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Abstract. The ongoing coronavirus disease 2019 (COVID‑19) 
pandemic has had a widespread impact on individuals' mental 
health through indirect psychological and social mechanisms, 
related to factors such as fear of infection or death, social isola‑
tion, lack of social support and financial instability. The severe 
acute respiratory syndrome coronavirus 2 (SARS‑CoV‑2) 
infection has also been associated with the development or 
recurrence of neuropsychiatric symptoms, both during the 
acute phase, as well as during the post‑acute ‘long‑COVID’ 
phase. In addition to the COVID‑19 survivors with a mental 
health history that are at a high risk of experiencing a range 
of neuropsychiatric symptoms following resolution of acute 
COVID‑19, there is accumulating evidence that a diagnosis 
of COVID‑19 may also be associated with new‑onset neuro‑
psychiatric morbidity among survivors without pre‑existing 
mental health disorders. In particular, studies investigating 
the incidence of post‑acute neuropsychiatric sequelae, 
based mostly on retrospective cohort study designs and data 

from national health registries, have reported the develop‑
ment of new‑onset manifestations, including depression, 
anxiety, psychotic symptoms, sleep disturbances and fatigue. 
Nevertheless, when COVID‑19 survivors were compared with 
SARS‑CoV‑2‑negative controls and especially survivors of 
other disorders (such as influenza), the findings regarding the 
risk of incident neuropsychiatric manifestations varied among 
studies. While there is evidence of an association between 
SARS‑CoV‑2 infection and the subsequent occurrence of 
new‑onset neuropsychiatric symptoms, especially among 
patients with increased disease severity, further research using 
methodological approaches less susceptible to confounding 
bias is required to establish causal relationships.
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1. Introduction

The ongoing coronavirus disease 2019 (COVID‑19) pandemic 
has had significant repercussions on health systems globally, as 
well as a profound impact on individuals' mental health (1‑5). 
Furthermore, there is evidence to suggest that severe acute 
respiratory syndrome coronavirus 2 (SARS‑CoV‑2) infection 
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may be associated with the presence of neuropsychiatric mani‑
festations during the acute phase of COVID‑19, and a number 
of individuals may experience a range of new, recurring or 
ongoing symptoms, including neuropsychiatric manifesta‑
tions, that persist beyond the acute illness and comprise a 
condition that is colloquially referred to as ‘long‑COVID’ 
syndrome (6‑10). In particular, neuropsychiatric symptoms 
associated with ‘long‑COVID’ may include depression, anxiety, 
post‑traumatic stress symptoms, sleep disturbances, fatigue, 
cognitive impairment/deficits and psychotic features, which 
can potentially become debilitating and have a disconcerting 
impact on the well‑being of COVID‑19 survivors (10,11).

Previous studies have reviewed neuropsychiatric symptoms 
associated with ‘long‑COVID’ syndrome and their correlates, 
highlighting the long‑term effects of COVID‑19 on the mental 
health of individuals, especially among vulnerable groups (i.e. 
patients with mental health history) (10‑15).

Nevertheless, as researchers strive to identify the mecha‑
nisms implicated in the neuropsychiatric manifestations of 
‘long‑COVID’, it is of crucial importance to better understand 
the potential new‑onset mental health symptoms that may 
follow initial recovery from an acute COVID‑19 infection 
or persist beyond the acute illness. The aim of the present 
review was to provide a comprehensive overview of the 
published literature on new‑onset neuropsychiatric sequelae of 
COVID‑19 and to provide insight into the putative underlying 
pathophysiological mechanisms.

2. New‑onset neuropsychiatric sequelae in COVID‑19 
survivors

Studies attempting to investigate the association of long 
COVID with new‑onset neuropsychiatric manifestations have 
mainly used retrospective cohort study designs and data from 
national health registries (16‑25). In most of these studies, 
which have attempted to investigate the incidence of neuropsy‑
chiatric symptoms among COVID‑19 survivors, individuals 
with pre‑existing psychiatric problems were excluded (specific 
criteria vary within each study design). Moreover, in order to 
explore whether COVID‑19 survivors experience a higher risk 
of presenting neuropsychiatric manifestations, most studies 
have included as control group individuals without COVID‑19 
or survivors of other disorders, usually influenza, while 
sub‑analyses of hospitalized or non‑hospitalized patients have 
also been applied (Table I).

A population‑based cohort study by Lund et al (18) using 
Danish registry data comprised 8,983 patients who tested posi‑
tive for SARS‑CoV‑2 infection (follow‑up was from 2 weeks 
after a positive test to 6 months) during the first wave of the 
COVID‑19 pandemic (February‑May 2020), who were alive and 
not admitted to hospital 2 weeks after their positive test. This 
previous study also included 1,310 patients who tested positive 
for SARS‑CoV‑2 and were admitted to hospital within 2 weeks 
of their test, along with a matched SARS‑CoV‑2‑negative 
reference population of 80,894 individuals. Notably, 
non‑hospitalized patients positive for SARS‑CoV‑2 [27 out of 
8,586 (0.3%)] presented a statistically significantly lower risk 
[adjusted risk ratio (aRR), 0.62; 95% confidence interval (CI), 
0.42‑0.91] for first‑ever psychiatric diagnosis compared with 
their SARS‑CoV‑2‑negative counterparts [429 out of 74,641 

(0.6%)]. Among patients positive for SARS‑CoV‑2, regarding 
first‑ever diagnosis of psychiatric illnesses, no differences 
emerged with respect to hospital admission status (no vs. 
yes; RR, 0.63; 95% CI, 0.26‑1.52). Notably, in comparison 
with SARS‑CoV‑2‑negative individuals, patients positive 
for SARS‑CoV‑2 were not at an increased risk of initiating 
psychiatric drugs, including antidepressants (aRR, 0.84; 95% 
CI, 0.62‑1.13), benzodiazepines and Z‑drugs (aRR, 1.03; 95% 
CI, 0.75‑1.41) or antipsychotics (aRR, 0.93; 95% CI, 0.61‑1.42).

