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Background. The general medical impacts of coron-
avirus (COVID-19) are increasingly appreciated.
However, its impact on neurocognitive, psychiatric
health and quality of life (QoL) in survivors after the
acute phase is poorly understood. We aimed to
evaluate neurocognitive function, psychiatric
symptoms and QoL in COVID-19 survivors shortly
after hospital discharge.

Methods. This was a cross-sectional analysis of a
prospective study of hospitalized COVID-19 sur-
vivors followed up for 2 months after discharge. A
battery of standardized instruments evaluating
neurocognitive function, psychiatric morbidity
and QoL (mental and physical components) was
administered by telephone.

Results. Of the 229 screened patients, 179 were
included in the final analysis. Amongst survivors,
the prevalence of moderately impaired immediate
verbal memory and learning was 38%, delayed
verbal memory (11.8%), verbal fluency (34.6%) and
working memory (executive function) (6.1%),
respectively. Moreover, 58.7% of patients had
neurocognitive impairment in at least one function.
Rates of positive screening for anxiety, depression
and post-traumatic stress disorder were 29.6%,
26.8% and 25.1%, respectively. In addition, 39.1%
of the patients had psychiatric morbidity. Low QoL
for physical and mental components was detected
in 44.1% and 39.1% of patients respectively.
Delirium and psychiatric morbidity were associ-
ated with neurocognitive impairment, and female
gender was related with psychiatric morbidity.

Conclusion. Hospitalized COVID-19 survivors showed
a considerable prevalence of neurocognitive
impairment, psychiatric morbidity and poor QoL
in the short term. It is uncertain if these impacts
persist over the long term.

Keywords: COVID-19, sequelae, neurocognitive, psy-
chiatric morbidity, quality of life.
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merase chain reaction; SARS-CoV-2, severe acute
respiratory syndrome coronavirus 2; SCIP, subtest
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12, short-form health survey 12 item; SpO2/FiO2,
blood oxygen saturation/fraction of inspired oxy-
gen; WAIS-III, Wechsler Adult Intelligence Scale,
Third Edition.

Introduction

The severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) was identified in December 2019
[1]. As of 18 December, SARS-CoV-2 caused more
than 71.5 million confirmed cases of coronavirus
disease and over 1.6 million deaths worldwide [2].
Efforts by the international community are focus-
ing on decreasing the virus transmission as well as
reducing its mortality. Despite the considerable
mortality rate, the vast majority of patients survive
coronavirus disease 2019 (COVID-19); however,
potential systemic sequelae are poorly understood
and may be an additional global public health
issue [3].

Pulmonary fibrosis, cardiovascular damage and
neurological impairment are amongst the potential
sequelae of COVID-19 in survivors. It is known that
many human coronaviruses display neurotropism,
such as HCoV-OC43, SARS-CoV-1 and the Middle
East respiratory syndrome CoV (MERS-CoV) [4].
Psychiatric and neurological presentations have
been found in the acute and postillness stage in
other severe coronavirus infections [5]. Neverthe-
less, most of the studies were of either low or
medium quality and focused on the acute phase of
infection [5].

During hospitalization, more than a half of COVID-
19 patients have nonspecific neurological symp-
toms, and their persistence after the acute phase is
currently under study [6–8]. The most frequently
observed symptoms are headache, dizziness, fati-
gue, anorexia, ageusia and anosmia along with
respiratory symptoms [9]. Of note, neurocognitive
deficits in the postacute stage of COVID-19 and
other coronavirus infections are insufficiently
described [10]. Only preliminary data support the
neurological and neuropsychiatric impact in
COVID-19 patients [11]. In a national surveillance
study with voluntary case notification, Varatharaj
et al reported that 31% of patients had an altered
mental status including neuropsychiatric and neu-
rocognitive symptoms in the acute phase [12]. To
the authors’ knowledge, there are no previous
studies in COVID-19 simultaneously evaluating

neurocognitive function, psychiatric symptoms (in-
cluding depression, anxiety and post-traumatic
stress disorder [PTSD]) and quality of life (QoL)
following the acute phase in survivors. To date,
most of the studies focus on the mental health of
the general population although it has been
scarcely studied in COVID-19 survivors [13].

