001 —1.61 (0.90) 0.87
HARS physical symptoms
Im —3.97 (0.56) <0.001 —2.26 (0.38) <0.001 —2.09 (0.63) 0.022
3m —6.98 (0.53) <0.001 —5.56 (0.35) <0.001 —1.80 (0.58) 0.044
SF-36 PCS
Im 6.98 (1.53) <0.001 2.55(0.94) 0.009 4.89 (1.62) 0.054
3m 11.04 (1.34) <0.001 5.97 (0.85) <0.001 5.53(1.39) 0.002
PDQ-D5
Im —4.25(0.75) <0.001 —2.78 (0.45) <0.001 —1.51(0.81) 0.85
3m —7.50 (0.69) <0.001 —5.06 (0.43) <0.001 —2.48 (0.76) 0.027
NI
Im —372(47) <0.001 — 188 (51.2) <0.001 — 185.85 (65.1) 0.09
3m — 434 (45.2) <0.001 — 252 (46.8) <0.001 — 183.68 (58.7) 0.041

Bold indicates statistical significance p < 0.05

FAS full analysis set, HARS hamilton anxiety rating scale, HDRS hamilton depression rating scale, M
mean, MMRM mixed model for repeated measures, p statistical significance, PDQ-D5 perceived deficits
questionnaire for depression—5 items, SE standard error, SF-36 short-form health survey questionnaire
(PCS physical component score), SII systemic immune-inflammatory index

Primary outcome measures

Physical symptomatology significantly reduced through-
out treatment in both groups as rated by HDRS and HARS
“Physical Symptoms” subscales and SF-36 PCS (Table 2).
No significant differences in HDRS Physical Symp-
toms were found between post-COVID-19 first-onset and
recurrent MDE in the overall scores (mean difference:
—0.265+0.29, p=0.369) nor at given time-points, despite
patients with recurrent MDE displaying higher mean scores
than first MDE at one-month follow-up (3.87 £0.25 vs.
3.72+0.39) and at the endpoint (1.57 +0.22 vs. 0.95+0.36).
Conversely, the two groups significantly differed in over-
all HARS Physical Symptoms scores (mean difference:
— 1.43+0.39, p=0.002) and at one and three months of
treatment (Table 2), with post-COVID-19 recurrent MDE
showing higher mean scores than first-onset MDE at both
time-points (one-month follow-up: 5.27 +0.32 vs. 3.17 +0.5;
endpoint: 1.97 +£0.29 vs. 0.17 +0.46) (Fig. 1a).
Improvement in physical symptomatology assessed by
SF-36 PCS was significant throughout treatment in both
groups (p <0.001). We observed significant differences

between post-COVID-19 first-onset and recurrent MDE in
the overall scores (mean difference: 3.63 +0.89, p <0.001)
and at the endpoint (Table 2), with patients with recur-
rent episodes showing lower mean scores than first-onset
episodes at both time-points (43.9 +0.83 vs. 48.8 +1.35;
47.4+0.73 vs. 52.9 + 1.15) (Fig. 1b).

Cognitive performance improvements were detected by
PDQ-DS5 (p <0.001) with significant differences between
groups in overall scores (— 1.34, p=0.017) and at the
endpoint (Table 2). Mean PDQ-DS5 scores were higher
in the recurrent group both at one-month (7.73 +£0.38 vs.
6.23 +£0.68) and three-month treatment (5.46+0.36 vs.
2.98 +0.63) (Fig. lc).

Secondary outcome measures

Depressive symptoms significantly decreased (p <0.001)
without differences between groups in overall scores
(— 0.55, p=0.435) and at given time-points (Table 2). After
one month of treatment, 1 (1.6%) and 4 (6.5%) patients were
classified as remitters and responders, respectively, while 22
(23.4%) had a significant response and 68 (71.9%) reached
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Fig. 1 Changes of HARS Physi- A B
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remission at the endpoint. Only 4 (4.7%) patients were clas-
sified as non-responders after three months. No patient expe-
rienced a mood relapse throughout treatment.

Improvements in anxiety levels were significant as indi-
cated by mean HARS total score reduction (p <0.001),
with overall significant differences between patients with
first-onset and recurrent episodes (mean difference: — 1.28,
p=0.048) and higher mean scores in patients with recur-
rences at one-month (14.45+0.51 vs. 12.37+0.79) and
three-months follow-up (6.27 +0.46 vs. 4.66 +0.73). How-
ever, no significant between-group differences were found
at given time-points (Table 2).

Inflammatory levels assessed through SII had a signifi-
cant reduction throughout treatment (p <0.001) and signifi-
cant differences between groups were found in the overall
score (first-onset vs. recurrent MDE mean difference: — 122,
p=0.002) and at endpoint (Table 2). Post-COVID-19
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recurrent MDE displayed higher SII values at both time-
points (467 £47.3 vs. 281 +41.7;402+42.5 vs. 218 +39.8)
(Fig. 1d).