In another cohort study by Abel et al (21), the risk of incident 
mental health symptoms occurring following SARS‑CoV‑2 
infection (follow‑up was from 1  week to 10  months) was 
investigated using data from a UK primary care registry 
(February‑December 2020), including 86,922 patients positive 
for SARS‑CoV‑2 and 345,764 matched controls with a nega‑
tive SARS‑CoV‑2 test result (without mental distress, sleep 
problems or fatigue in the preceding 5 years). In this previous 
study, having a positive result on a SARS‑CoV‑2 test was 
associated with an increased risk of any psychiatric morbidity 
[adjusted hazard ratio (aHR), 1.83; 95% CI, 1.66‑2.02] and of 
being prescribed psychotropic medication (aHR, 2.24; 95% CI, 
2.09‑2.40). The association between SARS‑CoV‑2 infection 
and psychiatric morbidity was greater for older adults, while 
women with a positive SARS‑CoV‑2 test had a higher inci‑
dence for all outcomes compared with men, albeit the relative 
increase associated with a positive test result was larger for 
men than for women based on tests for equivalence of aHRs. 
Notably, a higher risk of psychiatric manifestations was also 
found for individuals with influenza compared with control 
individuals (aHR, 2.98; 95% CI, 1.55‑5.75). Crucially, the 
results of a further analysis of that study to explore confounding 
bias (using a negative exposure control) were, according to the 
authors, suggestive of unobserved confounding.

In a nationwide cohort study in South Korea (data 
extracted, January‑June 2020; follow‑up until December 
2020), Park et al  (26) used data from the National Health 
Insurance Service COVID‑19 database, and compared 6,148 
COVID‑19 survivors with 254,735 individuals without a 
COVID‑19 diagnosis, after excluding individuals with mental 
health history prior to 2020. Newly diagnosed mental disor‑
ders were significantly more frequent in the COVID‑19 cohort 
[738 out of 6,148 (12.0%)] compared with the control group 
[19,524 out of 254,357 (7.7%); P<0.001].

In accordance with the results of the previous study, 
Taquet  et  al  (20) performed a retrospective cohort study 
(January‑December 2020) using electronic health records in 
the USA. This previous study investigated the incidence of 
first neurological/psychiatric diagnoses (i.e. excluding those 
diagnosed before the index event) among 236,379 COVID‑19 
survivors in the 6  months post‑infection (i.e. 1‑180  days 
post‑index event) and compared associated risks with two 
propensity score‑matched control cohorts of 105,579 patients 
diagnosed with influenza and of 236,038 patients with any 
respiratory tract infection (RTI), including influenza, during 
the same period. According to the findings of this study, 8.63% 
(95% CI, 8.28‑8.98) of the survivors received a first diagnosis of 
any psychiatric disorder (either anxiety disorder, mood disorder 
or psychotic disorder) in the 6 months after COVID‑19 diag‑
nosis, whereas the estimated incidence was higher for patients 
with intensive care unit (ICU) admission (12.96; 95% CI, 
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12.28‑14.24). Notably, a first diagnosis of a psychiatric disorder 
was more common in COVID‑19 survivors in comparison to 
both patients with influenza (HR, 1.81; 95% CI, 1.69‑1.94) and 
those presenting other RTIs (HR, 1.48; 95% CI, 1.42‑1.55).

It should be noted that a previous retrospective cohort 
study (16), which was performed by the same research group 
using USA electronic health records (January‑August 2020), 
assessed the incidence of first psychiatric diagnoses in 44,779 
COVID‑19 survivors, without pre‑existing psychiatric illness, 
at 14‑90 days post‑COVID‑19 diagnosis and also compared 
associated risks with matched control cohorts presenting 
with other health events (including influenza, other RTIs, 
skin infection, cholelithiasis, urolithiasis and fracture of a 
large bone). Among the COVID‑19 survivors, 5.8% (95% CI, 
5.2‑6.4) had their first recorded diagnosis of psychiatric illness 
in comparison to 2.5‑3.4% of patients in the aforementioned 
control cohorts.

In accordance with the findings of previous studies 
suggesting an increased risk for new‑onset psychiatric disease 
in the post‑COVID‑19 period, a propensity score‑matched 
retrospective cohort study was conducted to compare US 
veterans who were tested for COVID‑19 between February 
2020 and March 2021 vs. patients with negative SARS‑CoV‑2 
test results (22). Incident conditions were defined as conditions 
that developed during a follow‑up period of 7 days to 3 months 
post‑index date in patients without such pre‑existing condi‑
tions. COVID‑19 survivors (15.9% out of 778,738 veterans), 
particularly those who required hospitalization, developed 
new‑onset neuropsychiatric symptoms at a significantly higher 
rate than those without COVID‑19. In the outpatient setting, 
the results were more perplexing. Although the incidence of 
mental health conditions was overall rather low (0.2‑1.5%), 
patients with COVID‑19 presented a significantly lower inci‑
dence of mental health conditions than patients negative for 
COVID‑19. When comparing the incidence of mental health 
conditions between COVID‑19‑positive matched patients who 
were hospitalized to those treated as outpatients, it emerged 
that hospitalization was associated with a significantly higher 
incidence and odds of developing mental health conditions.