We hypothesized that COVID-19 survivors may
present with persistent impaired cognition, psy-
chiatric symptoms, and poorer QoL. Severity at
admission, hypoxaemia, systemic inflammation,
and respiratory support during hospitalization
may be associated with neuropsychiatric and QoL
impairment in COVID-19. We thus conducted a
cross-sectional cohort study in COVID-19 sur-
vivors posthospitalization to assess the neuropsy-
chiatric and QoL consequences 2 months after
hospital discharge.

Materials and methods

Design and participants

We conducted a cross-sectional analysis of an
ongoing prospective cohort study in a large tertiary
care hospital in Valencia, Spain. All hospitalized
patients with COVID-19 were diagnosed with
reverse transcription-polymerase chain reaction
(RT-PCR) of nasopharyngeal swab or sputum sam-
ples. All screened patients required hospitalization
between 8 March and 25 April 2020 in the
Department of Pneumology and/or the intensive
care unit (ICU). Survivors were referred to the
COVID-19 outpatient clinic in the Pneumology
Department for clinical control where they were
invited to participate in the study and they signed
the informed consent to participate in the study.
Exclusion criteria included patients aged ≥ 85
or < 18 years, non-Spanish speaking subjects,
nursing-home residents, pre-existing dementia,
pre-existing or cognitive decline under evaluation,
previous brain injury with cognitive sequelae, cur-
rent alcohol/substance use disorder (except for
nicotine) and previously lifetime history of major
psychiatric disorders. The Biomedical Research
Ethics Committee of La Fe University and Polytech-
nic Hospital reviewed and approved the study
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(2020-280-1). The hospital discharge dates were
between 23 March to 7 July, and outpatient clinic
visits were from 18 May to 24 July. All recruited
patients were contacted by telephone 2 (�1)
months from the date of hospital discharge.

Neuropsychiatric and quality of life assessment

A battery of standardized instruments evaluating
neurocognitive function, psychiatric morbidity and
QoL was administered by telephone (Table S1). The
neuropsychiatric evaluation included immediate
verbal memory and learning, delayed verbal mem-
ory, verbal fluency and working memory (executive
function) for the neurocognitive domain; anxiety,
depression and PTSD were evaluated for the psy-
chiatric domain. The telephone battery was
designed by two psychiatrists experienced in neu-
rocognition [14]. An independent researcher, blind
to clinical data and the study hypothesis, con-
ducted pilot interviews under monitoring of her
supervisors before enrolment. The duration of the
interview was approximately 20 minutes. Three
telephone contact attempts were made with the
patients at different times before desisting. The
data obtained from the interview were attached to
the database with clinical data collected by an
independent researcher. Additional information on
interview is detailed in the Supplemental file.

Neurocognitive assessment tests included the fol-
lowing: (i) the verbal learning – immediate, and (ii)
delayed memory subtests from the Subtest Screen
for Cognitive Impairment in Psychiatry (SCIP), (iii)
animal naming test (ANT) from the Controlled Oral
Word Association Test (COWAT) for semantic ver-
bal fluency (iv) and the subtest Digit Span back-
ward from the Wechsler Adult Intelligence Scale,
Third Edition (WAIS-III) for working memory (exec-
utive function). Psychiatric morbidity was assessed
with screening questionnaires, including the fol-
lowing: (i) Generalized Anxiety Disorder 7 (GAD-7)
for anxiety, (ii) Patient Health Questionnaire 2
(PHQ-2) for depression (iii) and 17-item Davidson
Trauma Scale (DTS) for PTSD. Finally, for QoL
assessment, the Short-Form Health Survey 12 item
(SF-12, First version) was administered. This QoL
test provides two independent scores, a physical
component summary (PCS) and a mental compo-
nent summary score (MCS). No control group was
included due to the descriptive nature of the study.
Moreover, all used tests have been validated in the
Spanish general population according to age, sex
and educational level. Additional information on

neuropsychiatric and QoL battery, including cut-
off scores, is detailed in the Supplemental file.

