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Long COVID and neuropsychiatric manifestations (Review)
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Abstract. There is accumulating evidence in the literature indi-
cating that a number of patients with coronavirus disease 2019
(COVID-19) may experience a range of neuropsychiatric symp-
toms, persisting or even presenting following the resolution of
acute COVID-19. Among the neuropsychiatric manifestations
more frequently associated with ‘long COVID’ are depression,
anxiety, post-traumatic stress disorder, sleep disturbances,
fatigue and cognitive deficits, that can potentially be debili-
tating and negatively affect patients' wellbeing, albeit in the
majority of cases symptoms tend to improve over time. Despite
variations in results obtained from studies using different
methodological approaches to define ‘long COVID’ syndrome,
the most widely accepted factors associated with a higher risk
of developing neuropsychiatric manifestations include the
severity of foregoing COVID-19, the female sex, the presence
of comorbidities, a history of mental health disease and an
elevation in the levels of inflammatory markers, albeit further
research is required to establish causal associations. To date, the
pathophysiological mechanisms implicated in neuropsychiatric
manifestations of ‘long COVID’ remain only partially eluci-
dated, while the role of the indirect effects of the COVID-19
pandemic, such as social isolation and uncertainty concerning
social, financial and health recovery post-COVID, have also
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been highlighted. Given the alarming effects of ‘long-COVID’,
interdisciplinary cooperation for the early identification of
patients who are at a high risk of persistent neuropsychiatric
presentations, beyond COVID-19 recovery, is crucial to ensure
that appropriate integrated physical and mental health support
is provided, with the aim of mitigating the risks of long-term
disability at a societal and individual level.
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1. Introduction

Over 2 years have passed since the World Health Organization
(WHO) declared coronavirus disease 2019 (COVID-19) as a
global public health emergency (1). During this period, signifi-
cant efforts have been made to describe, study, and understand
the clinical manifestations of the disease and its repercussions
on physical and mental health (2-7).

During the acute phase of COVID-19, apart from the typical
systemic and pulmonary manifestations, such as fever, cough,
sore throat and dyspnea, neuropsychiatric symptoms related to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection may occur (8-10). Neuropsychiatric manifestations of
acute COVID-19 include hyposmia/anosmia, consciousness
disorders, delirium, agitation, encephalopathy, encephalitis,
acute ischemic stroke, hypoxic/ischemic brain injury, seizures,
vertigo, numbness/paresthesia, anxiety, depression and
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insomnia, while new-onset psychosis has also been reported in
the setting of acute COVID-19 infection (11-20).

Crucially, while the acute phase of COVID-19 has been
well-characterized, the data concerning the long-term
outcomes of the disease are comparatively rather limited (21).
There is increasing evidence to indicate that a number of
patients may experience new, recurring or ongoing symp-
toms, as well as clinical signs, that persist beyond the acute
illness; a condition that is colloquially referred to as ‘long
COVID’ (22-25). Over the course of the pandemic, several
definitions have been proposed and various terms have been
used to describe the long-term symptoms and consequences
following SARS-CoV-2 infection, including ‘post-COVID
conditions’, ‘chronic COVID’, ‘long-haul COVID’, ‘long-term
COVID-19’, ‘post-acute COVID-19’, ‘post-acute COVID
syndrome’, ‘post COVID syndrome’ and ‘post-acute sequelae
of SARS-COV-2 infection (PASC)’ (21,22,26,27). However, it
is important to note that i) the lack of a standardized definition
for ‘long COVID’; ii) the use of different temporal criteria for
‘long COVID’ diagnosis (i.e., 3 weeks up to several months
after SARS-CoV-2 infection); and iii) the inclusion and attribu-
tion of diverse symptoms, conditions or signs to ‘long COVID’,
may hinder the accurate classification of patients and may thus
limit the elucidation of ‘long COVID’ syndrome (22,23,26-28).

‘Long COVID’ can become debilitating for some
patients, while it has also been associated with a higher risk
of mortality (23,29). In particular, individuals with ‘long
COVID’ may present a wide spectrum of clinical manifesta-
tions, both pulmonary and extrapulmonary ones (including
nervous system and neurocognitive disorders, musculoskeletal
pain, mental health disorders, metabolic disorders, cardiovas-
cular disorders, gastrointestinal disorders, and anemia), as
well as signs and symptoms related to poor physical wellbeing
(including malaise and fatigue) (30).

Patients affected by ‘long COVID’ include also those
who initially had mild or asymptomatic disease, pointing to
residual effects that involve multiple organ systems, including
the peripheral and central nervous system (CNS) (23,31,32).
Research evidence suggests that the neuroinvasive and
neurotrophic properties of SARS-CoV-2, as well as the rapid
overproduction of cytokines and immune cell hyperactivation
(i.e., cytokine storm) may influence the manifestation of neuro-
psychiatric symptoms during and after COVID-19 (33-35).
Furthermore, the indirect effects of COVID-19, such as social
isolation and feelings of loneliness, uncertainty of the prog-
nosis or incomplete physical health recovery, changes in sleep
and lifestyle behaviors and the economic burden may also
affect the manifestation of neuropsychiatric symptoms (36,37).

The systematic research of neuropsychiatric manifesta-
tions in patients beyond the resolution of acute COVID-19
is thus crucial in order to broaden the current understanding
regarding the sequelae experienced by COVID-19 survivors
and may facilitate the development of targeted evidence-based
approaches towards an integrated patient care.

2. Neuropsychiatric manifestations in COVID-19 survivors
with ‘long COVID’

There is increasing scientific evidence to indicate that a
significant proportion of COVID-19 survivors experience

a range of neuropsychiatric symptoms persisting or even
presenting months after the initial infection (29,32,38).