Another study in veteran patients (n=3,518), who were all 
hospitalized for COVID‑19, between March and August 2020, 
revealed that 277 (7.9%) patients developed a new mental 
health diagnosis following hospitalization (i.e. having not been 
diagnosed with the specific condition within 2 years prior to 
hospitalization) (23). Younger patients and those residing in 
rural areas were more likely to develop new mental health 
diagnoses, whereas women and patients with more comorbidi‑
ties were less likely to develop new diagnoses.

Furthermore, a recent cohort study of US veterans 
(March 2020‑November 2021) estimated the risks of incident 
mental health disorders in COVID‑19 survivors (i.e. without 
a history of the mental health outcome in the 2 years prior 
to the beginning of follow‑up)  (25). This previous study 
included 153,848 individuals who survived the first 30 days 
of SARS‑CoV‑2 infection, 5,637,840 individuals as a contem‑
porary control group with no evidence of SARS‑CoV‑2 and 
5,859,251 individuals as a historic pre‑pandemic control group 
(totalling 13,052,788 person‑years of follow‑up). The results 
of this study showed that compared with their contemporary 
SARS‑CoV‑2‑negative counterparts, COVID‑19 survivors 
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presented an increased risk of any incident mental health 
diagnosis (HR,1.46; 95% CI, 1.40‑1.52), any incident mental 
health‑related drug prescription (HR, 1.86; 95% CI, 1.78‑1.95), 
and any incident mental health diagnosis or prescription (HR, 
1.60; 95% CI, 1.55‑1.66). The risks of examined outcomes 
were found to be increased even among non‑hospitalized 
individuals but were the highest among patients hospitalized 
during the acute phase of COVID‑19. Findings were also 
consistent in comparisons performed using the historic control 
group. Furthermore, the risk of incident mental health disor‑
ders was higher in patients with COVID‑19 compared with 
both patients with seasonal influenza and individuals admitted 
to hospital for any other cause.

Iosifescu  et  al  (17), in a retrospective cohort study 
performed in a large healthcare network in New York City, 
USA, screened patients with COVID‑19 and influenza 
(January 2020‑June 2021) for the presence of new‑onset neuro‑
logical/neuropsychiatric symptoms persisting ≥2 weeks past 
COVID‑19 or influenza diagnosis, respectively. Notably, those 
with pre‑existing neurological/neuropsychiatric symptoms 
were excluded. New‑onset neuropsychiatric symptoms were 
recorded in 2.05% (388 out of 18,881) of COVID‑19 survivors 
and in 2.58% (149 out of 5,772) of patients with influenza. It 
should be noted that patients with influenza presented neuro‑
psychiatric manifestations similar to COVID‑19 survivors, 
apart from a lower incidence of altered mental status and a 
non‑significantly lower incidence of fatigue. The mean onset 
of neurological/neuropsychiatric symptoms among COVID‑19 
survivors was 138 days post‑diagnosis, with inpatients expe‑
riencing symptoms significantly earlier than outpatients (120 
vs. 146 days, respectively). Conversely, patients with influenza 
displayed a significant delay in symptom onset (mean onset, 
238 days) compared with COVID‑19 survivors. These findings 
could indicate that COVID‑19, in comparison to other respira‑
tory viruses, may induce early neurological/neuropsychiatric 
manifestations, whereas severe and mild COVID‑19 infection 
may be potentially associated with earlier symptom onset or 
more gradual development of neurological/neuropsychiatric 
manifestations, respectively. Furthermore, compared with 
patients with COVID‑19 without neurological/neuropsychi‑
atric symptoms, patients with COVID‑19 with such symptoms 
were older, more likely female and had lower levels of labora‑
tory parameters, such as lactate dehydrogenase, C‑reactive 
protein (CRP) and D‑dimer. Conversely, race, ethnicity, hospi‑
talization status, body mass index (BMI), blood urea nitrogen 
(BUN), lymphocytes, leukocytes and comorbidities were not 
significantly associated with neurological/neuropsychiatric 
symptoms among COVID‑19 survivors. Among patients 
with new‑onset neurological/neuropsychiatric symptoms, 
COVID‑19 survivors compared with patients with influenza, 
were significantly older, prevalently male and presented 
higher hospitalization rate, BMI, as well as laboratory values 
(i.e. CRP, D‑dimer and BUN).

One of the largest published studies on the incidence 
of neuropsychiatric disorders post‑COVID thus far is an 
English cohort study  (24). This previous study comprised 
data from 8.38 million adults (January 2020‑July 2021), 
including 16,679 (0.20%) individuals surviving hospitaliza‑
tion for severe acute respiratory infections (SARI) other 
than COVID‑19 and 32,525 (0.39%) individuals surviving 

hospitalization for COVID‑19. These patient groups were 
compared with the remaining general population regarding 
new‑onset diagnoses of neuropsychiatric conditions (indi‑
viduals with previous records of the outcome of interest were 
excluded) or first psychiatric medication prescription during 
12 months of follow‑up from hospital discharge. Both SARI 
survivors and COVID‑19 survivors displayed a higher risk 
for new‑onset neuropsychiatric diagnosis post‑discharge for 
all studied outcomes compared with the general population. 
Nevertheless, no significant differences were observed when 
COVID‑19 survivors were compared with SARI survivors 
regarding new‑onset neuropsychiatric symptoms. Regarding 
the first recorded neuropsychiatric prescription after hospital 
discharge, the risks were significantly higher in survivors of 
SARI and hospitalized patients with COVID‑19 compared 
with the remaining population for all medications analysed 
(i.e. antidepressants, hypnotics/anxiolytics and antipsychotics). 
Conversely, no significant differences emerged between 
the COVID‑19 and the SARI cohort, except for a lower 
risk of antipsychotic prescriptions in COVID‑19 survivors 
(aHR, 0.80; 95% CI, 0.69‑0.92).

