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ARTICLE INFO ABSTRACT

Keywords: COVID-19 survivors are at increased risk of persistent psychopathology after the infection. Despite long-term
COVID-19 sequelae are an increasing concern, long-term neuropsychiatric consequences remain largely unclear. This
SARS'C?V'Z cohort study aimed at investigating the psychopathological impact of COVID-19 in Italy one year after infection,
iziir:;mn outlining the trajectory of symptomatology at one, six-, and twelve-months follow-up.

Fatigue We evaluated 402, 216, and 192 COVID-19 survivors respectively at one, six, and 12 months. A subgroup of 95

patients was evaluated longitudinally both at one, six, and 12 months. Validated self-report questionnaires were
administered to assess depression, fatigue, anxiety, and post-traumatic distress. Socio-demographics and setting
of care information were gathered for each participant.

At six and twelve months, respectively 94 (44%) and 86 (45%) patients self-rated in the clinical range in at
least one psychopathological dimension. Pathological fatigue at twelve months was detected in 63 patients
(33%). Considering the longitudinal cohort an interaction effect of sex and time was observed for depression (F
= 8.63, p < 0.001) and anxiety (F = 5.42, p = 0.005) with males showing a significant increasing trend of
symptoms, whereas an opposite course was observed in females.

High prevalence of psychiatric sequelae six and 12 months after COVID-19 was reported for the first time.
These findings confirm the need to provide integrated multidisciplinary services to properly address long-lasting
mental health sequelae of COVID-19 and to treat them with the aim of reducing the disease burden and related
years of life lived with disability.

Mental health

1. Introduction

Since the coronavirus disease 2019 (COVID-19) pandemic began, it
has caused morbidity and mortality at an unprecedented scale globally.
The clinical characteristics and complications of patients with COVID-19
during acute infection have been widely explored (Wiersinga et al.,
2020). The severe acute respiratory syndrome coronavirus 2 (SAR-
S-CoV-2) causes a broad spectrum of manifestations ranging from
asymptomatic infection to life-threatening multi-organ disease.
Furthermore, persistent and prolonged symptoms, similarly to previous
coronavirus outbreaks (Moldofsky and Patcai, 2011), have been
observed in several patients recovered from the acute phase (Carfi et al.,
2020). Reports at three, four, and six months following discharge from

hospital suggest persisting symptoms such as lung dysfunctions, physical
and psychological disturbances, and cognitive impairments (Huang
et al., 2021).

Notably, as the pandemic spread, there has been a growing recog-
nition of mental health implications. Delirium and confusion were
observed in the context of acute viral infection (Rogers et al., 2020).
Moreover, in the months following the infection, COVID-19 survivors
were at increased risk of depression, anxiety, insomnia, and
post-traumatic stress disorder (PTSD) (Mazza et al., 2020, 2021; Taquet
et al., 2021). In this context, females and patients whit a positive pre-
vious psychiatric history were found to be at higher risk to present
post-COVID psychiatric complaints (Mazza et al., 2020, 2021; Vinde-
gaard and Benros, 2020). Psychiatric long-term complaints affected the
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quality of life, associated with cognitive impairments, and fatigue syn-
dromes (Manning et al., 2021; Mazza et al., 2021). Considering their
prevalence and persistence, neuropsychiatric complaints were recently
listed as main symptoms of the “Post-acute COVID-19 syndrome” (Nal-
bandian et al., 2021). The mechanism underlying the COVID-19 psy-
chiatric consequences seems to be mainly related to the systemic
inflammation associated to the viral infection (Troyer et al., 2020) and
to the persistent psychological stress before and during infection (Pas-
savanti et al., 2021).

Considering the increasing number of patients recovering from
COVID-19, its long-term sequelae are now an increasing concern.
Therefore, it is paramount to understand the full spectrum of post-
COVID-19 complaints to develop evidence-based knowledge. To date,
studies provided information up to six months after discharge, finding
that COVID-19 was associated with an increased risk of persistent
mental health sequelae (Huang et al., 2021; Taquet et al., 2021), how-
ever the long-term psychiatric complaints of the COVID-19 remain
largely unclear. Consequently, longitudinal studies with longer
follow-up are necessary to better understand the trajectory and full
spectrum of mental health consequences from COVID-19.