Of note, Mazza et al (39), in 2020, assessed 402 COVID-19
survivors at 1 month following treatment at the hospital emer-
gency department, using self-rated psychometric instruments,
and found that overall, 56% scored in the pathological range
in at least one clinical dimension [i.e., including depression,
anxiety, post-traumatic stress disorder (PTSD) and obses-
sive-compulsive symptomatology] (39). Moreover, females,
patients with a pre-existing psychiatric diagnosis and patients
who were managed at home exhibited increased levels in the
majority of psychopathological measurements (39). In a later
cohort study, reassessing a subsample of 226 COVID-19 survi-
vors of the aforementioned study at 3 months, Mazza et al (40),
reported that 35.8% of the patients still scored in the patholog-
ical range in at least one psychopathological dimension (40).

Furthermore, Huang et al (41) evaluated a sample of
1,733 patients who were hospitalized due to COVID-19,
6 months following symptom onset and demonstrated that
a significant proportion (76%) still reported at least one
neuropsychiatric symptom, with the most common being
fatigue/muscle weakness (63%) and sleep disturbances (26%).
In a later study, 1-year follow-up data were available from a
subsample of 1,276 COVID-19 survivors (36). Of note, within
1 year after acute infection, the majority of individuals exhib-
ited a good physical and functional recovery over time, and
had returned to their original work and life, albeit their health
status remained lower compared to non-COVID-19 partici-
pants (controls) matched for age, sex and comorbidities (36).

Notably, Taquet er al (42) reported that among
236,379 patients diagnosed with COVID-19, the estimated
incidence of a neurological or psychiatric diagnosis in the
succeeding 6 months was 33.62%, with a proportion of 12.84%
receiving such a diagnosis for the first time, whereas the esti-
mated incidence was even higher for patients who had been
admitted to an intensive care unit (ICU).

Depression, anxiety, PTSD, sleep disturbances, fatigue
and cognitive deficits are among the most commonly reported
neuropsychiatric symptoms in published studies investigating
‘long COVID’ (20,43), and thus should be explicitly assessed
when treating patients with symptoms beyond the phase of
acute SARS-COV-2 infection.

Anxiety, depression and ‘long COVID’. According to previous
systematic reviews, the most frequently reported psychiatric
symptoms in the context of ‘long COVID’ are depression
and anxiety (20,38). Considering that, particularly persisting,
depression and anxiety symptoms are associated with substan-
tial individual morbidity with severe repercussions on the
quality of life of patients, the psychiatric manifestations of
‘long COVID’ may also pose a significant healthcare chal-
lenge with major societal implications (44.,45).

Of note, a previous retrospective cohort study found that
among 236,379 patients, 17.39% were diagnosed with anxiety
disorder (7.11% received first such diagnosis) and 13.66% with
mood disorder (4.22% received first such diagnosis) in the
6 months following COVID-19 diagnosis. Notably, as regards
patients who were admitted in the ICU, estimated incidences
were 22.43% for anxiety disorder (9.24% for first diagnosis)
and 22.52% for mood disorder (8.07% for first diagnosis) (42).
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Furthermore, another prospective cohort study, including
251 patients with COVID-19 reported that 29.6% of the survi-
vors presented state anxiety one month after hospital discharge,
that was persistent at the 3-month follow-up assessment (i.e.,
in 25.5% of patients), while no changes in anxiety/depression
symptoms were noted at 3-month follow-up (evaluated with
EuroQoL-5 Dimensions, EQ-5D) (46).

Notably, a previous cohort study including 134 patients with
COVID-19 assessed at a median of ~3.8 months (46-167 days)
post-discharge, reported that at follow-up, 47.8% of the survi-
vors experienced anxiety and 39.6% a low mood, with female
patients being at a higher risk in comparison to males (47).

Accordingly, another prospective uncontrolled cohort study
that evaluated, via telephone interview, 478 patients who were
hospitalized due to COVID-19, 4 months after discharge, indi-
cated that 31.4% of these patients reported anxiety and 20.6%
depression (48), while another 4-month follow-up study found
that among 94 COVID-19 patients who presented COVID-19
related pneumonia with respiratory failure, 21% presented
anxiety post-hospital discharge (49).

Of note, a retrospective, case series of 200 hospitalized
patients with severe-to-critical COVID-19 infection reported
that at4-7 months from disease-onset,20% of patients presented
anxiety or a low mood, sometimes associated with intrusive
thoughts or flashbacks, while patients with pre-existing mental
health issues presented a deterioration of their symptoms both
during hospitalization and after discharge (50).

Furthermore, another cohort study, including
402 COVID-19 survivors who were hospitalized, demonstrated
that at a 1-month assessment, 31% presented with depression
and 42% with anxiety. Crucially, a significant decrease was
recorded from the 1- to the 3-month follow-up assessment with
regards to anxiety, whereas depression rates were not altered.
It is important to note that the severity of baseline systemic
inflammation predicted the severity of depressive psychopa-
thology at the 3-month follow-up (40). Accordingly, a recent
multimodal magnetic resonance imaging study assessing
42 COVID-19 survivors without brain lesions, at ~3 months
(90.59+54.66 days) after COVID-19 infection, revealed that
the systemic immune-inflammation index measured in the
emergency department predicted increased depression several
weeks after the clearance of the virus, while the severity of
depression symptoms was also associated with decreasing
grey matter (GM) volumes in the anterior cingulate cortex
(ACC) (51).