Similar results suggesting an excess risk for new‑onset 
neuropsychiatric diagnoses during the post‑COVID period 
were found in a retrospective electronic health record cohort 
study (January 2020‑October 2021) by Coleman et al (19), 
including 46,610 propensity score‑matched patient pairs of 
individuals positive for COVID‑19 and comparable controls 
with RTI diagnosis. This previous study investigated the 
incidence of new‑onset mental illness from day 21 to 1 year 
following initial presentation (patients with any psychiatric 
diagnosis during COVID‑19 infection, i.e. first 21 days after 
diagnosis or prior to COVID‑19 infection, were excluded). A 
statistically significant difference was identified in the hazard 
rate of new‑onset psychiatric sequelae between COVID‑19 
and control groups in the early post‑acute phase (from 21 to 
120 days), but not in the late post‑acute phase (from 121 to 
365 days). In particular, the estimated incidence proportion of 
a new‑onset psychiatric diagnosis in the early post‑acute phase 
for the COVID‑19 group was 3.8% (95% CI, 3.6‑4.0), which 
was significantly higher than the 3.0% (95% CI, 2.8‑3.2) for 
the RTI group (HR, 1.3; 95% CI, 1.2‑1.4).

From the previous evidence, new‑onset neuropsychiatric 
morbidity seems strongly associated with respiratory infec‑
tions, particularly SARS‑CoV‑2. Nevertheless, the findings 
regarding increased neuropsychiatric incidence in survivors 
of COVID‑19 in comparison with other respiratory infec‑
tions vary among studies. Since most studies suffer from 
methodological limitations and biases, future well‑designed 
cohorts, basic research studies and focused meta‑analyses are 
required to evaluate the true extent of the association between 
‘long‑COVID’ and new‑onset neuropsychiatric disorders.

New‑onset affective and anxiety symptoms and ‘long‑COVID’. 
In studies investigating new‑onset neuropsychiatric manifes‑
tations in COVID‑19 survivors without pre‑existing mental 
health problems, depression and anxiety emerge among the 
most commonly reported symptoms.

In particular, Taquet et al  (20) found in a retrospective 
cohort study of 236,379 COVID‑19 survivors that 1‑180 days 
post‑COVID‑19 diagnosis, 7.11% (95% CI, 6.82‑7.41; ICU 
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admission, 9.79; 95% CI, 8.65‑11.06) received a first diagnosis 
of an anxiety disorder, whereas 4.22% (95% CI, 3.99‑4.47; 
ICU admission, 5.82; 95% CI, 4.86‑6.97) received a first diag‑
nosis of a mood disorder. When compared with patients with 
influenza and patients with other RTIs, COVID‑19 survivors 
had higher probabilities of new‑onset anxiety (HR 1.78 and 
1.48, respectively) and mood disorder (HR 1.79 and 1.41, 
respectively). In a previous retrospective cohort study (16) 
from the same research group, including 44,779 COVID‑19 
survivors, it emerged that 14‑90 days post‑COVID‑19 diag‑
nosis, 2.0% (95% CI, 1.7‑2.4) received their first recorded 
diagnosis of a mood disorder (depressive episode, 1.7; 95% CI, 
1.4‑2.1; mania/bipolar, 0.1; 95% CI, 0.04‑0.25), whereas 4.7% 
(95% CI, 4.2‑5.3) received their first diagnosis of a anxiety 
disorder; both were found to present more commonly in the 
COVID‑19 cohort compared with the influenza and other 
RTI matched cohorts. When anxiety disorders were analysed 
individually, adjustment disorder (0.94; 95% CI, 0.74‑1.2) and 
generalized anxiety disorder (0.85; 95% CI, 0.66‑1.1) were 
the most frequent, followed by post‑traumatic stress disorder 
(PTSD; 0.25; 95% CI, 0.16‑0.4) and panic disorder (0.26; 95% 
CI, 0.17‑0.4), whereas obsessive‑compulsive disorder (OCD) 
presented rarely (0.04; 95% CI, 0.008‑0.17).

Furthermore, Park et al (26) in a South Korean nation‑
wide cohort study, compared 6,148 COVID‑19 survivors 
with 254,735 individuals without a COVID‑19 diagnosis and 
found that significantly more COVID‑19 survivors presented 
anxiety and stress‑related disorder (8.0 vs. 5.2%, P<0.001), as 
well as mood disorders without psychotic features (5.6 vs. 3%, 
P<0.001).

A prospective cohort study by Rivera‑Izquierdo et al (27) 
in Spain investigated the incidence (symptoms that were 
present prior to hospital admission were excluded) of sequelae 
or persistent symptoms 12  months after discharge in 453 
individuals hospitalized due to COVID‑19 compared with an 
equal number of individuals hospitalized due to other causes 
(March‑April 2020) and discharged alive. According to the 
findings of this study, a higher incidence of anxiety symptoms 
was noted in COVID‑19 survivors compared with in individ‑
uals hospitalized due to other causes (7.3 vs. 3.1%; RR, 2.36; 
95% CI, 1.28‑4.34), while no differences emerged in depres‑
sive symptoms (4.0 vs. 3.5%; RR, 1.13; 95% CI, 0.58‑2.18).