Considering the high prevalence of psychiatric conditions observed
at one-, three-, and six-months follow-up and surmising persistent
delayed post-viral psychiatric sequelae, here we aimed at studying the
psychopathological impact of COVID-19 in survivors one year after
clinical recovery also considering the effect of possible risk factors and
the change of psychopathology over time.

2. Materials and methods
2.1. Participants and study design

We prospectively evaluated the psychopathological status of COVID-
19 survivors, one (31.29 + 15.7 days), six (190.17 + 19.78 days), and
twelve (387.39 + 23.67 days) months after hospital discharge during an
ongoing longitudinal cohort study at IRCCS San Raffaele Hospital in
Milan. From February 25, 2020, since the beginning of COVID-19
outbreak in Italy (WHO), all SARS-CoV-2 infected patients admitted to
emergency department were consecutively enrolled in the COVID-BioB
study. Then, one month follow-up was performed from April 6 to June
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9, 2020; six months follow-up from August 30 to November 25, 2020;
twelve months follow-up from April 27, 2021 to May 25, 2021. 402
COVID-19 survivors were evaluated one month after discharge (see
Mazza et al., 2020), 216 patients (150 male, mean age 60.13 + 12.21)
were assessed at six months follow-up (108 patients from the initial
cohort evaluated at one month follow up), and finally, 192 patients were
assessed at one-year follow-up (131 male, mean age 59.16 + 12.64). In
addition, a subgroup of 95 (72 male, mean age 59.92 + 11.57) patients
was evaluated longitudinally at one, six, and 12 months (Fig. 1).

At one- and six-months follow-up, evaluation was performed in an
outpatient setting by trained psychiatrists in charge using an unstruc-
tured psychiatric interview and validated self-report questionnaires. At
one-year follow-up, data were collected using encrypted hyperlinks to
an online platform.

Inclusion criteria were SARS-CoV-2 confirmed by positive real-time
reverse-transcriptase polymerase chain reaction (RT-PCR) from a naso-
pharyngeal and/or throat swab and clinical and radiological findings
suggestive of COVID-19 pneumonia at the hospital admission. To keep a
naturalistic study design, exclusion criteria were limited to patients
under 18 years and difficulty to fully understand self-report question-
naires due to linguistic barrier or intellectual disability.

We followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline (Supplementary
Material, eMethods 1). The authors assert that all procedures contrib-
uting to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation and
with the Helsinki Declaration of 1975, as revised in 2008. Written
informed consent to participate in the study was obtained from all
participants. All procedures involving human patients were approved by
Ethics Committee of San Raffaele Hospital (COVID-BioB protocol
NCT04318366).

2.2. Measures

Sociodemographic and clinical data were collected using a data
extraction form, including age, sex, psychiatric history, need of hospi-
talization for COVID-19, duration of hospitalization, need of noninva-
sive ventilation (NIV), and intensive care unit admission (ICU).

We gathered measures to evaluate the severity of psychopathological

294 patients evaluated only at one month follow-up
— 84 patients evaluated only at three months follow-up
108 patients evaluated both at one and six months follow-up

were evaluated at one and/or six month.

486 cligible survivors for twelve months assessment who

51 excluded

A

¢ 2 Died before the date of contact
¢ 49 We had no available email address

A 4

hyperlink sent by email

435 patients contacted and invited to join our study via a

243 excluded

* 43 Had wrong email address

» + 196 Have not completed the self-report
questionnaires

* 4 Had missing value

\ 4

216 patients included and assessed at six
months follow-up

v

192 patients included and assessed at twelve
months, of them 95 patients were evaluated
longitudinally at one, six, and twelve months

Fig. 1. Flowchart of population selection.
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sequelae. Specifically, participants were requested to complete the Zung
Severity Rating Scale (ZSDS) (Zung, 1965), the Fatigue Severity Scale
(FSS) (Krupp, L. B. et al., 1989), the Impact of Event Scale-Revised
(IES-R) (Creamer et al., 2003), and the State-Trait Anxiety Inventory
form Y (STAL-Y) (Vigneau and Cormier, 2008). ZSDS, IES-R, and STAL-Y
were available at one-, six-, and twelve-months follow-up, while FSS was
available only at twelve months follow-up. Furthermore, participants
were asked about their need for psychopharmacological drugs (antide-
pressants, anxiolytics, hypnotics, and sedatives) and psychological or
psychiatric consultation in the 12 months after COVID-19.