Of note, a multicenter observational study including
1,142 COVID-19 survivors reported that at ~7 months after
hospital discharge 16.2% of the patients presented self-rated
anxiety symptoms, while 19.7% depressive symptoms. The
female sex, the number of days spent at the hospital, the
number of pre-existing medical comorbidities, and the number
of lingering symptoms at hospital admission were significantly
associated with depressive symptoms, whereas only the
number of symptoms at hospital admission was associated
with anxiety (52).

Moreover, a longitudinal study that assessed 165 consecu-
tive non-neurological patients 6 months after hospitalization
due to COVID-19, reported that 26.7% of the patients presented
depressive symptoms or anxiety (53). Similarly, a larger cohort
study that assessed 1,733 hospitalized patients 6 months

following symptom onset demonstrated that 23% of these
patents experienced anxiety or depression (41). It is impor-
tant to note that the 1-year follow-up findings suggested an
exacerbation of psychiatric symptoms, as the proportion of
individuals with anxiety or depression increased significantly
from 23% at the 6-month assessment to 26% at the 12-month
assessment (36). Another 1-year follow-up study including
171 discharged patients with COVID-19 without a mental
health history revealed that 35.1% of these patients reported
anxiety and 32.2% depression (54). Accordingly, a cohort
study including 2,433 COVID-19 survivors, also identified
anxiety symptoms (10.4%) 1 year after hospital discharge,
albeit to a lesser extent (55).

Findings concerning the trajectory of depression and
anxiety symptoms are contradictory, as there are reports of
an increase over time [e.g., higher anxiety and depression
from the 6- to the 12-month assessment (36)], or results,
suggesting symptom amelioration [e.g., decrease in anxiety
at 1 month after admission (56), and also from the 1- to the
3-month assessment (40), as well as a decrease in depression at
1-month after admission (56)]. However, there are also reports
of non-significant changes noted at the follow-up assessment
[e.g., persistent anxiety 1 month after hospital discharge (46), as
well as depression 1 month after admission (57) that remained
unaltered between the 1- and 3-month assessment (40)].

As regards factors that may be associated with depression
and anxiety in patients with ‘long COVID’, a number of studies
have identified an elevated risk among COVID-19 survivors
with an increased disease severity, with differences arising
among patients who were treated at home or in outpatient
settings, those who were hospitalized or patients requiring
treatment in the ICU (30,41,42,58), although this connection
has been suggested to be rather weak for psychiatric compared
to neurological outcomes (42). Nevertheless, de Graaf et al (59)
indicated that depression and anxiety symptoms did not differ-
entiate between hospitalized patients treated in the ICU and
those in a general ward. Similar findings were obtained in
another study on a sample of COVID-19 survivors, with no
pre-existing neurological, psychiatric, or severe medical condi-
tion, referred to an outpatient rehabilitation program due to
persistent symptoms and/or sequelae of COVID-19 >3 months
following acute COVID-19 infection (60). Accordingly, other
studies did not find either differences in anxiety or depression
between COVID-19 survivors with varying degrees of severity
(e.g., mild, moderate, severe) (61,62), while Yuan er al (63)
reported that depression was not associated with the severity
of initial infection or a history of hospital admittance. As
regards the impact of comorbidities, while associations with
either depression (28) or both anxiety and depression symp-
toms (64), have been suggested, other studies have not found
any association between comorbidities and ‘long COVID’
symptoms (63,65,66).

There is evidence to indicate that patients with a history
of mental health issues may be at a higher risk of presenting
persisting depression symptoms (39,40); however, there are
also findings revealing that among COVID-19 survivors with
self-rated anxiety and depression, a high proportion does not
have pre-existing mental health conditions (58). Furthermore,
it should be noted that often, studies investigating mental
health sequalae among COVID-19 survivors, either define
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psychiatric history as an exclusion criterion or do not report
findings using standardized assessment with respect to
this (43). Crucially, a number of studies suggest that females
are, in general, more likely to display anxiety or depression
at follow-up (40,41,47,67); however, the absence of such an
association has also been reported (63).

Post-traumatic stress disorder and ‘long COVID’. Taking
into consideration the findings of previous studies regarding
previous coronavirus outbreaks, such as SARS and Middle
East respiratory syndrome (MERS), that reported significantly
elevated PTSD rates in survivors even after several months, it
is evident that the investigation of PTSD with respect to ‘long
COVID’ is of utmost importance (68,69).

Of note, in a previous study, among 402 patients assessed
at 1 month after hospital treatment, 28% presented PTSD (39),
while when a subsample of 226 survivors was reassessed
at 3 months, a significant decrease from the 1- to the 3-month
follow-up was identified with respect to PTSD symptoms (40).
Nevertheless, another prospective cohort study, assessing
251 hospitalized patients both at 1 and 3 months post-discharge,
reported that at 1 month, 24.5% of patients experienced PTSD,
a proportion that did not change significantly at the 3-month
post-discharge evaluation (46).

Furthermore, in a large cohort study including 760 hospi-
talized patients, assessed at a median of 65 days (i.e.,
~9 weeks) post-discharge, 10.5% screened positive for PTSD,
with patients having more physical symptoms at admission
and at follow-up being more likely to present PTSD symptom:s.
Patients with PTSD were more likely to experience persistent
symptoms of breathlessness, myalgia, anorexia and confusion,
whereas they were less likely to have returned to work (70).
Notably, in another large cohort study, among 767 COVID-19
survivors assessed at a median time of 81 days after discharge,
30.5% reported PTSD (71).