Consistent with the a forement ioned f indings, 
Coleman et al (19), in a retrospective cohort study of 46,610 
propensity score‑matched patient pairs of individuals positive 
for COVID‑19 and comparable controls with a RTI diagnosis 
indicated that new‑onset anxiety disorder diagnosis was 
significantly increased for patients with COVID‑19 compared 
with patients with RTI in the early post‑acute phase (HR, 1.3; 
95% CI, 1.1‑1.4), but not during the interval of 121‑365 days 
following initial presentation (HR, 1.0, 95% CI, 0.91‑1.1). 
However, regarding new‑onset mood disorders, no differences 
emerged in the early post‑acute phase (21‑120 days) or in the 
late post‑acute phase (121‑365 days).

Conversely, Patel et al (22), in a retrospective cohort study 
of US veterans, found that COVID‑19 survivors that required 
hospitalization, compared with propensity‑matched hospital‑
ized patients negative for COVID‑19, displayed significantly 
higher incidences of a depressive episode (6.6 vs. 4.3%; 
P<0.001) and adjustment disorder (2.5 vs. 1.7%, P<0.001), 

whereas no statistically significant differences emerged 
regarding the incidence of panic disorder, generalized anxiety 
and PTSD. With respect to admission to hospital, hospital‑
ized patients with COVID‑19 compared with those treated 
as outpatients demonstrated higher incidences of depressive 
episodes (6.6 vs. 1.2%; P<0.001), panic disorder (0.3 vs. 0.1%; 
P<0.001), generalized anxiety (0.7 vs. 0.3%; P<0.001), PTSD 
(1.4 vs. 0.5%; P<0.001) and adjustment disorder (2.4 vs. 0.9%; 
P<0.001). Accordingly, Chen et al (23) found that among the 
277 (7.9% of 3,518) veteran hospitalized COVID‑19 survi‑
vors with new‑onset mental health manifestations, the most 
common new diagnoses included depression (28%), anxiety 
(28%), adjustment disorders (24%) and PTSD (17%), whereas 
in another US veteran cohort study, Xie et al (25) found that 
COVID‑19 survivors compared with individuals without 
COVID‑19 presented increased risks of anxiety, depression, 
stress and adjustment disorders.

In a cohort study by Clift et al (24), SARI and COVID‑19 
survivors compared with the general population displayed 
higher levels of new‑onset anxiety (SARI aHR, 1.86; 95% CI, 
1.56‑2.21; COVID‑19 aHR, 2.36; 95% CI, 2.03‑2.74), depres‑
sion (SARI aHR, 3.46; 95% CI, 2.21‑5.40; COVID‑19 aHR, 
1.95; 95% CI, 1.05‑3.65) and bipolar disorder (SARI aHR, 
2.26; 95% CI, 1.25‑4.08; COVID‑19 aHR, 2.26; 95% CI, 
1.25‑4.07). No differences were found between the COVID‑19 
and the SARI cohort (reference group) regarding new‑onset 
anxiety disorder (aHR, 1.00; 95% CI, 0.79‑1.27), depression 
(aHR, 0.63; 95% CI, 0.25‑1.58) or bipolar affective disorder 
(aHR, 0.74; 95% CI, 0.32‑1.69).

Similar were the findings in a retrospective cohort study 
by Jacob et al (28) (March 2020‑May 2021) including patients 
without a history of depression or anxiety disorder within the 
preceding year, which were followed in general practices in 
Germany. In this study, 56,350 patients with COVID‑19 were 
compared with an equal sample of patients with acute upper 
respiratory infection matched using propensity scores based 
on sex, age, index month and Charlson comorbidity index. 
According to the findings, COVID‑19 diagnosis was not 
significantly associated with an increase in the incidence of 
depression [incidence rate ratio (IRR), 1.02; 95% CI, 0.95‑1.10] 
or anxiety disorder (IRR, 0.94; 95% CI, 0.83‑1.07) in compar‑
ison to a diagnosis of acute upper respiratory infection. No 
significant association emerged between COVID‑19 diagnosis 
and the incidence of either depression or anxiety in all sex and 
age subgroups.

In accordance with the previous studies, in a retrospective 
cohort study by Iosifescu et al (17), among 388 patients with 
COVID‑19 with neurological/neuropsychiatric sequalae (out 
of 18,811 patients with COVID‑19), 30% reported anxiety 
disorders and 27% depression, albeit no differences were 
found with respect to the flu cohort.

Lund et al (18) in a population‑based cohort study, found 
that non‑hospitalized individuals positive for SARS‑CoV‑2 
[9 out of 8,884 (0.1%)], compared with negative individuals 
[107 out of 79,616 (0.1%)], did not present a significantly 
different risk of first ever depression diagnosis (aRR, 0.91; 
95% CI, 0.46‑1.80). However, patients with COVID‑19 had a 
significantly lower risk [15 out of 8,786 (0.2%)] of first anxiety 
diagnosis compared with SARS‑CoV‑2‑negative individuals 
[293 out of 77,654 (0.4%); aRR, 0.54; 95% CI, 0.32‑0.90].
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In a cohort study by Abel  et  al  (21), patients with 
SARS‑CoV‑2 infection compared with individuals with 
SARS‑CoV‑2 negative test results, presented increases in 
new‑onset anxiety (aHR, 1.93; 95% CI, 1.71‑2.18), depression 
(aHR, 1.74; 95% CI, 1.52‑2.00) and self‑harm risks (aHR, 
2.21; 95% CI, 1.11‑4.39). Regarding psychiatric medications, 
the largest increases included receipt of nonbenzodiazepine 
hypnotics (aHR, 4.90; 95% CI, 4.00‑5.99), mood stabilizers 
(aHR, 3.55; 95% CI, 2.74‑4.61), benzodiazepines (aHR, 3.50; 
95% CI, 2.95‑4.15) and antidepressants (aHR, 1.72; 95% CI, 
1.57‑1.88). However, these findings should be interpreted 
with caution considering that the results of a further analysis 
performed in the same study using a negative exposure control 
to explore confounding bias were suggestive of unobserved 
confounding.