Discussion

In this retrospective study, patients with both post-
COVID-19 first-onset and recurrent MDE obtained a sig-
nificant reduction of physical and cognitive correlates of
depression over a three-month naturalistic treatment with
different classes of antidepressants. Changes occurred along-
side the decrease of depressive symptoms, with a substan-
tial rate of clinical remission at the endpoint, and anxiety.
Similar reductions were observed on the systemic inflam-
matory index. Post-COVID-19 first-onset and recurrent
MDE showed a differential course in the response regarding
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physical and cognitive features and in a marker of systemic
inflammation (i.e., SII).

Patients who developed a recurrent MDE following
COVID-19 accounted for about 60% of the sample, were
mostly unmarried, and had an earlier age at onset and a
longer duration of disease than first-onset MDE, with sev-
eral affective episodes during their lifetime and higher hos-
pitalization rates.

Major depression can have a relapsing—remitting course,
and it has been estimated that a third of non-clinical samples
and over three-quarters of subjects in clinical populations
will experience at least another depressive episode after the
first one, with a mean of almost four episodes per patient
[29]. The risk of recurrence has been associated with early
disease onset and the number of prior depressive episodes,
whereas sociodemographic features tend to have a minor
impact [29, 30]. Our results are in line with these data.

Patients with psychiatric disorders, especially depression,
have been particularly affected by the COVID-19 pandemic,
showing a worsening of pre-existing symptomatology, newly
emerging symptoms, and substantial treatment impairment
[31, 32]. Also, these patients show a greater vulnerability
to the infection and its worse outcomes, which has been
recently linked to shared pro-inflammatory responses and
cytokine regulation pathways [33]. Indeed, results from
a meta-analysis revealed an increased risk of COVID-19
severity and mortality in individuals with a pre-existing
diagnosis of mental illness [34].

Here, a more severe COVID-19 was found in subjects
with first-onset MDE, who experienced more intense symp-
toms, higher rates of pharmacotherapies, and hospitaliza-
tions in more than 40% of cases. However, this may depend
on the lower vaccination rates of this group with more than
half being either not vaccinated or having received only one
dose of vaccine at the time of the infection.

Can a pre-existing diagnosis of depression affect
the clinical picture of post-COVID-19 MDE?

Our results outlined relevant physical symptoms and cogni-
tive impairment as per clinicians’ measures and patients’
self-reports, alongside moderate-to-severe depression
and anxiety, without significant differences between post-
COVID-19 first-onset and recurrent MDE at baseline.

It is known that major depression can have a heterogene-
ous presentation with symptoms embracing emotional, phys-
ical, and cognitive domains [35], while the most represented
COVID-19 sequelae, i.e., fatigue, cognitive dysfunctions,
and anxiety, seem to have a specific relation with depres-
sive symptomatology [4, 9, 36, 37]. Self-rated depression
was found to be the only significant predictor for the pres-
ence and intensity of post-COVID-19 fatigue and cognitive

impairment among several demographic, clinical, and psy-
chopathological factors [38, 39].

Results from this study showed that, despite the overall
favorable outcome, patients with post-COVID-19 recurrent
MDE displayed higher physical symptoms and cognitive
impairment throughout the treatment period as revealed by
the course of HARS Physical Symptoms, SF-36 PCS, and
PDQ-DS5 scores, consistently with our hypotheses.

It has been noted that post-COVID-19 depression shows
a more severe course of illness in patients with a psychiat-
ric history than in patients at first episode [6]. Aside from
SARS-CoV-2 infection, somatic features and cognitive dys-
functions, together with comorbid anxiety [40], have been
reported to affect the course of depression and to be associ-
ated with more chronicity, lower probability of response,
and heightened recurrence risk [24]. Further, evidence from
the literature has outlined differences in the clinical profile
of first-onset and recurrent depressive episodes with the
latter displaying overall increased severity and worse out-
comes [41]. Patients diagnosed with recurrent depression
have been demonstrated to have greater rates and intensity
of depressive symptoms with pervasive pessimistic and
suicidal thoughts [42], somatic disturbances, and cognitive
dysfunction, with severity increasing alongside the number
of episodes [41, 43]. Specifically, pain-related features were
most prevalent in recurrent depression [41], and impaired
cognitive functioning tends to persist beyond remission of
mood symptoms as a consequence of multiple episodes [24,
44].

The role of inflammation

Among substrates of post-COVID-19 MDE, a chronic
inflammation triggered by the peripheral immune-inflamma-
tory response to the virus has been hypothesized in addition
to the psychological burden experienced during and after
the infection [9]. The interrelationship between higher pro-
inflammatory markers and depressive symptoms, fatigue,
and cognitive deficits has been observed in many COVID-
19 survivors [4, 9] and, previously, in subjects with major
depressive disorder [45, 46].