2.2.1. Zung Severity Rating Scale

The ZSDS is a self-reporting instrument which consists of 20-item
scale assessing the full spectrum of symptoms related to depressive ep-
isodes. Depression is characterized by feelings of sadness and lack of
interest or pleasure in previously rewarding or enjoyable activities. The
respondent was required to specify on a 4-point Likert scale the fre-
quency with which each symptom occur over the past several days.
Commonly accepted cut-off to define depressive’s clinical relevance was
used (ZSDS index >50) (Zung, 1967). The ZSDS scale demonstrated high
levels of reliability (Cronbach’s alpha = 0.82) (de Jonghe and Baneke,
1989) and it was largely employed in several studies investigating
COVID-19 triggered depression (Deng et al., 2020; Mazza et al., 2020,
2021).

2.2.2. Fatigue Severity Scale

FSS questionnaire includes 9 statements aiming at exploring severity
of fatigue symptoms by asking subject to choose for each item the
number from 1 to 7 which best applied to him/her. The fatigue is defined
as a persistent feeling of physical and mental tiredness characterized by
lack of energy, weakness, slowed reactions, and drowsiness. The in-
strument exhibited an excellent internal consistency (Cronbach’s alpha
= 0.93) and an optimal validity as well (Ozyemisci-Taskiran et al.,
2019). Originally conceived to differentiate depression to fatigue, it
proves advantageous to assess fatigue in the aftermath of COVID-19
(Ortelli et al., 2021). We employed the standard cut-off (FSS mean >
4) to determine clinically significant levels of fatigue (Krupp, Lauren B
et al., 1989).

2.2.3. Impact of Event Scale-Revised

The IES-R consists of 22 item exploring the extent to which one
develop trauma-evoking distress. It showed optimal psychometric
properties (Cronbach’s alpha = 0.96) and resulted effective in evalu-
ating post-traumatic distress triggered by COVID-19 pandemic (Aljaberi
et al.,, 2021). Commonly accepted cut-off (IES-R score >33) was
implemented to identify participants who fell in the pathological range
(Tiemensma et al., 2018).

2.2.4. State-Trait Anxiety Inventory form Y

Finally, we employed STAI-Y inventory to evaluate subject’s levels of
anxiety on a likert scale ranging from 1 to 4. Anxiety is an emotion
characterized by feelings of tension, worried thoughts, and physical
changes. The instrument demonstrated optimal internal consistency
(0.67-0.91) and was successfully used to define pathological anxiety in
several cohorts of COVID-19 survivors in accordance with clinically
suggested cut-off score (STAI state >40) (Mazza et al., 2020; Prete et al.,
2020).

2.3. Statistical analysis

Statistical analyses to compare group means and frequencies (Stu-
dent’s t-test, Pearson y? test) exploring effects of sex and previous his-
tory of psychiatric illness on symptoms severity were performed.

Listwise deletion method was used in handling missing data, so cases
reporting missing data in any single variable were excluded from the
analysis. Pearson’s correlation analysis was performed to explore the
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correlation between age, duration of hospitalization, and psychopa-
thology scores at six and twelve months. When appropriate, levels of
significance were corrected for multiple comparisons with the adaptive
linear step-up procedures that control the FDR and g-values (FDR-
adjusted p-value) were considered.

To investigate psychopathology changes over time, repeated mea-
sures ANOVAs (according to sex and psychiatric history) were per-
formed, considering ZSDS, IES-R, and STAI-Y at one, six, and twelve
months follow-up. Differences in psychopathology scores according to
the severity of COVID-19 infection, as proxied by the need of hospital-
ization, NIV, and ICU admission were assessed through one-way analysis
of variance (ANOVA).

To account for the multiple covaring variables, considering the a
priori expected collinearity between psychopathological dimensions, we
performed three separate multivariate regressions entering as predictors
each psychopathological domain at one month (ZSDS, STAI, and IES-R)
and as dependent variables twelve months ZSDS, IES-R, and STAI scores
while controlling for sex and psychiatric history. We also calculated the
statistical significance of the effect of the single independent factors on
the dependent variables by parametric estimates of predictor variables
(least squares method). Statistical significance was set at p < 0.05.

All the statistical analyses were performed with a commercially
available software package (StatSoft Statistica 12, Tulsa, OK, USA) and
following standard computational procedures.