Clinical data

Relevant variables such as demographics, comor-
bidities, chronic treatments, laboratory parame-
ters, and radiographic data were recorded. Initial
severity was measured with Pneumonia Severity
Index (PSI), a classical prognostic score for com-
munity-acquired pneumonia, given the absence of
COVID-19-specific prognostic scores when the
study was designed. Blood oxygen saturation/
fraction of inspired oxygen (SpO2/FiO2) at admis-
sion, respiratory support (need for supplementary
oxygen, high-flow nasal cannula oxygen therapy,
continuous positive airway pressure [CPAP], non-
invasive mechanical ventilation and/or invasive
mechanical ventilation) and laboratory data during
hospitalization were recorded. Clinical outcomes
included length of hospital stay, ICU admission,
venous thromboembolic event or delirium. Delir-
ium, defined as an acute, reversible state of con-
fusion, was recorded.

Outcomes

Neurocognitive domain impairment was predefined
as moderate/severe impairment of any of the four
neuropsychological tests. In the same way, psychi-
atric morbidity was predefined as positive screen-
ing in any of the three questionnaires assessing
psychiatric morbidity. This definition was used in
previous studies of acute lung injury and neu-
rocognitive evaluation [15]. The reference values
and cut-off points for the QoL questionnaire and
for each variable in the neurocognitive and psychi-
atric domains are detailed in the Supplemental file.

Statistical analysis

Data were summarized as N (%) or median [1st
quartile, 3rd quartile], as appropriate. Correlations
were estimated using Spearman’s rank correlation.
An exploratory analysis with predefined risk fac-
tors included known risk factors in acute respira-
tory distress syndrome (ARDS) such as delirium,
use of corticosteroids, mechanical ventilation,
length of ICU stay, metabolic alterations (renal
and hepatic) along with those previously described
in the hypothesis (severity at admission measured
by PSI, hypoxaemia, systemic inflammation and
respiratory support during hospitalization) [16,17].
Multivariable Bayesian logistic regressions with
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weakly regularizing priors, N(0,1), were used to
evaluate the association of risk factors with neu-
rocognitive impairment and psychiatric morbidity
in COVID-19 survivors. Association between psy-
chiatric morbidity and neurocognitive impairment
was assessed with chi-square test. Statistical sig-
nificance was considered if P < 0.05. Statistical
analyses were performed using R (version 4.0.2).

Results

Recruitment and patient baseline characteristics

A total of 229 patients discharged after COVID-19
hospitalization were followed in the outpatient
clinic of the Pneumology Department. Of those,
197 were contacted by telephone, and 179 com-
pleted the test battery (Fig. 1). The final data
analysis was performed in this cohort. Patients
screened but not included in the cohort (N = 50)
showed similar characteristics to those included
(Table S2).

Table 1 describes the main baseline characteristics
of the study sample. Participants’ age ranged from
22 to 81 years, and 74 (41.3%) were female. Of the
179 survivors studied, 99 (55.3%) had at least one
comorbidity. Only 1.1% of the patients did not
complete any formal education and 31.3%, 35.2%,

24.6% and 7.8% of the patients completed primary,
secondary, university and postgraduate education,
respectively. The patients had a median of 7 [6,10]
days from the onset of symptoms to when they were
hospitalized. Initial severity measured by PSI
score, analytical parameters, respiratory support,
treatments and clinical outcomes during hospital-
ization also appear in Table 1. No patient had any
cerebrovascular accident during the study period.

