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Abstract
Background and purpose: Cognitive dysfunction has been observed following recovery 
from COVID-19. To the best of our knowledge, however, no study has assessed the pro-
gression of cognitive impairment after 1 year. The aim was to assess cognitive functioning 
at 1 year from hospital discharge, and eventual associations with specific clinical variables.
Methods: Seventy-six patients (aged 22–74 years) who had been hospitalized for 
COVID-19 were recruited. Patients received neuropsychological assessments at 5 (n = 76) 
and 12 months (n = 53) from hospital discharge.
Results: Over half (63.2%) of the patients had deficits in at least one test at 5 months. 
Compared to the assessment at 5  months, verbal memory, attention and processing 
speed improved significantly after 1 year (all p < 0.05), whereas visuospatial memory did 
not (all p > 0.500). The most affected domains after 1 year were processing speed (28.3%) 
and long-term visuospatial (18.1%) and verbal (15.1%) memory. Lower PaO2/FiO2 ratios 
in the acute phase were associated with worse verbal long-term memory (p = 0.029) and 
visuospatial learning (p = 0.041) at 5 months. Worse visuospatial long-term memory at 
5 months was associated with hyposmia (p = 0.020) and dysgeusia (p = 0.037).
Conclusion: Our study expands the results from previous studies showing that cognitive 
impairment can still be observed after 1 year. Patients with severe COVID-19 should re-
ceive periodic cognitive follow-up evaluations, as cognitive deficits in recovered patients 
could have social and occupational implications.
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INTRODUC TION

Neurological complications are present in patients with coronavirus 
disease 2019 (COVID-19) [1–4]. Amongst such complications, cogni-
tive dysfunction following clinical recovery from acute respiratory 
symptoms has also been reported [5–13]. These studies, however, 
present a significant degree of heterogeneity in terms of sample 
size, sociodemographic and clinical characteristics of the patients, 
assessment methods and follow-up duration.

As a result, many studies have found cognitive deficits in 
the months following hospitalization for COVID-19 to be fre-
quent [5,6,10,11], whilst some others have observed significantly 
lower rates of cognitive impairment [8,13]. This heterogeneity is 
also evident when one examines the qualitative profile of cog-
nitive impairment in patients with COVID-19, with some studies 
reporting deficits of executive functions, attention and process-
ing speed, as well as memory problems [5,10,12], whilst others 
report verbal memory deficits to be the predominant feature 
[6,11] and others report significant language impairment [11,13]. 
Although somewhat contrasting, these studies show that persist-
ing cognitive deficits can be frequently found in patients with 
COVID-19.

It is also important to assess whether different clinical as-
pects of COVID-19 are associated with a greater risk of long-term 
cognitive impairment, as this could allow clinicians to predict 
which patients might be at an increased risk of developing such 
complications. As is known, COVID-19 is a disease which pres-
ents multiple pathological mechanisms that could lead to cog-
nitive impairment [14–16]. In addition to prolonged respiratory 
distress, which can cause hypoxia-related brain injury [17,18], 
hyperinflammation also plays a significant role in determining the 
severity and mortality of COVID-19 [19,20]. The activation of a 
systemic inflammation pathway could produce aberrant stress 
responses which could in turn damage the central nervous sys-
tem (CNS) [21], thus suggesting that the aetiology of COVID-19-
related cognitive dysfunction might be both inflammatory and 
not inflammatory [17]. For this reason, clinical indicators of respi-
ratory function, hyperinflammation and coagulopathy, as well as 
potential indices of viral access to the CNS, should be assessed 
as potential predictors of cognitive impairment in COVID-19 
patients.

To date, no study has assessed the progression of cognitive im-
pairment after 1 year from hospital discharge. Detailing the progres-
sion of cognitive impairment is key, as it represents an important 
indicator of functional recovery. Indeed, whilst most COVID-19 pa-
tients might show a good clinical recovery in the months following 
hospitalization, persisting cognitive symptoms can impact negatively 
on their quality of life.

Our aim was to assess the prevalence of cognitive impair-
ment in COVID-19 patients after 1 year from hospital discharge. 
Potential clinical predictors of cognitive impairment were also 
evaluated.