Despite evidence of an association between COVID‑19 
and new‑onset anxiety and depression symptoms, especially 
among patients with increased disease severity, further 
research is required using methodological approaches less 
susceptible to confounding bias given the inconsistent findings 
regarding the comparison of COVID‑19 survivors with other 
respiratory infections.

New‑onset psychotic symptoms, insomnia, other neuropsy‑
chiatric symptoms and ‘long‑COVID’. Individual cases of 
putative COVID‑19‑associated neuropsychiatric disorders 
(e.g. psychosis, OCD, etc.) (29,30) have been reported since 
the COVID‑19 pandemic outbreak; more recently, studies 
using large sets of health record data have attempted to inves‑
tigate if this association is significant considering possible 
confounding factors (16,29). Research regarding the possible 
association of ‘long‑COVID’ syndrome with new‑onset 
neuropsychiatric symptoms has aimed to estimate incidences 
and risks regarding psychotic disorders, sleep disturbances, 
fatigue, substance use disorders and other mental health 
manifestations among COVID‑19 survivors, in comparison, 
usually, either with individuals without SARS‑CoV‑2 infection 
or with patients who had other illnesses, such as influenza and 
other RTIs (20‑22).

Taquet et al (20), in a retrospective cohort study, found 
that in the 6 months succeeding COVID‑19 diagnosis, the 
first psychotic disorder diagnosis was recorded in 0.42% (95% 
CI, 0.36‑0.49; ICU admission, 0.70; 95% CI, 0.46‑1.06), first 
substance use disorder diagnosis in 1.92% (95% CI, 1.77‑2.07; 
ICU admission, 3.15; 95% CI, 2.60‑3.82) and first insomnia 
diagnosis in 2.53% (95% CI, 2.37‑2.71; ICU admission, 4.24; 
95% CI, 3.55‑5.07) of COVID‑19 survivors, with higher 
incidences observed among those admitted to the ICU. When 
compared with patients with influenza, COVID‑19 survivors 
had higher probabilities of a new‑onset psychotic disorder 
(HR, 2.16), newly diagnosed substance use disorder (HR, 1.22) 
and new‑onset insomnia (HR, 1.92). Similar were the results 
when compared with patients with RTI, with the exception that 
new‑onset substance use disorder was less common in patients 
with COVID‑19 (HR, 0.92). In a previous retrospective 
cohort study by Taquet et al (16), 14‑90 days after COVID‑19 
diagnosis, 0.1% of COVID‑19 survivors (95% CI, 0.08‑0.2) 
had their first recorded diagnosis of psychotic disorder and 
1.9% (95% CI, 1.6‑2.2) had their first diagnosis of insomnia, 
while both diagnoses were more frequently recorded in the 

COVID‑19 cohort as compared with a matched cohort of indi‑
viduals who had influenza.

Park et al (26), in a nationwide cohort study in South Korea, 
compared 6,148 COVID‑19 survivors with 254,735 individuals 
without a COVID‑19 diagnosis regarding the development of 
neuropsychiatric manifestations following recovery. Although 
they found differences related to COVID‑19 diagnosis, these 
were potentially explained by increases in anxiety and mood 
disorders since when individual diagnoses were explored no 
differences emerged regarding alcohol or drug misuse (0.2 
vs. 0.3; P=0.612), eating disorders (0.0 vs. 0.1; P=0.315), 
personality (0.0 vs. 0.0%; P=0.601) non‑affective (0.2 vs. 
0.3%; P=0.224) and affective psychotic (1.1 vs. 1.1%, P=0.968) 
disorders.

Abel et al (21), in a cohort study comparing patients with 
SARS‑CoV‑2 infection with individuals with SARS‑CoV‑2 
negative test results, found that COVID‑19 was related to 
increases in fatigue (aHR, 5.98; 95% CI, 5.33‑6.71) and sleep 
disorders (aHR, 3.16; 95% CI, 2.64‑3.78), while an initially 
recorded increase in psychosis lost statistical significance after 
adjusting for confounders (HR, 2.34; 95% CI, 1.48‑3.70; aHR, 
1.84; 95% CI, 0.93‑3.64). Regarding psychiatric medications, 
the largest increases were for receipt of antipsychotics (aHR, 
7.61; 95% CI, 5.00‑11.60).

Patel et al (22) found that, among hospitalized US veteran 
patients, COVID‑19 was associated with significantly higher 
incidences of insomnia (4.9 vs. 3.2%; P<0.001) and dementia 
(3.0 vs. 1.9%; P<0.001) compared with propensity‑matched 
hospitalized patients negative for COVID‑19, while in 
outpatient settings patients with COVID‑19 presented a 
significantly higher incidence of dementia (0.3 vs. 0.2%; 
P=0.03). Additionally, when comparing hospitalized and 
non‑hospitalized patients with COVID‑19, it emerged that 
hospitalized patients presented significantly increased rates of 
insomnia (4.9 vs. 1.1%; P<0.001) and dementia (3.0 vs. 0.6%; 
P<0.001). In another US veteran cohort study, Xie et al (25) 
found that COVID‑19 survivors compared with individuals 
without COVID‑19 presented increased risks of incident 
opioid and other (non‑opioid) substance use disorders, as well 
as neurocognitive decline and sleep disorders.