Short-term neurocognitive function and psychiatric morbidity
assessment

For neurocognitive assessment, immediate verbal
memory/learning, delayed verbal memory, seman-
tic verbal fluency and working memory were eval-
uated. From the full sample, 38% of patients
presented moderate impairment and 11.2% severe
impairment in immediate verbal memory. In rela-
tion to delayed memory, 11.8% of survivors had
moderate impairment and 2.8% had severe impair-
ment. In semantic verbal fluency, 34.6% of patients
had moderate deficits and 8.4% severe deficits.
Lastly, working memory was moderately impaired
in 6.1% and severely impaired in 1.1% of survivors.
The percentiles or scalar score distribution for each
neurocognitive function test is shown in Fig. S1.
Finally, 105 (58.7%) patients met criteria for mod-
erate neurocognitive impairment and 33 (18.4%)
for severe neurocognitive impairment, as previ-
ously defined. Figure 2A details data regarding
patients with affected neurocognitive tests.

The patients were also assessed for psychiatric
morbidity. Of the 179 patients, a positive screening
for anxiety was present in 29.6%, depression in
26.8% and PTSD in 25.1% (Fig. 2B). As previously
defined, 39.1% of the patients screened positive for
psychiatric morbidity. The score distribution for
the anxiety, depression and PTSD questionnaires
is shown in Fig. S2. Patients with psychiatric
morbidity presented a significantly higher preva-
lence of neurocognitive impairment compared with
those without psychiatric symptoms (P < 0.001)
(Table S3).

Clinical associations for neurocognitive impairment and psychiatric
morbidity

The Table S3 shows clinical data regarding neu-
rocognitive impairment and psychiatric morbidity.
Logistic regression models were performed to iden-
tify potential predictors for neurocognitive impair-
ment and a positive screening for psychiatricFig. 1 Flow chart.
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Table 1. Characteristics of the patients at baseline,
severity, treatment received, analytical parameters, level
of respiratory support and outcomes

Total (N = 179)

Demographics

Age, yr, median [1st, 3rd

quartile]

57 [49,67]

Distribution, no. (%)

<50, yr 52 (29.1)

50 to 69, yr 94 (52.5)

≥70, yr 33 (18.4)

Male sex, no. (%) 105 (58.7)

Level of education, yr, median

[1st, 3rd quartile]

11 [8,16]

Smoking, no. (%)

Never 125 (69.8)

Former 44 (24.6)

Current 10 (5.6)

Coexisting conditions, no. (%)

Any 99 (55.3)

Hypertension 58 (32.4)

Diabetes 29 (16.2)

Dyslipidaemia 52 (29.1)

Chronic heart disease 10 (5.6)

Chronic renal diseasea 3 (1.7)

Chronic liver disease 3 (1.7)

Cancer 3 (1.7)

Chronic respiratory disease 21 (11.7)

Previous medication use, no. (%)

Antiplatelets 6 (3.4)

Statins 37 (20.7)

ACE inhibitor 14 (7.8)

Angiotensin II-receptor

antagonist

28 (15.6)

SpO2/FiO2 at

admission, median [1st, 3rd

quartile]

452.4 [442.9, 461.9]

Radiological data at admission

Lung infiltrates, no. (%) 177 (98.9)

Bilateral infiltrates,

no. (%)

120 (67)

Severity

PSI score, median [1st, 3rd

quartile]

57 [45,71]

Table 1 (Continued )

Total (N = 179)

Distribution, no. (%)

I–III 169 (94.4)

IV–V 10 (5.6)

Analytical parameters

Peak LDH, UI/L, median

[1st, 3rd quartile]

317 [258,436]

Peak C-reactive protein, mg/

L, median [1st, 3rd

quartile]

97.2 [45.3, 174.3]

Nadir lymphocyte count,

cells/mL, median [1st, 3rd

quartile]

920 [640,1260]

Peak D-dimer, ng/mL,

median [1st, 3rd quartile]

962 [498,2102]

Treatment, no. (%)

Hydroxychloroquine, no. (%) 168 (93.9)

Azithromycin, no. (%) 166 (92.7)

Lopinavir/Ritonavir, no. (%) 76 (42.5)

Interferon b, no. (%) 26 (14.5)

Tocilizumab, no. (%) 43 (24)

Baricitinib, no. (%) 18 (10.1)

Corticosteroids, no. (%) 65 (36.3)

Respiratory support, no. (%)b

Room air, no. (%) 89 (49.7)