METHODS

Seventy-six patients (age [mean ± SD] 56.24 ± 12.08, 56 males) who 
had been hospitalized for COVID-19 between February and April 
2020 in the ASST Santi Paolo E Carlo University Hospitals in Milan, 
Italy, were recruited. Patients were included if they had been hospi-
talized for COVID-19, were aged between 18 and 75 and were not 
diagnosed with cognitive impairment before COVID-19.

Neuropsychological assessments at 5  months (T1, 
5.4 ± 1.5 months) and at 12 months (T2, 11.92 ± 1.46 months) from 
hospital discharge were conducted. Of the 76 patients who were 
assessed at T1, 53 returned for the 1-year follow up and 23 dropped 
out (Figure 1).

Clinical data such as type and duration of oxygen therapy, hos-
pitalization duration, comorbidities and viral clearance time, de-
fined as the number of days elapsed between the first positive and 
second consecutive negative severe acute respiratory coronavirus 
2 (SARS-CoV-2) nasopharyngeal swabs, were retrospectively col-
lected. Anosmia/dysgeusia during and/or after hospitalization for 
COVID-19 was assessed clinically by asking patients (in the form of 
yes/no questions).

Other clinical data were collected: (i) to assess hypoxia, the ratio 
of arterial oxygen partial pressure (PaO2) to fractional inspired ox-
ygen (FiO2) (P/F ratio) was measured during hospitalization, as well 
as peripheral oxygen saturation (SpO2) level upon hospital arrival; 
(ii) as inflammatory biomarkers, C-reactive protein blood levels upon 
hospital arrival and during hospitalization were noted; (iii) to assess 
hypercoagulability, D-dimer values were measured upon hospital 
arrival and during hospitalization; (iv) to assess systemic alterations 
and organ damage, serum levels of creatinine, alanine transaminase 
and aspartate transaminase were noted upon hospital arrival and 
during hospitalization.

F I G U R E  1  Flow chart of the study
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The primary aim was to assess cognitive function at 1 year from 
hospital discharge, compared to 5 months. A secondary aim was to 
evaluate associations with clinical factors (e.g., respiratory distress, 
inflammation, smell/taste alterations).

Neuropsychological assessment

Patients were screened using the Montreal Cognitive Assessment, 
a screening test for global cognitive functioning, in order to exclude 
those with global cognitive decline [22].

Cognitive functioning was assessed using the Brief Repeatable 
Battery of Neuropsychological Tests (BRB-NT) [23]. The BRB-NT 
includes tests which assess different cognitive functions (verbal 
and visuospatial long-term memory, attention, working memory, 
processing speed, language). The Serial Recall Test (SRT) is a test of 
verbal memory composed of three subscores: (i) long-term storage 
(SRT-LTS), an index of efficiency in verbal long-term memory stor-
age processes; (ii) consistent long-term retrieval (SRT-CLTR), which 
reflects the consistency of unaided retrieval from verbal long-term 
memory storage; (iii) delayed recall (SRT-D), an index of long-term 
verbal recall ability. The Spatial Recall Test (SPART) evaluates visuo-
spatial memory and produces two subscores: (i) SPART, a measure of 
visuospatial learning; (ii) SPART-D, a measure of delayed visuospatial 
recall. The Symbol-Digit Modalities Test (SDMT) is a measure of pro-
cessing speed and visual attention. The Paced Serial Additions Test 
(PASAT) evaluates working memory and attention and consists of 
two tests, one in which numbers are presented with an interval of 
3 s (PASAT-3) and one with an interval of 2 s (PASAT-2). Lastly, the 
Word List Generation (WLG) test represents an index of language 
functioning and specifically of semantic verbal fluency.

At the time of cognitive testing, patients were also evaluated 
with Beck’s Depression Inventory–II (BDI-II) [24] in order to assess 
the presence of depressive symptoms. The BDI-II allows for a cat-
egorization of the severity of depressive symptoms, which can be 
defined as none or minimal (score ≤13), mild (score 14–19), moderate 
(score 20–28) or severe (score ≥29) [25].

Data analysis

All analyses were performed with SPSS 26.0 (IBM, 2019). All tests 
were two-sided, and a p value ≤0.05 was considered significant. 
Normality of distribution of the data was assessed by analysing 
skewness and kurtosis [26].

Descriptive analyses were conducted for demographic and clin-
ical data [23]. Differences in performance to the eight subscales of 
the BRB-NT between T1 and T2 were assessed using a paired sam-
ples t test. As suggested by Armstrong [27], multiple comparisons 
were not corrected for in order to minimize the risk of a type II error 
and because the eight neuropsychological scores represent differ-
ent cognitive processes and functions.