Crucially, in a cohort study, at 4 months after discharge,
PTSD was identified in 14.2% of 478 patients hospitalized due
to COVID-19 (48). Similarly, in a prospective, longitudinal
cohort study, among 1,077 patients assessed at a median of
5.9 months after hospital discharge, 12.2% reported symptoms
compatible with PTSD (72). Nevertheless, another 4-month
follow-up study including 238 hospitalized patients due to
severe COVID-19 found that at 4 months after discharge,
42.9% of the patients presented PTSD symptoms, while
17.2% of the patients reported moderate-to-severe symptom
severity (73).

Notably, a 12-month longitudinal study revealed that 24.6%
of the 171 discharged patients with COVID-19, without a mental
health history, reported PTSD at the follow-up assessment (54).
Of note, another study using a multimodal brain imaging
approach demonstrated that systemic immune-inflammation
during the acute phase predicted increased the risk of PTSD
symptoms at ~3 months (90.59+54.66 days) post-COVID,
while such symptoms were also associated with decreasing
GM volumes both, in the ACC and in the bilateral insular
cortex (S1).

As regards the risk factors, there is evidence to indicate that
psychological distress at the onset of illness may be predictive
of PTSD development (74), while higher levels of anxiety and
depression symptoms during the first week of hospitalization

have also been suggested to independently predict a higher
risk of developing PTSD symptoms at 1 month after hospital-
ization (56).

The setting of care (e.g., ICU, general hospital ward,
outpatient setting) has emerged as a risk factor for PTSD
in some studies (58,74); however, this is not the case in
others (40,59,73,75). Of note, in previous studies, no differ-
ences were found among COVID-19 survivors with different
levels of disease severity (e.g., mild, moderate, severe, or
critical disease) (61,62). In another study, hospitalization was
identified as a protective factor against developing PTSD,
when comparing to patients discharged from the emergency
department (76).

With respect to physical comorbidities, the findings
suggest that there is no association with PTSD development,
particularly following adjustment for other confounding
factors (73,76). Crucially, patients with pre-existing mental
health problems are likely to be at a greater risk of presenting
PTSD (39,40), even when controlling for other demographic
or clinically relevant factors (75); nevertheless, non-significant
associations have also been reported (77).

Furthermore, studies using either univariate or
multivariate analyses, have demonstrated that PTSD
symptoms more commonly present in females following
COVID-19 (39,40,75,77), particularly when treated in an
ICU (58). However, it is important to note that there is also
evidence to indicate that when adjusting for other variables, the
sex effect may lose statistical significance (46,76). On the other
hand, Bellan et al (73) indicated that the male sex was inde-
pendently associated with the presence of moderate-to-severe
PTSD symptoms.

The findings are not consistent regarding the role of body
mass index (BMI) with regards to PTSD. There is evidence
to suggest that a higher BMI (i.e., obesity) is associated with
PTSD, independently of other factors (75), while it has also
been indicated that this association is more pronounced in
patients treated in the ICU (58); nevertheless, other studies
have not found any such associations (73,76). Further factors
suggested to predict PTSD severity include previous traumatic
events, prolonged COVID-19 symptoms, stigmatization and a
negative view of the COVID-19 pandemic (77).

Sleep disturbances, fatigue, other neuropsychiatric symptoms
and ‘long COVID’. Sleep difficulties of varying degrees,
as well as fatigue, that can potentially be debilitating and
negatively affect the quality of life of patients, are among the
long-term effects that COVID-19 survivors may continue to
experience or even present for the first time weeks to months
following the initial infection (20,38). Furthermore, post-acute
neuropsychiatric manifestations of ‘long COVID’ include
memory impairment, concentration difficulties, headaches,
disorientation or confusion and obsessive-compulsive symp-
toms, among others (31,78).

In a previous prospective cohort study that assessed
251 survivors, at 1 month after discharge, 41.8% of the patients
experienced insomnia, 35.3% pain/discomfort, 26.8% prob-
lems in usual daily activities and 10.3% problems in self-care.
Among the aforementioned symptoms, none was significantly
altered at the 3-month post-discharge evaluation, apart from
insomnia, which improved significantly (i.e., affecting 25.5%
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of patients) albeit a number of patients still experienced sleep
disturbances (46).

Accordingly, in another study, 402 patients with
COVID-19 who were assessed at 1 month after hospital treat-
ment, 40% reported insomnia and 20% obsessive-compulsive
symptoms (39). Crucially, a significant decrease from the
1- to the 3-month follow-up assessment (in a subsample of
226 survivors) was recorded for insomnia, whereas notably,
obsessive-compulsive symptomatology worsened (40).
Furthermore, a significant proportion of patients (78%)
displayed poor performances in at least one cognitive domain,
with executive functions (50%) and psychomotor coordination
(57%) emerging as the most impaired, followed by attention
and information processing (33%), verbal fluency (32%),
working memory (24%) and verbal memory (10%). Notably,
baseline systemic inflammation predicted neurocognitive
performance at the 3-month follow-up (40).

Another study demonstrated that among 134 patients
with COVID-19 assessed after a median of ~3.8 months
post-discharge, 51.5% reported myalgia, 39.6% extreme
fatigue, 37.3% memory impairment, 35.1% sleep disturbances,
25.4% attention deficits and 9.7% cognitive impairment.
Females were more likely to suffer from sleep disturbances,
fatigue, myalgia and memory impairment compared to males,
while higher a BMI was significantly associated with myalgia
and fatigue (47). Crucially, in a larger retrospective cohort
study, including 932 hospitalized patients with COVID-19,
a relatively low proportion with respect to fatigue was noted
at 3 months after discharge (i.e., 1.8%) (79).