According to the findings of a Spanish prospective cohort 
study by Rivera‑Izquierdo et al  (27), incidence was higher 
for hospitalized COVID‑19 survivors compared with indi‑
viduals hospitalized due to other causes regarding confusion 
or memory loss (3.1 vs. 0.9%; RR, 3.50; 95% CI, 1.16‑10.55), 
while no differences emerged for sleep disturbances (2.2 vs. 
1.5%; RR, 1.43; 95% CI, 0.55‑3.81), fatigue (7.7 vs. 8.8%; 
RR, 0.88; 95% CI, 0.57‑1.35) or headache (2.0 vs. 2.0%; RR, 
1.00; 95% CI, 0.40‑2.50). In line with the aforementioned 
non‑significant results concerning fatigue, in a Danish 
population‑based cohort study (18), individuals positive for 
COVID‑19 but not hospitalized (18 of 8,809 individuals, 0.2%) 
did not present a statistically significantly different risk of 
first‑ever fatigue‑related disorder diagnosis compared with 
negative individuals (175 of 78,543 individuals, 0.2%; aRR, 
0.97; 95% CI, 0.60‑1.59).

In an English cohort study  (24), SARI and COVID‑19 
survivors (both requiring hospitalization), when compared 
with the general population, displayed higher first recorded 
new‑onset diagnosis of dementia (SARI aHR, 2.55; 95% 

https://www.spandidos-publications.com/10.3892/etm.2022.11641
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CI, 2.17‑3.00; COVID‑19 aHR, 2.63; 95% CI, 2.21‑3.14) and 
psychotic disorder (SARI aHR, 3.63; 95% CI, 1.88‑7.00; 
COVID‑19 aHR, 3.05; 95% CI, 1.58‑5.90). No differences 
in new‑onset psychiatric morbidity emerged between the 
two patient groups, whereas regarding the first recorded 
neuropsychiatric prescription only significantly lower risk 
of antipsychotic prescriptions was noted among COVID‑19 
survivors (aHR, 0.80; 95% CI, 0.69‑0.92).

Findings of a systematic review of 40 case reports 
regarding the incidence of COVID‑19‑associated psychosis 
suggested that clinical presentations often lacked clinically 
relevant information, such as whether a delirium diagnosis 
was excluded (29). Thus, an appropriate differential diagnosis 
between non‑delirious psychosis and delirium is crucial in 
order to prevent the risk of overreporting psychotic disorders 
by misdiagnosing cases of delirium, especially among patients 
hospitalized for COVID‑19 and older patients. In addi‑
tion, distinguishing psychotic features as part of a broader 
syndrome, such as delirium, from a distinct clinical psychotic 
disorder related to COVID‑19 infection is also of paramount 
importance (29,31,32).

3. Pathophysiological mechanisms and ‘long‑COVID’ 
neuropsychiatric symptoms

Putative pathophysiological mechanisms involved in newly 
diagnosed neuropsychiatric manifestations in patients without 
a history of mental illness following the acute phase of 
COVID‑19 are multifactorial, resulting either from long‑term 
damage to the brain as a consequence of direct viral effects, 
persistent systemic inflammation or the psychosocial negative 
impact of the pandemic, including social isolation, financial 
instability, fear of infection, lockdowns and lack of family 
support (Fig. 1) (33‑36).

OCD was described in case reports as occurring in the 
weeks following the resolution of COVID‑19 infection. 
In these cases, OCD was associated with inflammatory 
factors, in particular autoantibodies produced in response to 
the virus and targeting the basal ganglia, causing neuronal 
injury that was seen as abnormalities in cortico‑basal 
ganglia‑thalamocortical loops using functional neuroimaging 
analyses (37‑39). These patients had no previous personal or 
family history of mental illness, indicating that autoimmunity 
triggered by the virus against convergent surface epitopes in 
the central nervous system (CNS) was partly responsible for 
their symptoms. Moreover, dysregulated microglial activation 
by SARS‑CoV‑2 outlasts the initial immune host response, 
ensuing pathological synaptic pruning, and leading to altered 
behaviour and cognition (40,41). Psychological factors are also 
involved in the disease process, as high‑stress levels during the 
COVID‑19 pandemic are linked with high cortisol levels in the 
serum, which correlate with obsessive symptoms, but are not 
related to compulsive behaviours (42).

Newly reported cognitive symptoms and attention 
complaints by patients were found to be independent of 
disease severity, suggesting conspicuous vulnerability of the 
CNS to SARS‑CoV‑2 infection, as a consequence of high 
inflammatory response and prolonged hospitalization (43). 
The dysregulated inflammatory process in SARS‑CoV‑2 
infection is due to high levels of proinflammatory cytokines 

(IL‑6 and TNF‑α) secreted by activated macrophages (44,45). 
Sleep disorders are also accompanied by high IL‑6 levels in 
the serum, indicating this as a possible underlying mechanism 
in poor sleep quality in patients during the ‘long‑COVID’ 
phase (46,47). This so called ‘cytokine storm’ is shown to be 
caused by the S1 subunit of the SARS‑CoV‑2 spike protein 
and contributes to disruption of the blood‑brain barrier (BBB), 
therefore facilitating the entry of the virus in the CNS (48,49) 
and organ damage and/or failure  (50‑52). Another factor 
initiating the cytokine release is activation of the NLR family 
pyrin domain‑containing 3 inflammasome leading to dissemi‑
nation of inflammatory precursors and pyroptosis, a form of 
cell death (53,54).