The potential predictors of cognitive performance were exam-
ined through a series of hierarchical multiple linear regression analy-
ses. Our dependent variables were the raw scores to the eight tests 
of the BRB-NT. As independent variables, in block 1 four sociode-
mographic and clinical predictors were entered, namely age, sex, 
years of education and the time interval between hospital discharge 
and neuropsychological assessment. In block 2, the lowest P/F ratio 
observed in each patient during their hospital stay was entered. As 
effect sizes, the partial correlation coefficient r for each indepen-
dent variable and the adjusted percentage of explained variance (R2) 
for each block were reported.

Associations between hyposmia, dysgeusia and BRB-NT sub-
scale scores were assessed using analyses of covariance (ANCOVAs), 
with hyposmia or dysgeusia as independent variables (present vs. 
absent), BRB-NT test scores as dependent variables, and age, sex, 
education and discharge–assessment interval as covariates. As a 
measure of effect size, ηp

2 values are reported.

Standard protocol approvals, registrations and 
patient consents

The study was approved by the Institutional Ethics Committee of the 
San Paolo Hospital of Milan (CogCov study: Reg. no. 2020/ST/105) 
and was conducted in accordance with the Declaration of Helsinki. 
All participants provided written informed consent to participate in 
this study.

RESULTS

Study population

Our study population (see Table 1) consisted predominantly of male 
patients (n = 56, 73.7%); mean age was 56.24 ± 12.08 (mean ± SD) 
and the majority of our participants (n  =  54, 70.2%) had at least 
13  years of education. On average, patients were hospitalized for 
12 days (11.97 ± 7.48), and the mean viral clearance time was about 
1 month (33.59 ± 9.79 days).

The P/F values were available for 69 patients. Of these, 33 
(48.5%) experienced no acute respiratory distress syndrome (ARDS) 
(P/F ratio >300), 18 (26.5%) experienced mild ARDS (P/F ratio 200–
300), 15 (19.7%) experienced moderate ARDS (P/F ratio 100–200) 
and two patients experienced severe ARDS (P/F ratio <100) [28].

At T1, about half of our patients reported hyposmia (n  =  33, 
44.6%) or dysgeusia (n = 36, 48.6%), and 32 (n = 42.1%) reported the 
occurrence of both symptoms. Subjective cognitive complaints were 
reported by 31 (41.3%) patients at the time of the first assessment. 
Out of the 53 patients who were assessed at T2, five (9.4%) still re-
ported persisting hyposmia, whilst seven (13.2%) reported persist-
ing dysgeusia. Subjective cognitive deficits were still reported by 29 
(54.7%) patients.
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The prevalence of depressive symptoms at T1 was low (mean 
BDI-II score 9.59 ± 9.46), with 74.7% of patients reporting no or mini-
mal symptoms, 11.8% mild symptoms and 6.6% moderate symptoms, 
whilst 6.6% reported severe symptoms. At T2, four (7.5%) patients 
had mild depressive symptoms, five (9.4%) had moderate depressive 
symptoms and five (9.4%) had severe depressive symptoms; the re-
maining 39 (73.6%) reported no/minimal depressive symptoms.

The patients who dropped out after T1 tended to be younger 
(51.00 ± 14.35 years vs. 58.51 ± 10.29 years, p = 0.030), but there 
were no other significant differences in terms of male/female 
ratio (p  =  0.777), education (p  =  0.780), type of oxygen therapy 
(p  =  0.938), hospitalization duration (p  =  0.938) or viral clearance 
time (p = 0.592).

Cognitive functioning

At T1, more than half (n  =  48, 63.2%) of patients had deficits in 
at least one test, 31 (40.8%) in at least two tests and 18 (23.7%) 
in three or more tests. The most affected domain was processing 
speed (SDMT, n  =  31, 40.8% of patients), followed by long-term 

verbal memory (SRT-D, n = 20, 26.3%; SRT-LTS, n = 13, 17.1%; SRT-
CLTR, n = 15, 19.7%) and long-term visuospatial memory (SPART-D, 
n = 14, 18.2%).