3. Results

The sociodemographic and clinical characteristics of the patients are
listed in Table 1. See Mazza et al., 2020 for the clinical and psycho-
pathological description of the sample at one month follow-up.

At six and twelve months after infection, respectively 44% and 45%
of the sample self-rated above the clinical threshold in at least one of the
psychopathological dimensions (as rated on ZSDS, IES-R, STAI). Path-
ological fatigue scores at twelve months were detected in 63 patients
(33%). Females and patients with a positive psychiatric history exhibit
increased scores in all the psychopathological domains (Table 1). On the
contrary, the clinical severity of COVID-19 infection and related setting
of care did not affect psychopathology at six and twelve months (Sup-
plementary Material, eTable 1).

Correlation analysis revealed that self-rated psychopathology in-
dexes were highly correlated over time (Fig. 2).

Considering the need for psychopharmacological treatment in the
year following Sars-CoV-2 infection, we found that 53 (27.60%) patients
received medications. In detail, 27 (14.06%) started an antidepressant,
22 (11.46%) an anxiolytic, and 28 (14.58%) needed hypnotics. More-
over, 21 (10.94%) of the respondents contacted a mental health care
professional during the year after COVID-19: 19 (9.90%) required a
psychological intervention and 8 (4.17%) consulted a psychiatrist.

Moreover, the three multivariate GLM models revealed that each
psychopathological dimension at one month, irrespectively of sex and
previous psychiatric history, significantly predicted current psycho-
pathological status (ZSDS: Wilks = 0.82, F = 10.99, np2 = 0.18, p <
0.001; STAIL: Wilks = 0.73, F = 16.38, np2 = 0.27, p < 0.001; IES-R:
Wilks = 0.66, F = 24.56, np2 = 0.34, p < 0.001) (Table 2). Specif-
ically, in all models, univariate testing confirmed that only psychopa-
thology at one month, and not sex and previous psychiatric history,
dictated the entire twelve months psychopathology: i) ZSDS score at one
month associated to ZSDS (p = 0.47, F = 31.05, p < 0.001), [ES-R (§ =
0.42, F = 23.28, p < 0.001), and STAI (p = 0.40, F = 21.15, p < 0.001) at
twelve months; ii) STAI score at one month associated to ZSDS (p = 0.47,
F =28.81, p < 0.001), IES-R (§ = 0.46, F = 27.56, p < 0.001), and STAI
(B =0.57,F =49.23, p < 0.001) at twelve months; iii) I[ES-R score at one
month associated to ZSDS (p = 0.48, F = 33.26, p < 0.001), I[ES-R (§ =
0.64, F =73.94, p < 0.001), and STAI (p = 0.49, F = 36.91, p < 0.001) at
twelve months.

Considering the longitudinal cohort at one, six, and twelve-month
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Table 1
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Psychopathology at six and twelve months in patients surviving COVID-19 infection, divided according to sex and psychiatric history.