O2 nasal cannula, no. (%) 20 (11.2)

O2 venturi mask, no. (%) 38 (21.2)

HFNC/CPAP/NIV, no. (%) 8 (4.5)

MV, no. (%) 23 (12.8)

Median length of MV, days

[1st, 3rd quartile]

13 [10.5, 25.5]

ECMO, no. (%) 1 (0.6)

Outcomes and complicationsc

Median length of hospital

stay, days [1st, 3rd quartile]

12 [9,18]

ICU admission, no. (%)d 34 (19)

Median length of ICU stay,

days [1st, 3rd quartile]

18.5 [11,26]

Delirium, no. (%) 8 (4.5)

Cerebrovascular event, no.

(%)

0 (0)

VTE, no. (%) 17 (9.5)

Acute kidney injury, no. (%)e 9 (5)
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morbidity (Table 2). All the factors stated in the
hypothesis and the previously described clinical
data were included in the logistic regression mod-
els. The variables that reached the final models are
shown in Table 2. A psychological trauma event
prior to hospitalization due to COVID-19 was
assessed as detailed in the Supplemental file.
Trauma events were only identified in 17 patients.

Of these, 3 had any PTSD symptoms in the past,
but no patient reported long-lasting symptoms
related to previous trauma at the time of assess-
ment. For this reason, past history of traumatic
event was not included in the models. Finally,
delirium during the hospitalization and a positive
screening for psychiatric morbidity increased the
odds of neurocognitive impairment approximately
fivefold. On the other hand, female gender was
related to a 2.5-fold increase in the odds of
psychiatric morbidity.

Quality of life and functionality assessment

The PCS and MCS scores for QoL appear in Fig. 3.
The mean PCS was 42.5 (� 11.2), and the mean
MCS was 45.5 (� 11.5). Briefly, 44.1% and a 39.1%
of this cohort presented low QoL for PCS and MCS,
respectively. Only 1.1% and 9.5% presented high
QoL for PCS and MCS, respectively. PCS and MCS
scores did not significantly (P > 0.05) correlate with
each other (rho 0.030) and were also not correlated
with age (rho �0.143 and rho 0.096) and years of
education (rho 0.126 and rho 0.073). The Table S5
describes the quality of life scores in the physical
and mental components of neurocognitive and
psychiatric domains. Patients with neurocognitive
impairment or a positive screening for psychiatric
morbidity showed lower scores for both PCS and
MCS.

Discussion

To our knowledge, this is the first study to simul-
taneously evaluate the persistence of COVID-19

Table 1 (Continued )

Total (N = 179)

Acute liver injury, no (%)f 59 (33)

Shock, no. (%) 2 (1.1)

Data are summarized as n (%) and medians [1st, 3rd
quartile], as appropriate. ACE denotes angiotensin-con-
verting enzyme, ECMO denotes extracorporeal membrane
oxygenation, HFNC/CPAP/NIV denotes high-flow nasal
cannula/continuous positive airway pressure/noninva-
sive ventilation, ICU denotes intensive care unit, LDH
denotes lactate dehydrogenase, MV denotes mechanical
ventilation, SpO2/FiO2 denotes peripheral blood oxygen
saturation/fraction of inspired oxygen, VTE denotes
venous thromboembolic event.
aStage ≥ 2.
bMaximum respiratory support needed during hospital
stay.
cComplications were considered until the date of the
interview administration.
dNeed for ICU admission at any time during hospitaliza-
tion.
e ≥ 2-fold increase in baseline serum creatinine or ≥ 50%
decrease in baseline glomerular filtration rate.
fElevation of alanine transaminase (ALT) or aspartate
transaminase (AST) enzymes > 2 9 the upper limit of
normal.