At T2, 26 (49.1%) still showed deficits in at least one cognitive 
test, 17 (32.1%) showed deficits in at least two tests and seven 
(13.2%) showed deficits in three or more tests. Given that patients 
who recover are usually less willing to undergo follow-up examina-
tions, it is possible that the observed rate of cognitive impairment 
after 1 year might represent an overestimation of the real rate of 
cognitive impairment. Assuming that all patients who were lost to 
follow-up had returned to normal cognition, the prevalence of cog-
nitive impairment would be 34.1%.

Processing speed remained the most frequently affected domain 
(SDMT, n = 15, 28.3%), followed by long-term visuospatial (SPART-D, 
n = 10, 18.9%) and verbal (SRT-D, n = 8, 15.1%) memory. Detailed re-
sults of the neuropsychological assessments are reported in Table 2.

Compared to T1 (5 months), a significant improvement in cog-
nitive performance was observed for all tests of verbal memory 
(SRT-LTS, p = 0.005; SRT-CLTR, p = 0.028; SRT-D, p = 0.047) and 
attention/processing speed (SDMT, p < 0.001; PASAT-3, p = 0.005; 
PASAT-2, p = 0.024). It should be noted that, although PASAT-2 mean 
scores improved significantly, the percentage of patients with scores 
below the norm increased slightly, possibly for the reason outlined 
above (i.e., patients who recovered to normal cognition may have 
been less motivated to return for the follow-up assessment). No 
significant improvements for tests of visuospatial learning (SPART, 
p = 0.565), visuospatial delayed recall (SPART-D, p = 0.520) and ver-
bal fluency (WLG, p = 0.329) were observed.

Associations between clinical variables and cognitive 
functioning

At T1, block 2 of the regression models reached significance only 
for SRT-LTS and SPART subscales. As for SRT-LTS, at block 1 soci-
odemographic and clinical variables contributed significantly to the 
regression model (see Table 3 for F values, df and p values), account-
ing for 19.5% of the variation in the dependent variable. Introducing 
the P/F ratio explained an additional 4.7% of the variation in SRT-
LTS and this change in R2 was significant (F change [1, 63] = 4.993; 
p  =  0.029). As for SPART, at block 1 sociodemographic and clini-
cal variables contributed significantly to the regression model and 
explained up to 11.4% of the variation in the dependent variable. 
Introducing the P/F ratio explained an additional 4.3% of the vari-
ation in SPART and this change in R2 was significant (F change [1, 
65]  =  4.332; p  =  0.041). In both cases, a greater P/F ratio during 
hospital stay was a significant positive predictor of cognitive perfor-
mance in the months following hospital discharge, whilst controlling 
for all other variables in the model (see Table 3).

At T2, block 1 was significant for all cognitive tests with the ex-
ception of SPART-D (p = 0.620). The P/F ratio was added in block 2 
but was not found to be a significant predictor of performance in any 
cognitive test at T2 (see Table S1).

TA B L E  1  Sociodemographic and clinical characteristics of the 76 
hospitalized patients affected by COVID-19

N (valid %) or mean (SD)

T1 (N = 76) T2 (N = 53)

Sex

Females 20 (26.3%) 15 (28.3%)

Males 56 (73.7%) 38 (71.7%)

Age 56.24 (12.08) 58.51 (10.29)

Education (years)

≤8 22 (28.9%) 17 (32.1%)

9–13 33 (43.4%) 22 (41.5%)

>13 21 (27.6%) 14 (26.4%)

Hospitalization duration 
(days)

11.97 (7.48) 11.94 (7.07)

Viral clearance time (days) 33.59 (9.79) 34.02 (10.09)

Oxygen therapy

None 8 (10.5%) 6 (11.3%)

Low-flow 35 (46.1%) 24 (45.3%)

NIV 26 (34.2%) 16 (30.2%)

Intubation 7 (9.2%) 7 (13.2%)

Hyposmia

No 41 (55.4%) 48 (90.6%)

Yes 33 (44.6%) 5 (9.4%)

Dysgeusia

No 38 (51.4%) 46 (86.8%)

Yes 36 (48.6%) 7 (13.2%)

Abbreviation: NIV, non-invasive ventilation.
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After controlling for age, sex, education and discharge–
assessment interval, worse long-term visuospatial memory perfor-
mance was observed at T1 (SPART-D score) in patients who reported 
hyposmia (F[1, 68] = 5.65; p = 0.020; ηp

2 = 0.077) or dysgeusia (F[1, 
68] = 4.50; p = 0.037; ηp

2 = 0.062). There were no significant dif-
ferences in other cognitive functions (all p > 0.070; see Table S2). 
Cognitive performance at T2 was not significantly different between 
patients who had ARDS and those who did not (see Table S3).