Sex Psychiatric History
Whole sample Male Female t, For q-value Positive Negative t, For gq-value
(n=216) (n=150) (n=66) x> (n=47) (n=169) x?
Six months follow-up
Male (n-%) 150-69 - - - - 25-53 125-74 7.48 0.007*
Age (mean + SD) 60.13 +12.21 60.15 + 60.09 +£13.9 0.03 0.972 58.36 £11.14  60.63 + 12.48 -1.13 0.262
11.44
Depression score (ZSDS index, 42.09 +10.12 40.26 + 9.6 46.27 £10.1  —4.17 <0.001*  48.01 +9.91 40.45 + 9.58 4.75 <0.001*
mean + SD)
Presence of depression (ZSDS 55-25 30-20 25-38 7.72 0.006* 21-45 34-20 11.69 0.001*
index>50, Yes-%)
PTSD score (IES-R, mean + SD) 18.39 +18.7 15.43 + 25.14 + -3.61 0.001* 29.09 + 21.7 15.42 + 16.66 4.64 <0.001*
16.88 20.91
Presence of PTSD (IES-R>33, Yes- 47-22% 24-16 23-34 9.56 0.003* 19-40 28-17 12.29 0.001*
%)
Anxiety score (STAI state, mean =+ 36.24 +£11.13 34.56 + 40.06 + -3.43 0.002* 43.06 £11.68  34.34 +10.23 5.01 <0.001*
SD) 10.86 10.87
Presence of anxiety (STAI 71-32 39-26 32-48 10.5 0.001* 27-57 44-26 16.44 <0.001*
state>40, Yes-%)
One year follow-up
Whole sample Male Female t, For g-value Positive Negative t, For g-value
(n=192) (n=131) (n=61) x° (n=47) (n=145) x>
Male (n-%) 131-68 - - - - 22-47 110-76 13.41 0.001*
Age (mean + SD) 59.16 + 12.65 60.60 + 56.07 + 2.34 0.023* 55.00 +13.85 60.50 + 11.98 —2.63 0.010*
11.28 14.82
Depression score (ZSDS index, 45.79 + 13.04 43.67 + 50.33 + -3.38 0.004* 52.13+13.33  43.73 +£12.30 3.98 <0.001*
mean + SD) 12.28 13.55
Presence of depression (ZSDS 59-31 33-25 26-43 5.94 0.019* 24-51 35-24 12.09 0.001*
index>50, Yes-%)
Fatigue score (FSS corrected, mean  3.40 + 1.56 3.17 £ 1.42 3.88 +£1.73 -3.02 0.004* 4.05 + 1.62 3.18 +1.48 3.41 0.001*
+ SD)
Presence of fatigue (FSS 63-33 37-28 26-43 3.9 0.048* 23-49 40-28 7.34 0.008*
corrected>4 Yes-%)
PTSD score (IES-R, mean + SD) 22.14 £ 19.89 18.28 + 30.41 + —4.09 0.001* 30.04 +19.71 19.57 +19.33 3.21 0.002*
18.22 20.94
Presence of PTSD (IES-R>33, Yes- 53-28 27-21 26-43 10.09 0.004* 19-40 34-23 5.12 0.024*
%)
Anxiety score (STAI state, mean + 38.79 +12.09 36.98 + 42.67 + -3.11 0.004* 45.53+13.50 36.60 + 10.77 4.63 <0.001*
SD) 11.49 12.52
Presence of anxiety (STAI 77-40 36-27 31-51 9.98 0.004* 28-60 39-27 16.68 <0.001*

state>40, Yes-%)

Note. Levels of significance of the observed differences (Student’s t-test and Chi-square) is reported as q-value (FDR corrected p-value). Patients self-rated depression on
the Zung Self-rating Depression Scale (ZSDS), fatigue on the Fatigue Severity Scale (FSS), Post-Traumatic symptoms on the Impact of Event Scale — Revised (IES-R),

anxiety on the State Anxiety Inventory (STAI). *q < 0.05.

follow-up time points, no effect of time was detected in changing
depressive (F = 0.20, p = 0.819) and anxiety (F = 0.89, p = 0.414)
symptomatology. However, an interaction effect of sex and time was
observed both for depression (time*sex interaction F = 8.63, np2 = 0.10,
p < 0.001) and anxiety (time*sex interaction F = 5.42, np2 = 0.08, p =
0.005) with females showing a significant decreasing trend of symp-
toms, whereas an opposite course was observed in men (Fig. 3A and B).
With regards to post-traumatic symptomatology, repeated measure
ANOVA showed a significant reduction of post-traumatic symptoms over
time with no effect of sex (F = 5.87, n1p2 = 0.07, p = 0.004) (Fig. 3C). No
interaction effect of psychiatric history and time was found for depres-
sion, anxiety and PTSD.

4. Discussion

This is the first longitudinal cohort study to investigate psycho-
pathological sequelae in COVID-19 survivors during the 12 months after
the outbreak. We found that exposure to SARS-CoV-2 has a long-term
adverse mental health impact on survivors. We reported a high point
prevalence of depression, anxiety, PTSD, and fatigue at both six- and
twelve-months follow-up considering that more than 45% of the sample
self-rated above the clinical threshold in at least one of the psycho-
pathological dimensions, and 28% needed psychotropic medication.
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When exploring the longitudinal course of psychopathology during the
year after infection, we observed a reduction over time of PTSD irre-
spectively of sex. Interestingly, we found an increase of depression and
anxiety symptomatology in males and an opposite decreasing trend of
symptoms in females.