Of note, in another study with a 4-month follow-up,
including 94 survivors who had COVID-19-related pneumonia
withrespiratory failure,at 4 months after their discharge, 52% of
patients reported experiencing fatigue, 10% anorexia and 31%
insomnia (49). Similarly, in a 4-month post-discharge assess-
ment of 478 patients who were hospitalized due to COVID-19,
the neuropsychiatric symptoms reported included insomnia
(53.6%), fatigue (31.1%), memory difficulties (17.5%), persis-
tent paresthesia (12.1%), mental slowness (10.1%), memory
difficulties (10.0%) and headaches (5.5%), while cognitive
impairment was found in 38.4% of patients. Notably, 51% of
the COVID-19 survivors reported at least one symptom that
did not exist prior to the disease (48). Accordingly, in another
study among 200 hospitalized patients with severe-to-critical
COVID-19 infection, it was found that at 4-7 months from
disease-onset a significant proportion of patients experienced
significant fatigue (53.5%), decreased mobility (37.5%) and
pain (36.8%). Further neuropsychiatric symptoms included
cognitive difficulties, mainly in concentration and short-term
recall (12.5%), sleeping disturbances (14.6%), while 12.2% of
patients became frail (50).

A prospective, longitudinal cohort study that assessed
1,077 patients at a median of 5.9 months following hospital
discharge found that the most commonly reported persistent
symptoms at follow-up were aching muscles/pain (57.2%),
fatigue (worsening of symptoms reported by 56.2%), physical
slowing down (49.9%), slowing down in thinking (42.4%),
impaired sleep quality (worsening of symptoms reported
by 41.8%), joint pain or swelling (47.8%), limb weakness
(46.3%), difficulty with concentration (40.2%), short-term
memory loss (42.0%) and headaches (33.4%). Moreover,

less frequently reported symptoms included, among others,
confusion/fuzzy head, dizziness or lightheadedness, altered
personality/behavior and difficulty with communication. Of
note, 29% of the patients reported that they felt fully recovered
at follow-up, while non-recovery was associated with female
sex, middle age (40-59 years), two or more comorbidities and
more severe acute illness (72).

Of note, a previous cohort study, following a total of
952 patients with absent-to-mild COVID-19 symptoms for a
median time period of 6.8 months (i.e., 442 and 353 patients
observed over a period of 4 and 7 months after symptom onset,
respectively), demonstrated that while the most common
symptoms at disease onset included cough (64.4%), ageusia
(59.1%), anosmia (54.3%), body aches (53.2%), headaches
(53.1%) and fever (44.6%), the most frequently reported
symptoms at 4-month follow-up were anosmia (12.4%),
ageusia (11.1%), fatigue (9.7%) and shortness of breath (8.6%).
Intriguingly, symptoms such as anosmia (14.7%), shortness of
breath (13.6%), fatigue (14.7%) and ageusia (11.0%) were also
present at the 7-month assessment, while headaches (3.7%)
were also recorded (80).

Furthermore, a retrospective observational follow-up study
including 797 COVID-19 survivors who were hospitalized,
demonstrated that at 6 months post-discharge, 22.1% presented
fatigue, 3.8% muscle weakness, 15.3% musculoskeletal
pain, 5.3% headache, 3.4% paresthesia, 2.6% disorientation
or confusion, and 4.9% sleep disturbances (67). Another
6-month follow-up cohort study that evaluated 796 patients
with severe COVID-19 rehabilitation, found that the most
common neuropsychiatric symptoms at follow-up comprised
fatigue (25.3%) and sleep disorder (23.2%), while hypomnesia
(8.7%), dizziness and headache (1.9%) were also recorded (81).
Crucially, among 165 patients, 6 months after hospitalization
due to COVID-19, fatigue (33.9%), memory/concentration
complaints (31.5%), sleep disorders (31.5%), myalgias (30.3%)
and the loss of dependency in instrumental activities of daily
living (20.7%) emerged as the most common neuropsychiatric
symptoms (53). In another cohort study, poor sleep quality was
recorded 7 months after discharge in 34.5% of 1,142 patients
who were hospitalized due to COVID-19, while females,
patients with a higher number of days of hospital stay, a higher
number of comorbidities and a higher number of symptoms
at hospital admission were more likely to report poor sleep
quality (52).

Notably, a retrospective cohort study reported that among
236,379 patients diagnosed with COVID-19, the estimated
incidences at 6 months post-COVID were 1.40% for psychotic
disorders (0.42% for first such diagnosis), 6.58% for substance
use disorder (1.92% for first diagnosis), 5.42% for insomnia
(2.53% for first diagnosis), 2.10, and 0.67% for dementia (42).

Furthermore, in another study, among 1,733 patients hospi-
talized due to COVID-19, within 6 months from symptom
onset, 63% experienced symptoms of fatigue or muscle
weakness, 27% pain or discomfort, 26% sleep difficulties, 6%
dizziness, 2% myalgia and 2% headache (41). In a subsample
of 1,276 COVID-19 survivors who were assessed both
at 6 and 12 months following symptom onset, the majority of
the aforementioned neuropsychiatric symptoms appeared to
have improved. In particular, symptoms of fatigue or muscle
weakness decreased from 52 to 20%, while sleep difficulties
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from 27 to 17%. However, a statistically significant increase
was observed with respect to myalgia (from 3 to 4%) and
headache (from 2 to 5%), whereas no statistically significant
changes were noted for pain or discomfort (from 27 to 29%)
and dizziness (from 6 to 5%) (36).