Bivariate analyses were conducted to assess the relationships 
between other clinical variables and cognitive performance at T1. 
After controlling for age, sex, education and discharge–assessment 
interval, an inverse correlation was observed between serum ala-
nine transaminase levels during hospitalization and long-term verbal 
memory performance (SRT-D, r = −0.294; p = 0.014). BDI-II scores 
did not correlate with cognitive performance. Detailed results are 
reported in Table S4.

DISCUSSION

The long-term cognitive profile of recovered patients with COVID-19 
was assessed by neuropsychological assessments after 1 year from 
discharge. To the best of our knowledge, this is the first study to re-
port cognitive data at 1 year from clinical recovery from COVID-19.

More than half of our patients had deficits in at least one cogni-
tive test after about 5 months from hospital discharge. Attention/
processing speed was the most frequently impaired domain, fol-
lowed by long-term verbal and visuospatial memory. Whilst at-
tention/processing speed remained the most frequently affected 
domains, the prevalence of long-term verbal memory deficits de-
creased significantly after 1 year, whereas no significant change was 
observed in visuospatial learning and delayed recall.

Our study also expands the results from previous studies on cog-
nitive functioning in the first months following clinical recovery and 
shows that, whilst attention/processing speed and long-term verbal 
memory deficits represent the dominant feature of cognitive impair-
ment in the post-acute phase, they tend to improve as time progresses, 
whereas visuospatial memory deficits do not. Miskowiak et al. [10] 
reported similar rates of cognitive impairment at 4 months from hos-
pital discharge, observing that verbal memory and executive function 
were the most affected domains. Méndez et al. [11] reported deficits 
in at least one cognitive function in 58.7% of patients at 4 months 
from clinical recovery, verbal memory being the most affected do-
main. Nevertheless, other studies have reported lower rates of cogni-
tive impairment [8,13,29]. The heterogeneity of results from different 
studies probably reflects sociodemographic, clinical and methodolog-
ical differences. Indeed, Mattioli et al. [8] studied healthcare workers 
who had recovered from mild COVID-19 and were younger than our 
sample, reporting the presence of cognitive deficits in 30%. Almeria 
et al. [13] evaluated patients with severe COVID-19, but it should be 
noted that the mean age of the patients included in their study was 
also significantly lower than that of our sample.

A recent meta-analysis which included data from 43 studies re-
ported a pooled proportion of cognitive impairment of 22% (95% 
confidence interval 17%–28%). Crucially, the prevalence of cognitive 
impairment rose to 36% (95% confidence interval 27%–46%) when 
only the studies which performed objective neuropsychological as-
sessments were considered (n = 12), highlighting the importance of 
performing formal neuropsychological assessments as mild cognitive 
deficits are historically often underreported [30]. Notably, whilst hos-
pitalized patients tended to present higher rates of long-term cognitive 
impairment (30%) compared to non-hospitalized patients (20%), this 
difference was not significant (p  =  0.096) [29]. However, this meta-
analysis did not further evaluate the prevalence of cognitive impairment 

TA B L E  2  Results of the cognitive assessments at 5 (T1) and 12 (T2) months from discharge

Test

Test score (mean ± SD)

t(52) p Cut-off

Percentage below the 
normative cut-off

T1 (N = 76) T2 (N = 53) T1 (N = 76) T2 (N = 53)