The impact of COVID-19 on mental health can then be long-lasting,
prolonging well beyond the acute or subacute stages. Short-term studies
investigating one- or three-months follow-up after discharge found sig-
nificant levels of depression, anxiety, PTSD, and insomnia (Mazza et al.,
2020, 2021). To date, the longest follow-up study examining neuro-
psychiatric sequelae six months after discharge (Taquet et al., 2021).
Among 236379 COVID-19 survivors the 24% of them were affected by
mood, anxiety, or psychotic disorders. Moreover, more common
neuropsychiatric complaints were reported in patients who had
COVID-19 than in those who had influenza or other respiratory tract
infection. Consistently with our findings, Taquet et al. did not find a
relationship between psychiatric disorders and COVID-19 clinical
severity but only between neurological outcomes and COVID-19
severity, thus suggesting that psychiatric symptomatology was not a
manifestation of physical symptoms.

Despite still largely unknown, the underlying pathophysiological
mechanisms of neuropsychiatric post-COVID complications seem to
mainly entail immune dysregulation, inflammation, and psychosocial
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Age

Duration of hospitalization’ 0.19

Severity of depression at 6 months -0.05

Severity of PTSD at 6 months -0.20

Severity of anxiety at 6 months -0.14

Severity of depression at 12 months -0.05

Severity of fatigue at 12 months 0.01

Severity of PTSD at 12 months -0.15

Severity of anxiety at 12 months -0.25

-0.05 -0.20 -0.14

-0.15
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-0.05 0.01 -0.15

-0.16 -0.16 -0.06 -0.06 -0.05

Fig. 2. Correlation matrix exploring the association of continuous variables. Values in bold are significant (q < 0.05). Patients self-rated depression on the Zung Self-
rating Depression Scale, fatigue on the Fatigue Severity Scale Post-Traumatic symptoms on the Impact of Event Scale — Revised, and anxiety on the State Anxi-

ety Inventory.

Table 2

Three regression models with depression (ZSDS index), anxiety (STAlI-state), and PTSD (IES-R) at one-month respectively as independent variables predicting the entire
psychopathology at twelve-month in each model. Multivariate and univariate statistics are reported. *p < 0.05

Multivariate Univariate
Test Value F p Beta(8)  ZSDS index ZSDS index Beta(8) IES-RF IES-Rp Beta(8) STAIF  STAIp
F p
Depression (ZSDS Wilks  0.82 1099  <0.001*  0.47 31.05 <0.001* 0.42 23.28 <0.001*  0.40 21.15 <0.001*
index)

Sex Wilks ~ 0.98 1.04 0.378 —-0.03 0.13 0.722 0.09 1.04 0.308 —0.00 0.01 0.915
Psychiatric history Wilks  0.97 1.50 0.216 —0.12 2.59 0.109 —-0.07 0.76 0.383 —0.16 3.92 0.050
Anxiety (STAI-state) Wilks  0.73 16.38  <0.001*  0.47 28.81 <0.001* 0.46 27.56 <0.001*  0.57 49.23 <0.001*
Sex Wilks ~ 0.97 1.15 0.334 0.03 0.17 0.68 0.09 1.36 0.245 —0.02 0.09 0.765
Psychiatric history Wilks ~ 0.98 1.09 0.357 —-0.12 2.08 0.15 —-0.03 0.14 0.712 —-0.10 1.81 0.181
PTSD (IES-R) Wilks  0.66 2456  <0.001*  0.48 33.26 <0.001* 0.64 73.94 <0.001*  0.49 36.91 <0.001*
Sex Wilks  0.99 0.18 0.913 0.00 0.00 0.972 0.04 0.25 0.616 —-0.01 0.01 0.931
Psychiatric history Wilks ~ 0.96 1.72 0.166 —-0.09 1.37 0.243 0.01 0.01 0.930 -0.13 2.86 0.093

impacts of infection (Muccioli et al., 2020; Troyer et al., 2020). Even if
there is no convincing evidence of direct SARS-CoV-2 neuroinvasion,
post mortem studies have shown that SARS-CoV-2 related immune
dysregulation and systemic inflammation can induce brain damage,
disrupting the blood-brain barrier (BBB), thus driving inflammation in
the central nervous system (CNS) (Reichard et al., 2020). The link be-
tween inflammation and psychiatric pathophysiology is well described
and might partially explain the post-COVID sequelae (Najjar et al.,
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2013). Inflammation is known to induce microglial activation, neuro-
transmission alteration, indoleamine 2,3-dioxygenase 1 (IDO) activation
and subsequent serotonin depletion, and oxidative stress, all of them
mechanism involved in psychiatric pathophysiology (Benedetti et al.,
2020). Consistently, we have found that anxiety and depression at one
month and depression at three months after COVID-19, were predicted
by higher baseline systemic immune-inflammation index (SII) (Mazza
et al.,, 2020, 2021) and prevented by cytokine-blocking agents,
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Fig. 3. Repeated measures ANOVAs considering the change over time of ZSDS
(A), STAI-Y state (B), and IES-R (C) according to sex.