Working memory

Delayed Verbal Memory

Semantic verbal fluency

Immediate Verbal Memory/Learning

Neurocognitive Impairment

0 25 50 75 100
Frequency (%)

(A) (B)

PTSD

Depression

Anxiety

Psychiatric Morbidity

0 25 50 75 100

Frequency (%)

Fig. 2 (A) Neurocognitive impairment and (B) psychiatric morbidity prevalence. PTSD denotes post-traumatic stress
disorder.
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attributable symptoms, neurocognitive function,
psychiatric symptoms, and QoL in mild-to-severe
COVID-19 survivors requiring hospitalization after
the acute phase. The main findings of the study are
briefly summarized as follows: 58.7% presented at
least moderate neurocognitive decline, 39.1% had
psychiatric morbidity and approximately 40% had

poor QoL. The secondary findings were as follows:
(i) delirium during hospitalization and psychiatric
comorbidity were associated with neurocognitive
impairment; (ii) and female gender was related to
psychiatric morbidity in the short-term.

Our study covers patients with different ranges of
severity. Most of the available literature on neu-
ropsychiatric consequences focused on critically ill
patients with pneumonia, sepsis or ARDS who
require intubation or admission to the ICU and
there are no cohorts with similar severity to com-
pare our results [17–22]. The few studies in non-
critically ill patients are focused on elderly
patients. Moreover, previous studies have shown
a declined neurocognitive function at hospital
discharge in up to 100% of patients and up to
30% 1 year later [23–25]. However, currently there
are no data on neurocognitive function in the
postacute phase of COVID-19.

In the acute phase, several studies reported neu-
rological problems such as stroke, encephalitis or
delirium [6,26]. In a small study of COVID-19, one
third of ICU survivors were found to have a
dysexecutive syndrome [27]. In this regard, fol-
low-up studies in other coronavirus outbreaks in
the postacute stage may be informative. In a recent
review of 40 such studies after resolution of acute
infection, Rogers et al [5] reported substantial rates
of memory impairment (44%). Our findings show a
considerable prevalence for neurocognitive impair-
ment (58.7%), immediate verbal memory/learning
(38%), delayed verbal memory (11.8%), semantic
verbal fluency (34.6%) and executive function
(6.1%) in a mild-to-severe cohort. Previous studies
have found similar neurocognitive outcomes in
critically ill cohorts [19]. In our study, delirium
and having concurrent psychiatric morbidity were
linked to neurocognitive impairment. Delirium is a
recognized risk factor for cognitive decline and
reveals acute neurological damage that can persist
over time [16,17,21]. Furthermore, psychiatric
disorders with coexisting psychiatric morbidity
such as PTSD and depression are associated with
neurocognitive impairment [28]. Screening for
delirium and psychiatric morbidity may be useful
to identify vulnerable subjects. No other convincing
associations were found in the analysis, such as
severity, levels of systemic inflammation, throm-
bosis-related biomarkers, metabolic disorders, res-
piratory support or oxygenation. There was also no
association with age, although it should be noted
that the neurocognitive tests were age-adjusted.

Table 2. Multivariable analysis for neurocognitive
impairment and psychiatric morbidity prediction

Variables OR

95% credibility

interval

Neurocognitive impairment model

Any comorbidity 1.61 0.85–3.07

SpO2/FiO2 1.01 1.0–1.01

MV 0.53 0.18–1.51

Delirium 4.05 1.03–16.4

Acute kidney injury 2.52 0.71–10.05

Positive screening for

stress-related symptoms

3.97 2.06–7.80

Psychiatric morbidity model

Female gender 2.50 1.31–4.85

Neurocognitive impairment 4.56 2.27–9.47

MV denotes mechanical ventilation, OR denotes odds
ratio, SpO2/FiO2 denotes peripheral blood oxygen satu-
ration/fraction of inspired oxygen. Bold text denotes P <
0.05.

0

25

50

75

100

MCS PCS

sc
or
es

Fig. 3 Quality of life. Scores for mental component
summary (MCS) and physical component summary (PSC).
Green, blue and red shaded areas denote high, normal
and low quality of life, respectively.
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Additional factors or mechanisms not explored in
this study may further explain neurocognitive
decline, such as potential neuroinvasion of SARS-
CoV-2, endothelial injury, blood–brain barrier dis-
ruption or neuroinflammation [29].