SRT-LTS 35.64 ± 13.77 40.62 ± 14.20 2.966 0.005 >23.3 17.1% 7.5%

SRT-CLTR 27.75 ± 13.06 31.49 ± 14.61 2.259 0.028 >15.5 19.7% 5.7%

SRT-D 6.92 ± 2.66 7.45 ± 2.43 2.038 0.047 >4.9 26.3% 15.1%

SPART 17.75 ± 5.01 18.21 ± 5.12 0.579 0.565 >12.7 14.5% 15.1%

SPART-D 5.66 ± 2.07 5.87 ± 2.07 0.648 0.520 >3.6 18.2% 18.9%

SDMT 38.81 ± 9.88 42.85 ± 10.14 4.891 <0.001 >37.9 40.8% 28.3%

PASAT-3 41.66 ± 11.98 44.94 ± 11.72 2.961 0.005 >28.4 14.5% 7.5%

PASAT2 30.81 ± 9.36 33.15 ± 10.82 2.331 0.024 >17.1 3.9% 5.7%

WLG 24.75 ± 4.69 25.36 ± 5.10 0.985 0.329 >17.0 5.3% 5.7%

Note: p values reflect the statistical significance of differences (paired t test) between scores at T1 and T2 for the 53 patients who received the 
follow-up examination at T2.
Bold indicates statistically significant (p<0.05) results.
Abbreviations: PASAT, Paced Auditory Serial Addition Test; SDMT, Symbol-Digit Modalities Test; SPART, Spatial Recall Test; SPART-D, Spatial Recall 
Test (delayed recall); SRT-CLTR, Serial Recall Test Consistent Long-Term Retrieval; SRT-D, Serial Recall Test (delayed recall); SRT-LTS, Serial Recall 
Test Long-Term Storage; WLG, Word List Generation.
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across the different cognitive domains and did not differentiate be-
tween studies using a complete neuropsychological assessment and 
those that only used brief global cognition screening tests, probably 
due to the small number of published studies with formal neuropsy-
chological testing. Future meta-analyses should aim to provide a more 
detailed cognitive profile of these patients, as our results suggest that 
not all cognitive domains and functions are affected equally.

When the impact of clinical variables was assessed, it was found 
that worse P/F ratios were associated with worse long-term mem-
ory and visuospatial learning, whilst hyposmia and dysgeusia were 
associated with worse visuospatial long-term memory. Neither the 
P/F ratio nor hyposmia/dysgeusia were associated with cognitive 
dysfunction after 1 year, indicating that clinical illness variables af-
fect the profile of cognitive impairment in the short and medium 
term but not in the long term. Overall, these results suggest that 
different—but not necessarily mutually exclusive—pathological 

processes may underlie cognitive dysfunction in recovered 
COVID-19 patients, and that time from clinical recovery also plays 
a significant role. Respiratory distress, which leads to hypoxaemia 
and hypoxia, can cause long-lasting cognitive impairment [17,31] 
and brain abnormalities [32]. Prior to the current pandemic, studies 
on the cognitive sequelae of patients hospitalized for ARDS have 
highlighted substantial cognitive deficits at the time of discharge, 
with slow but evident improvement in the longer term [33,34]. 
Recent studies found that hospitalization in the intensive care unit 
for severe COVID-19-related ARDS increases the risk of cognitive 
impairment [35,36]. It is less clear, however, whether a distinct cog-
nitive profile could be associated with ARDS. Indeed, some have 
found memory impairment to be predominant [18], whilst others 
reported a greater impact on executive functioning [31].

Our study expands upon this evidence, showing that clinical 
indices such as P/F ratio values during hospitalization can predict 

TA B L E  3  Unstandardized B, standard errors, standardized beta, t values, p values and partial r correlation coefficients in the sample of 76 
hospitalized patients affected by COVID-19