dampening systemic inflammation. Accordingly, Yuan et al. reported
higher depression in convalescent COVID-19 patients with higher NLR.
As such, we surmise that COVID-19 could result in prolonged inflam-
mation triggered by infection and by infection-related systemic
inflammation, but then persisting on its own causing neuropsychiatric
symptomatology.

According to literature and consistent with our findings at one- and
three-month’s follow-up study, we observed that females and patients
with positive psychiatric history showed higher point prevalent psy-
chopathology (Mazza et al., 2020, 2021; Vindegaard and Benros, 2020).
However, when entering all clinical predictors in multivariate
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regression, only psychopathology at one-month follow-up was signifi-
cantly associated with psychopathology at one year. This finding has a
direct clinical relevance in order to prioritize target population for
long-term follow-up care basing on acute or sub-acute -clinical
predictors.

Notably, when exploring the longitudinal course of symptomatology,
we observed that only male COVID-19 survivors showed over the year
after infection increasing depressive and anxiety psychopathology while
an opposite trend was found for females. Males are characterized by a
stronger age-dependent activation of the innate pro-inflammatory
pathways compared to women (Marquez et al., 2020), leading to
male’s higher chronic subclinical systemic inflammation (inflammag-
ing) and immune system impairment (immune senescence) (Bonafe
et al., 2001). Inflammaging has been associated with both COVID-19
complications in males (Bonafe et al., 2020) and psychopathology
(Diniz et al., 2019). Moreover, males are less likely to seek help for
mental health difficulties, and they tend to hold more negative attitudes
toward the use of mental health services compared to women (Holzinger
et al., 2012).

Finally, at one year, we observed a high rate of fatigue symptom-
atology. Fatigue, is recognized as one of the leading complaints in
COVID-19 survivors (Huang et al., 2021). More interesting, we observed
that fatigue was not associated to COVID-19 clinical severity, but it
highly correlated with psychopathology ratings. This finding suggests
that rather independent of pneumonia severity, psychopathology after
COVID-19 is associated with persistent fatigue, thus worsening the
survivors’ global functioning and quality of life.

Our results should be taken in the context of the following limita-
tions. First, the relatively small sample size, also affected by listwise
deletion of cases reporting missing data, may have limited the ability to
identify risk factors due to low statistical power. Second, the mono-
centric nature of our study limits the generalizability of the findings
raising the possibility of population stratification. Third, only 95 of 486
eligible survivors completed the three-point follow-up over 12 months;
thus, the results might not be representative of the entire cohort.
Moreover the small sample size of patients assessed longitudinally, and
the lack of fatigue assessment at one and six months, limits the inter-
pretation and generalizability of our findings. Fourth, the lack of a
comparison group of subjects not affected by COVID-19 but experi-
encing the same psychological stressful situation (lockdown, fear, doubt,
stigma, and social isolation) did not allow to disentangle the effect of
COVID-19 infection from the psychological stressors. Finally, limited
health care resources forced us to assessed psychopathology at 12
months using only self-rated questionnaires instead of a direct clinical
interview. To overcome these limitations, further larger multicentric
longitudinal studies also exploring the effect of heterogeneous pre-
dictors are needed.

In conclusion, for the first time we report a high rate of persistent
mental health complaints at one year follow-up. This finding has sig-
nificant clinical and healthcare-related implications. Given the size of
the pandemic, the highly prevalent long-term post-COVID sequelae, the
chronic or recurrent course of psychiatric disorders, and their conse-
quences on the quality of life, substantial impact on health and social
care systems are likely to occur in the following years. In this context,
according to recent literature (Nalbandian et al., 2021), integrated
multidisciplinary services, focused not only on physical sequelae but
also on mental health distress, will be required. We suggest to routinely
assess the psychopathology of COVID-19 survivors over time in order to
promptly diagnose emergent disorders, and to treat them with the aim of
reducing the disease burden and related years of life lived with
disability.
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