Notably, the neuropsychiatric symptoms reported in a retro-
spective cohort study that assessed 2,433 COVID-19 survivors
at 1 year after their hospital discharge included fatigue (27.7%)
and myalgia (7.9%), while patients with severe disease during
hospitalization presented more frequently with post-COVID
symptoms (55). Importantly, in the aforementioned study, an
older age, female sex and severe disease during hospital stay
were associated with a higher risk of fatigue, while an advanced
age and severe disease were also associated with an increased
risk of having more post-infection symptoms. Furthermore,
another 1l-year follow-up study on 171 discharged patients,
reported neuropsychiatric symptoms including fatigue
(48.5%), memory complaints (32.2%), headaches (15.8%) and
paresthesia (7%). Notably, the most affected cognitive domain
was semantic verbal fluency (32.7%) followed by immediate
verbal memory/learning (20.5%), working memory/executive
function (12.3%) and delayed verbal memory (7.6%) (54).

Sleep disturbances persisting in patients even months after
acute COVID-19 infection have been highlighted in several
studies, with some of these indicating that almost half of
the survivors experience difficulties related to sleep (39,48),
although there is evidence for improvement over time (40,46).
The pivotal essential role of sleep in physical and mental
health is well-established (82). Vice versa, there is evidence
to indicate that insomnia and other mental health conditions
not only share common pathophysiological causes, but also
exhibit a bidirectional association, with disrupted sleep most
likely being a contributory causal factor for the occurrence of
major types of mental health disorders (83). Among patients
with ‘long COVID’, the female sex (39,40,47,52,81), a history
of mental health issues (39,40) and the number of comor-
bidities (52) are likely associated with an increased risk of
experiencing sleep disturbances. Of note, there are studies that
indicate no difference between patients admitted to hospital
as compared to those discharged from the emergency depart-
ment (76), or an association of sleep disorders with disease
severity (41,62,81); however there are also studies that associate
insomnia with the care setting/disease severity (e.g., patients
without hospitalization, patients with hospitalization, patients
with ICU admission or patients with encephalopathy) (30,42),
or highlight the number of symptoms at hospital admission
and the number of days spent at hospital, as risk factors for
a poor sleep quality (52). Nevertheless, a previous study also
found that patients that were not treated in the ICU presented a
lower sleep quality and higher daytime dysfunction compared
to those treated in the ICU, while no other differences were
noted in any of the other sleep-related dimensions (i.e., latency,
duration, efficacy, disturbance or medication use) (60).

Fatigue is among the most commonly reported symp-
toms that patients experience following the resolution of
acute COVID-19, while according to a recent meta-analysis,
~32% of individuals experienced fatigue at =12 weeks
following COVID-19 diagnosis (84). Females are, in
general, at a greater risk of experiencing persisting fatigue
post-COVID (41,47,67,81,85,86), either when treated in a

hospital ward or in the ICU (58), with differences being
observed even at 1 year of follow-up (36,55). Nevertheless, other
studies have reported no such associations (87,88). An older
age has been independently associated with fatigue or muscle
weakness (41) and higher rates of fatigue (87) at 6 months
post-discharge, as well as at the l-year follow-up (55),
whereas other findings suggesting an absence of significant
association have also been reported at the 10-week (85) and
1-year follow-up following discharge (36). Furthermore,
patients with a higher BMI are likely to experience increased
fatigue (47,89), although findings not supporting this associa-
tion have also been reported (58,85,87). Crucially, as regards
the impact of COVID-19 severity on post-viral fatigue, the
findings are not consistent. There are reports of severe disease
linked to a higher risk of fatigue at 3 months (62) and 6 months
after COVID-19 (30,53,90), as well as of fatigue or muscle
weakness (41) at 6 months post-discharge and fatigue up to
1 year post-discharge (55); however, in the study sample of
Huang et al this association has emerged only for the 6-month
assessment (41), but not the 12 month assessment (36). Of
note, another study assessing patients, with no neurological
or psychiatric history, at >3 months after acute COVID-19
infection, indicated that there was no significant association
between previous admission to ICU and fatigue (60), while
another study assessing fatigue at a median of 10 weeks after
the initial COVID-19 symptoms demonstrated that there was
no association between COVID-19 severity (need for inpatient
admission, supplemental oxygen or critical care) and fatigue
following COVID-19 (85). Accordingly, Shang et al (81) did
not find any differences between severe and critical illness
at 6-month follow-up assessment among patients with severe
COVID-19. Other risk factors for fatigue may include high
symptom load during COVID-19 (89), the length of hospital
stay (87), dyspnea during COVID-19 (89), confusion during
COVID-19 (89), previous depression (89), a pre-existing diag-
nosis of depression/anxiety (85), sleep disturbances (62), as
well as new neurological diagnoses (62). Of note, in the study
by Huang er al (36), therapy using corticosteroids during the
acute phase was associated with an increased risk of fatigue or
muscle weakness at 1 year post-discharge, whereas intravenous
immunoglobulin therapy in the acute phase decreased the risk
of persistent fatigue or muscle weakness. Townsend et al (85)
reported no association between routine laboratory markers
of inflammation and cell turnover (leukocyte, neutrophil or
lymphocyte counts, neutrophil-to-lymphocyte ratio, lactate
dehydrogenase, C-reactive protein) or pro-inflammatory
molecules [interleukin (IL)-6 or sCD25] and fatigue post
COVID-19, while Liang et al (91) found that serum troponin-I
levels during acute illness correlated positively with fatigue
after hospital discharge.