Here, a reduction of inflammatory indexes alongside
symptoms improvement was observed according to SII
levels. Investigating the relationship between psychiatric
symptomatology and inflammation was beyond our pri-
mary aims; however, it could be presumed that the decrease
of low-grade systemic inflammation might have sustained
the antidepressant response. These findings seem to further
support preliminary evidence about the immune-modulatory
effects of SSRIs in post-COVID-19 depression [19, 20] and
the anti-inflammatory and antiviral properties of antidepres-
sants that showed to contrast COVID-19 severe outcomes
[47]. Such effects could be explained through an indirect
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downregulation of the cytokine storm and a direct interfer-
ence with the viral cell invasion exerted by some antidepres-
sants [9, 18, 48, 49].

It should also be noted that, in this sample, post-
COVID-19 recurrent MDE showed higher inflammatory
levels. This finding is intriguing given that patients with
recurrent and first-onset MDE did not differ for medical
comorbidities and that subjects at their first episode had
experienced a more severe COVID-19.

Although not generalizable to all subjects suffering from
mood disorders, in a significant subgroup of patients the
increase in inflammatory biomarkers and the subsequent
return to almost normal levels might derive from the interre-
lationship of systems differentially involved in the immune-
inflammatory response [15, 16, 50]. The activation of com-
pensatory mechanisms aims to regulate primary responses
and can promote remission of the acute phase both spontane-
ously and after treatment, being further enhanced by anti-
depressants [50]. However, “trait” biomarkers persist during
the remitted phases of the disease suggesting a persistent
activation of these pathways and no return to the original
homeostasis. Since such systems might also be subject to
sensitization, greater numbers of episodes have been associ-
ated with a higher increase in inflammatory biomarkers [15].

Within this background, there is evidence reporting that
inflammation may correlate not only with specific subgroups
of depression but also with a differential treatment response
[16]. Recent findings described the association between a
broad range of inflammatory markers and a different severity
in specific symptom dimensions in depressed patients before
starting antidepressants. During the subsequent 26-week
treatment, changes in some of these markers showed to
correlate with a differential response specifically on neuro-
vegetative symptoms (e.g., energy levels, ache, pain) [50].
Nevertheless, whether the decrease of the inflammatory pro-
file during antidepressant treatment can result in differential
and symptom-specific response patterns needs to be further
explored.

Strengths and limitations

Strengths of this study include sample size, administration of
both clinician-rated and self-report questionnaires, thorough
characterization of post-COVID-19 depressive episodes, and
three-month follow-up. However, some limitations should be
noted like the monocentric setting of the study, the lack of
neuropsychological tests to assess cognitive performance,
and the observational, retrospective design that might have
limited the collection of all the variables potentially affect-
ing depressive symptomatology and the inflammatory status,
as well as the lack of established mean or cut-off levels of
SII, that might have provided references to better stratify the

@ Springer

sample according to inflammatory levels and to make further
inferences about the association with psychic symptoms.

Conclusions

The presence of additional symptomatology in post-
COVID-19 MDE could hinder remission leading to reduced
occupational and psychosocial performances with poor
quality of life and thus require more symptom-specific
approaches to obtain a full functional recovery [9, 50, 51].
Given the well-recognized major severity and the patho-
physiological mechanisms of recurrent depression, together
with evidence about severe depression persisting in COVID-
recovered subjects with a psychiatric history [6], patients
with post-COVID-19 recurrent MDE appear to be a popula-
tion specifically worthy of attention. In particular, we found
that in post-COVID-19 recurrent MDE physical and cog-
nitive symptoms showed a blunted response to antidepres-
sant treatment possibly related, at least in part, to sustained
higher levels of systemic inflammation. A prompt diagnosis
and characterization of depressive episodes in COVID-19
survivors becomes necessary to deliver early interventions
[20]. Considering the debated link between inflammatory
processes and depression, physical and cognitive symptoms
(specifically affected in post-COVID-19 MDE), combined
therapies targeting patients’ inflammatory profile may be a
promising strategy to improve treatment response [52, 53].
Further studies including similar therapeutic approaches
and deepening the knowledge about the pathophysiology of
mood disorders [54] and the potential effects of anti-inflam-
matory compounds are needed [55].

To our knowledge, this is the first study to differentiate
between first-onset and recurrent depressive episodes and to
evaluate the course of specific correlates of post-COVID-19
depression over months. Multicentric, larger studies with
longer follow-ups are needed to identify personalized treat-
ments that will be able to target the specific underlying
mechanisms and manage the multidimensional nature of
depressive episodes allowing a full functional recovery.
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