The hypometabolic state of different important brain 
areas in the frontal and temporal lobes, due to cytokine and 
neurotropism‑related encephalopathy (55), contributes to the 
brain pathology and is evident as diffuse slowing in electroen‑
cephalography and bilateral frontotemporal hypoperfusion in 
arterial spin labelling MRI (56,57). Neuroinvasion of the virus 
is suspected to occur either through cranial nerves that inner‑
vate the respiratory tract (particularly the olfactory nerve), 
or through hematogenous spread by crossing the BBB or the 
blood‑cerebrospinal fluid barrier (58‑60). Once inside the CNS, 
the virus enters the cells expressing angiotensin‑converting 
enzyme 2, such as neurons, astrocytes, oligodendrocytes and 
choroid plexus cells, with the choroidal epithelial cells being 
distinctly susceptive to SARS‑CoV‑2 infection as suggested by 
a number of studies (61‑66).

SARS‑CoV‑2 also induces infection‑associated throm‑
bosis by platelet activation and endothelial damage, leading 
to cerebrovascular events and subsequent ischemia (56,67). 
The procoagulant effect of the virus is exerted by endo‑
thelial damage of the infected organs, activation of the 
complement system and NETs release through neutrophil 
recruitment (48,68,69). This hypoxia‑induced injury results 
in neuronal apoptosis and disrupted brain function, impeding 
distal brain connectivity (70).

Neuronal autoantibodies in the CSF have been detected 
in a number of patients presenting with psychosis in the 
post‑COVID‑19 context. A patient in May 2020 with 
SARS‑CoV‑2 infection and consequent anti‑N‑methyl‑D‑aspar‑
tate receptor (NMDA‑R) encephalitis was admitted with a 
number of psychiatric symptoms, including psychomotor 
agitation, auditory hallucinations, dyskinesias and anxiety, 
and had a background of substance abuse but no past psychi‑
atric history (71). NMDA‑R antibodies were seen in a CSF 
sample of this patient, while increased levels of CSF autoan‑
tibodies have also been reported to be present in 11 patients 
with SARS‑CoV‑2 infection and concomitant neurological 
symptoms  (72). This case, along with the case of a previ‑
ously healthy man with COVID‑19‑associated catatonia and 
IgG autoantibodies against several murine proteins detected 
in immunohistochemistry (with marked staining in neuronal 
cells in the hippocampus, somatosensory cortex, and thalamus, 
the ependymal cells of the ventricles and choroid plexus, along 
with the neuropil of the caudate putamen), suggests a form of 
psychopathology arising from autoimmune encephalitis attrib‑
uted to COVID‑19 infection (73‑75).

Further research in these areas is needed, as well as close 
monitoring of neuropsychological function in patients with 
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COVID‑19 months after disease recovery. New COVID‑19 
variants are rapidly emerging across the world and it remains 
unclear how individuals infected with these strains will be 
impacted in the long term (76).

4. Conclusions

The present review provided a comprehensive overview of 
the currently published epidemiological data on new‑onset 

Figure 1. Putative ‘long‑COVID’ cascades in the brain. Following the acute phase of SARS‑CoV‑2 infection, circulating (auto)antibodies, cytokines and 
activated innate immune cells (including CD8+ T cells and monocytes) may persist for several months during the post‑COVID period, potentially propagating 
LCS symptoms via a disruption of the BBB (77). Activated fibroblasts and endothelial cells at the BBB lining are also implicated in BBB disruption, causing 
increased BBB permeability and permitting the transmigration of (auto)antibodies, cytokines and activated immune cells in the subarachnoid space. Within 
the subarachnoid space, T cells can be reactivated by antigen‑presenting cells (78). Within the brain tissue, a limited presence of SARS‑CoV‑2 spike protein 
or viral particles is hypothesized in LCS; thus, neurovirulence is probably not strongly associated with LCS pathophysiology (79). Conversely, autoantibodies, 
cytokines and immune cells are considered the main orchestrators of LCS, precipitating microglial activation and overt immune reactions, which lead to 
demyelination and neuronal loss. At the neuronal level, it is hypothesized that in LCS, the ongoing neuroinflammatory processes may lead to accumulation 
of misfolded protein aggregates, which could further induce metabolic stress and neurodegenerative cascades (80). This image was created with BioRender 
(https://biorender.com). SARS‑CoV‑2, severe acute respiratory syndrome coronavirus 2; ACE2, angiotensin‑converting enzyme 2; BBB, blood‑brain barrier; 
APCs, antigen‑presenting cells; LCS, long‑COVID syndrome.

https://www.spandidos-publications.com/10.3892/etm.2022.11641
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neuropsychiatric manifestations associated with ‘long COVID’ 
syndrome, as well as insights into the underlying putative patho‑
physiological mechanisms implicated in the development of 
new‑onset neuropsychiatric symptoms in COVID‑19 survivors. 
While there is evidence of an association between SARS‑CoV‑2 
infection and subsequent occurrence of neuropsychiatric 
symptoms, considering possible unobserved confounding0, 
further research using approaches less susceptible to bias 
is required with a view to establishing causal relationships. 
Furthermore, follow‑up of patients recovering from COVID‑19 
by interdisciplinary health care teams and the application of 
well‑documented diagnostic criteria of neuropsychiatric disor‑
ders are essential to ensure the correct differential diagnosis of 
‘long‑COVID’ syndrome in clinical practice.
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