Cognitive impairment persisting in patients with
COVID-19, is particularly concerning, as apart from the
individual physical/mental health and social repercus-
sions, this may also translate into a major global healthcare
and economic burden (84). Cognitive impairment/deficits
reported following the resolution of acute COVID-19 symp-
toms, may include difficulties in concentration, memory,
attention, language, executive function, encoding and verbal
fluency, and visuospatial function, among others (20,78,92).
A previous systematic review and meta-analysis regarding
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the psychiatric and neuropsychiatric presentations associated
with severe coronavirus infections, such as SARS or MERS,
demonstrated that during the acute illness, common cognitive
problems among hospitalized patients included confusion
[prevalence, 27.9%; 95% confidence interval (CI), 20.5-36.0],
an impaired concentration or attention (prevalence, 38.2%;
95% CI, 29.0-47.9) and impaired memory (prevalence,
34.1%; 95% CI, 26.2-42.5), while an impaired concentra-
tion or attention (prevalence, 19.9%; 95% CI, 14.2-26.2) and
memory impairment (prevalence, 18.9%; 95% CI, 14.1-24.2)
were frequently reported during the post-illness stage as
well (93). Notably, a recent meta-analysis revealed that ~22%
of individuals experienced fatigue =12 weeks following
the diagnosis of COVID-19 (84). Disease severity has been
associated with cognitive deficits, such as deficits related to
memory [i.e., memory complaints (53), memory deficits (30),
hypomnesia (81)], confusion (53) and visual disturbances (53).
Nevertheless, there are studies that fail to support such a
connection. In particular, de Graaf ef al (2021) did not find
any significant differences with regards to cognitive func-
tion between patients treated in a general hospital ward and
those admitted to the ICU (59). Accordingly, in the study
by De Lorenzo et al (76), patients admitted to hospital as
compared to those discharged from the emergency department
did not differ as regards self-reported cognitive impairment
measures. Furthermore, a study assessing patients in an
outpatient rehabilitation program due to persistent symptoms
and/or sequelae of COVID-19, with no prior neurological or
psychiatric history, indicated that there was no significant
association between previous admission to the ICU and orien-
tation, attention, verbal learning, long-term verbal memory,
verbal recognition, working memory or executive control (60).
Importantly, Méndez et al (94) did not find an association
between sex and neurocognitive impairment at the 2-month
post-discharge assessment, while Shang et al (81) did not
find any differences in hypomnesia between male and female
patients at the 6-month follow-up among patients with severe
COVID-19. Nevertheless, according to other studies, females
were more likely than males to report memory impairment (47),
a poor performance in working memory (40), disorientation
or confusion (67). Of note, delirium during hospitalization
and stress-related symptoms have been found to be associated
with an increased likelihood of neurocognitive impairment at
2-month assessment (94), while according to Mazza et al (40)
neurocognitive impairments were associated with severity of
depressive psychopathology, while processing speed, verbal
memory and fluency, and psychomotor coordination were
predicted by baseline systemic inflammation.

3. Pathophysiological mechanisms underlying neuro-
psychiatric symptoms of ‘long COVID’

Significant strides have been made recently in the understanding
of the underlying pathophysiology of neuropsychiatric compli-
cations following acute COVID-19 infection (Fig. 1). The
neuroinvasive potential of coronaviruses has long been recog-
nized; however, the precise route of entry of SARS-COV-2
in the nervous system remains only partially elucidated (95).
The retrograde transport of viral antigens along the axons of
both the olfactory neurons (96-99) and vagus nerve (100) has

been suggested by research using animal models, while the
Spike (S) viral protein has been shown to have the capacity of
crossing the blood-brain barrier in mice (101). Additionally,
SARS-COV-2 has the ability to enter host cells directly by
binding its Spike protein to the angiotensin-I converting
enzyme 2 (ACE2) (102), which is abundantly expressed in
neural tissue-namely endothelial cells, neurons, glial cells,
brain nuclei, etc. (103). The strong binding affinity of the
Spike protein to ACE2 (104) and the potential use of CD147
as a route of entry into cells (105), leads to a robust immune
response, with infected macrophages releasing significant
amounts of Th-1 (IL-1f, IL-6, interferon-y, tumor necrosis
factor-a, CXCL10 and CCL2) and Th-2 cytokines (IL-4,IL-10
and IL-1 receptor antagonist) (106,107). Notably, IL-6 is the
main contributor to the dysregulated inflammatory response
induced by the virus (108).

Those direct effects of acute COVID-19 infection may
subsequently contribute to the symptomatology noted in
‘long COVID’. It should, nevertheless, be noted that the
exact mechanisms of ‘long COVID’ remain poorly delin-
eated to date, while new evidence continues to emerge.
Anxiety syndromes, depression and cognitive impairment
are considered to have a multifactorial origin, with somatic,
functional and psychosocial factors all contributing to
the clinical picture. The psychological stressors of social
isolation and infection with a novel potentially fatal virus,
as well as the fear of infecting others or being stigmatized,
all play a key role (109-111). The activation of the hypothal-
amus-pituitary-adrenal glands axis observed in patients with
COVID-19 mediates glucocorticoid secretion (i.e., the main
hormonal response to physical and mental stress stimuli)
and is also one of the main neurobiological mechanisms
in depression as it inhibits neurogenesis and decreases the
proliferation and survival of nerve cells in the dentate gyrus
of the hippocampus (112-114).