In ICU survivors, similar rates of psychiatric mor-
bidity have been identified 3 and 12 months after
discharge compared with our much less severe
cohort [30,31]. In other coronavirus infections,
substantial rates of persistent depressed mood
and anxiety have been reported [5]. Recently, a
study of COVID-19 survivors analysed the pres-
ence of PTSD, depression, anxiety, obsessive–com-
pulsive and insomnia symptomatology [32]. The
authors reported very similar frequencies to those
found in this study and showed that the female
gender along with previous psychiatric diagnoses,
but not systemic inflammation, was associated
with a higher prevalence of psychiatric symptoms.
Indeed, women are two to three times more at risk
to develop stress-related disorders [33]. Recently, a
new study with electronic health records supports
the idea of a possible causal relationship between
COVID-19 and the risk of psychiatric sequelae [34].
However, neurocognition and clinical data such as
comorbidities, severity or clinical outcomes (ICU
admission, mechanical ventilation, delirium) were
not characterized in those studies.

Few studies about QoL in COVID-19 exist. In a
recent report, worsened QoL was observed in
44.1% of patients discharged as measured with
the EuroQoL visual analogue scale, defined as a
10-point different between the COVID-19 and
postacute stage visit [7]. Our findings show that
patients with neurocognitive impairment or psy-
chiatric symptoms presented a poorer physical and
mental quality of life. Both clinical problems have
been associated with diminished quality of life in
patients with psychiatric disorders and other dis-
eases [35]. Neurocognitive remediation and treat-
ment of neuropsychiatric morbidity may improve
QoL [36]. In the context of the current pandemic
[37], online-delivered treatments such as cognitive
behavioural therapy could be useful options in this
regard [38].

Our study has several limitations: (1) this is a
single-centre study and the application of our
findings to other populations should be extrapo-
lated with caution, requiring external validation.
(2) The tests were administered by telephone. The
psychiatric screening for symptoms of anxiety,

depression and PTSD used self-reported measures
after administering validated questionnaires. A
face-to-face approach to the neurocognitive func-
tion and psychiatric morbidity by means of a
structured clinical interview and objective mea-
sures, such as neuroimaging, may provide more
precise information [39]. (3) Although a dropout
rate of 21.8% is not likely to bias the present
results, dropouts might correspond to those
patients with higher disabilities. If that were the
case, the present findings would even underesti-
mate the true prevalence of the outcomes. (4) The
findings do not allow us to discern whether the
outcomes were due to the direct action of the virus
on the central nervous system or whether they were
the cognitive sequelae of the acute stress reaction
caused by a life-threatening illness. Additional
studies focused on neuroinflammation and other
biological pathways are needed.

Study strengths not previously mentioned include
the methodologically rigorous assessment of the
outcomes. In previous studies, cognitive deficits
were based on self-report [5]. Therefore, no study
has used neuropsychological tests to objectively
establish cognitive deficits. All the selected tests
were previously validated in the Spanish general
population and widely used in other diseases.
These tests included cut-off points for cognitive
impairment or psychiatric screening. Moreover,
confounding variables such as age and educational
level were controlled in the case of cognitive
performance. The study was performed in a well-
characterized cohort and the high percentage of
eligible patients who completed the assessment
adds internal validation. Finally, very elderly
patients and those with previous cognitive impair-
ment or major psychiatric disorders were excluded.
Further research on these more vulnerable
patients is needed in the postacute phase and in
the long term.

Conclusions

In summary, our findings reveal a considerable
prevalence of neurocognitive impairment, psychi-
atric comorbidity and poor QoL in COVID-19
survivors after the acute phase, even in noncriti-
cally ill patients. These data have important clin-
ical consequences and hence implications for
health policies aimed to mitigate a wave of mental
ill health following the current pandemic. Public
health prevention, early detection, neurocognitive
remediation and treatment of psychiatric
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symptoms should be prioritized in COVID-19 sur-
vivors which may ultimately lead to an improve-
ment in QoL and daily functioning.
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