B SE Beta t p Partial r

Predictors of SRT-LTS

Block 1 F(4, 64) = 5.123, p = 0.001; adjusted R2 = 0.195

Intercept 60.016 11.877 5.053 <0.001

Sex −2.059 3.940 −0.060 −0.523 0.603 −0.065

Age −0.509 0.148 −0.409 −3.446 0.001 −0.396

Education 0.738 0.511 0.172 1.443 0.154 0.177

Discharge–assessment interval −0.015 0.039 −0.044 −0.374 0.710 −0.047

Block 2 F(1, 63) = 5.353, p < 0.001; adjusted R2 = 0.242

Intercept 37.137 15.415 2.409 0.019

Sex −1.095 3.847 −0.032 −0.285 0.777 −0.036

Age −0.427 0.148 −0.342 −2.883 0.005 −0.341

Education 0.693 0.496 0.162 1.396 0.167 0.173

Discharge–assessment interval 0.024 0.042 0.071 0.575 0.568 0.072

P/F ratio 0.044 0.020 0.277 2.235 0.029 0.271

Predictors of SPART

Block 1 F(4, 65) = 3.220, p = 0.018; adjusted R2 = 0.114

Intercept 14.995 4.282 3.502 0.001

Sex 1.653 1.408 0.139 1.174 0.245 0.144

Age −0.095 0.053 −0.225 −1.794 0.077 −0.217

Education 0.287 0.179 0.200 1.604 0.114 0.195

Discharge–assessment interval 0.024 0.014 0.206 1.699 0.094 0.206

Block 2 F(1, 63) = 3.574, p = 0.007; adjusted R2 = 0.157

Intercept 7.304 5.576 1.310 0.195

Sex 1.941 1.380 0.163 1.407 0.164 0.173

Age −0.068 0.053 −0.161 −1.280 0.205 −0.158

Education 0.280 0.174 0.195 1.608 0.113 0.197

Discharge–assessment interval 0.037 0.015 0.316 2.438 0.018 0.291

P/F ratio 0.015 0.007 0.269 2.081 0.041 0.252

Abbreviations: P/F, partial oxygen pressure/fractional inspired oxygen; SPART, Spatial Recall Test; SRT-LTS, Serial Recall Test Long-Term Storage.
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memory performance. The specific association between memory 
deficits and respiratory distress could reflect a direct consequence 
of hypoxic damage, considering the known susceptibility of the hip-
pocampus to hypoxia [37]. This hypothesis is supported by the fact 
that the P/F ratio selectively predicted the scores in two tests of 
memory which reflect in particular the integrity of memory encod-
ing and storage processes, which are classically ascribed to the hip-
pocampus and other medial temporal lobe areas [38,39]. However, 
other factors such as cytokine-related hyperinflammation, coag-
ulopathy, blood–brain barrier breakdown and production of anti-
neuronal antibodies [16,20,40] might also play a significant role.

Additionally, our data expand the findings of a study which re-
ported an association between hyposmia and cognitive impairment at 
6 months [9]. The authors did not conduct detailed neuropsychologi-
cal assessments and therefore could not establish whether hyposmia 
was associated with an impairment of specific cognitive functions. 
The association between smell and taste alterations and memory 
deficits observed in our study might suggest a direct involvement of 
the olfactory tract and the entorhinal cortex, which is anatomically 
and functionally associated with the hippocampus [41]. Nevertheless, 
the direct relationship between hyposmia and cognitive dysfunction 
has not yet been fully understood. In the context of COVID-19, smell/
taste alterations have been hypothesized to reflect viral access of 
SARS-CoV-2 to the CNS via trans-synaptic olfactory pathways [42]. 
Although studies have demonstrated that SARS-CoV-2 can access 
both brainstem [43] and brain [16,44], the specific contribution of ei-
ther viral neurotropism or inflammatory response to the aetiology of 
brain alterations observed in these patients is still debated.

Our work has some key limitations, such as the lack of baseline 
data on cognitive function, that stem from the fact that adult partic-
ipants were assessed who did not report cognitive problems prior to 
having COVID-19 and therefore had never required a cognitive as-
sessment. A control group was also lacking, a limitation shared by most 
studies published on this topic to date [6,9,11,13,35], reflecting the 
consequences of the ongoing pandemic, which limits the possibility 
of recruiting healthy participants for in-person hospital assessments. 
Finally, due to missing data at T2, results could not be generalized 
but, as appropriate analyses can eliminate or reduce bias, studies with 
larger sample sizes are needed in order to confirm our results.

In conclusion, cognitive impairment can still be observed in al-
most 50% of formerly hospitalized patients with COVID-19 at 1 year 
from respiratory clinical recovery. The prevalence of cognitive im-
pairment decreased at 1  year from hospitalization, indicating that 
many patients recovered during the course of 1 year. Clinical vari-
ables such as P/F ratio and hyposmia or dysgeusia were associated 
with long-term memory performance in the months following hos-
pitalization, but not at 1 year. Clinicians should be aware that P/F 
ratio and hyposmia/dysgeusia might represent risk factors for the 
development of cognitive impairment in COVID-19.

It is therefore suggested that patients who had more severe forms 
of COVID-19, as indicated by lower P/F ratio values (<300), should 
undergo a cognitive assessment following clinical recovery and re-
ceive periodic follow-up evaluations. Cognitive deficits in recovered 

patients with COVID-19 could carry significant social and occupa-
tional implications, in particular for younger patients who might 
struggle to regain premorbid levels of performance in work-related 
tasks and thus experience increased mental fatigue and stress.
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