The cytokine storm as part of the systemic hyperinflamma-
tory state observed in acute COVID-19 infection, also plays a
key role in persistent maladies, precipitated by changes in cere-
bral perfusion, an increased permeability of the blood-brain
barrier, changes in astrocytes involved in synaptogenesis and
the imbalance of neurotransmitters (115). These molecules
dysregulate neurogenesis, causing neurons, oligodendrocytes
and glial cells to lose their physiological function (116). This
occurring disruption of neuronal plasticity, synaptic function,
myelination and blood-brain barrier maintenance can subse-
quently impair cognitive function and may lead to a number of
the long-term neuropsychiatric symptoms of COVID-19 (117).
Of note, previous studies have demonstrated that the systemic
immune-inflammation index (SII) was elevated at the 3-month
follow-up in patients reporting depressive and cognitive
impairment symptomatology (39,118). The SII is an objec-
tive marker of host systemic inflammation and immune
response, implicating neutrophils, platelets and lymphocytes,
cells involved in various inflammatory pathways. Individuals
who presented with a marked decrease in the SII exhibited
a decrease in the severity of depression, while by contrast,
increased levels of SII had a negative effect on neurocognitive
performance (memory, verbal fluency, speed of information
processing, psychomotor coordination), since this elevation
reflects prolonged systemic inflammation (40).
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Figure 1. Pathophysiological mechanisms implicated in acute and ‘long-COVID’ neuropsychiatric sequelae. (A) In acute COVID-19 infection, SARS-CoV-2
enters the CNS via hematogenous transmission or retrograde transport along the axons of the olfactory (94-97) and vagus nerve (100). Vagus nerve affection
may lead to autonomic dysregulation, impaired cerebral autoregulation and subsequent brain hypoxia (100). Moreover, the SARS-CoV-2-induced cytokine
storm results in impaired blood-brain barrier function and increased blood-brain barrier permeability. The latter induces the transmigration of virus-infected
leukocytes into the CNS, the activation of microglial cells and astrocytes, which in turn trigger apoptotic cascades and demyelination, respectively. At the
neuronal level (illustrated in the magnified inset), SARS-CoV-2 cell entry is mainly facilitated by the ACE2 receptor, located on the surface of neuronal cells.
Intracellular inflammatory responses in the setting of acute SARS-CoV-2 infection induce lysosomal, mitochondrial and endoplasmic reticulum dysfunction,
while protein misfolding and intracellular accumulation of protein aggregates may induce long-lasting neurodegenerative cascades (132). (B) In ‘long-COVID’
syndrome, neuropsychiatric deficits have been mainly associated with ongoing inflammatory, metabolic and degenerative processes, which have been linked to
‘ACE2-rich’ brain areas, extending from the somatosensory cortex to the rectal/orbital gyrus, the temporal lobe, the thalamus and hypothalamus, and further,
to brainstem and cerebellar regions (133). Serotoninergic pathways are depicted in purple. Apart from serotoninergic pathways, further neurotransmitter
imbalances (not illustrated), including acetylcholine, dopamine and histamine have been found to be linked to lingering neuropsychiatric symptoms noted in
patients with ‘long-COVID’ (134). The image was created using BioRender (https://biorender.com). CNS, central nervous system; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2; ACE2, angiotensin-converting enzyme 2.

Another factor that also may account for the delayed
sequelae of COVID-19 is the failure of reactive neuroglia to
return to the physiological state. Neuroglia undergo complex
remodeling in response to systemic pathology, a process
known as gliosis, in order to remove pathogens, strengthen
brain-organism barriers and contribute to the regenerative
potential of the CNS (116). This reactive response results in the
formation of a glial scar isolating the damaged area, protecting
the adjacent healthy nervous tissue (119). The resolution of
systemic pathology is what enables the restoration of homeo-
static status of neuroglial cells. Post-mortem examinations
of the brains of patients with COVID-19 have highlighted a
perturbed glial homeostasis, with significant changes in both
astrocytes and microglia (120). These alterations are consis-
tent with morphological and functional astrocyte remodeling
in chronic stress and major psychiatric diseases (121,122).

Autonomic dysfunction, either due to dysfunction related
to the initial infection (123-126) or mediated by autoan-
tibodies (127) (possibly to adrenoceptors and muscarinic
receptors), has been hypothesized to cause orthostatic
intolerance syndrome in patients with ‘long COVID’. The
concomitant involvement of other organs, such as the heart or
lungs, is prominent and associated with neurological sequelae,
while perturbed viral infection-induced colon inflammation,
gut microbial imbalance and a-synuclein upregulation play a

role in the disruption of interplay between the gastrointestinal
tract and the CNS (128).

The formation of thrombi due to endothelial dysfunction,
hypercoagulability and the lingering cytokine storm in patients
with ‘long COVID’ may be associated with a high incidence of
thrombotic cerebral complications (129). Additionally, direct
damage to the blood-brain barrier by the virus and hyper-
tension due to elevation in ACE2 may cause hemorrhagic
complications with persistent sequelae following the resolution
of acute SARS-CoV-2 infection (130). The high susceptibility
of white matter to ischemia renders it particularly vulnerable
to ischemic changes. Furthermore, long-term alterations have
recently been confirmed by the neuroradiological evidence
of structural damage and impaired functional integrity of the
brain, at a 3-month follow-up of COVID-19 survivors (131).

4. Conclusion

The present review article has provided insight into the
long-term neuropsychiatric effects of COVID-19, while
presenting a comprehensive overview of published epide-
miological data to date, as well as research evidence on the
pathophysiological mechanisms underlying the neuropsy-
chiatric manifestations of ‘long COVID’. Considering the
disconcerting effects of COVID-19 and the global dimensions
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of the pandemic, interdisciplinary cooperation is warranted
for the early identification of patients who are at a high risk
of developing persistent neuropsychiatric deficits following
recovery from acute disease. To this end, it is of paramount
importance to ensure that appropriate integrated physical and
mental health support is provided, with the aim of mitigating
the risks of long-term disability at an individual and societal
level.
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