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Abstract
Introduction Brain fog has been described up to 1 year after SARS-CoV-2 infection, notwithstanding the underlying mecha-
nisms are still poorly investigated. In this study, we aimed to evaluate the prevalence of cognitive complaints at 1-year 
follow-up and to identify the factors related to persistent brain fog in COVID-19 patients.
Methods Out of 246 COVID patients, hospitalized from March 1st to May 31st, a sample of 137 patients accepted to be 
evaluated at 1 year from discharge, through a full clinical, neurological, and psychological examination, including the Mon-
treal Cognitive Assessment (MoCA), impact of event scale-revised (IES-R), Zung self-rating depression scale (SDS), Zung 
self-rating anxiety scale (SAS), and fatigue severity scale (FSS). Subjects with prior cognitive impairment and/or psychiatric 
disorders were excluded.
Results Patients with cognitive disorders exhibited lower MoCA score (22.9 ± 4.3 vs. 26.3 ± 3.1, p = 0.002) and higher 
IES-R score (33.7 ± 18.5 vs. 26.4 ± 16.3, p = 0.050), SDS score (40.9 ± 6.5 vs. 35.5 ± 8.6, p = 0.004), and fatigue severity 
scale score (33.6 ± 16.1 vs. 23.7 ± 12.5, p = 0.001), compared to patients without cognitive complaints. Logistic regression 
showed a significant correlation between brain fog and the self-rating depression scale values (p = 0.020), adjusted for age 
(p = 0.445), sex (p = 0.178), premorbid Cumulative Illness Rating Scale (CIRS) (p = 0.288), COVID-19 severity (BCRSS) 
(p = 0.964), education level (p = 0.784) and MoCA score (p = 0.909).
Conclusions Our study showed depression as the strongest predictor of persistent brain fog, adjusting for demographic and 
clinical variables. Wider longitudinal studies are warranted to better explain cognitive difficulties after COVID-19.
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Cognitive symptoms have been commonly reported in 
post-COVID syndrome up to 1 year after the SARS-CoV-2 
infection, together with anxiety, fatigue, myalgia, and chest 
tightness [1–3].

According to previous studies, cognitive complaints are 
commonly described as “brain fog,” characterized by low-
thinking, difficulties in focusing the attention, subjective 
confusion, and forgetfulness.

Recently, several imaging reports also showed brain func-
tional changes in small series of patients presenting long-
term cognitive symptoms after SARS-CoV-2 infection [4, 
5]. Despite the growing literature in the field, the long-term 
course of cognitive deficits, their association with severity of 
the COVID-19 at onset, with premorbid conditions, and with 
other long-term symptoms is still the theme of debate—as 
the underlying mechanisms of cognitive deficits reported are 
largely unexplained [6, 7].

In this study, we aimed to evaluate the prevalence and 
predictive factors of cognitive complaints (CC) reported 
at 1-year follow-up in patients hospitalized for COVID-19 
(Table 1).

Out of 246 patients admitted at the COVID-19 Unit, 
ASST Spedali Civili Hospital, Brescia (Italy), for respira-
tory complications of SARS-CoV-2 infection, from March 
1st to May 31st, a sample of 132 patients was evaluated after 
12 months from discharge. A full clinical, neurological, and 
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psychological examination was performed, including the 
Montreal Cognitive Assessment (MoCA), impact of event 
scale-revised (IES-R), Zung self-rating depression scale 
(SDS), Zung self-rating anxiety scale (SAS), and fatigue 
severity scale (FSS).

Patients with premorbid dementia or cognitive impair-
ment (n = 2) and depressive anamnestic syndrome (n = 3) 
were excluded.

Out of the total sample, 25 subjects (22%) reported CC 
consistent with brain fog, at 1-year follow-up.

Patients with and without CC did not differ for age, 
premorbid conditions, and severity of COVID-19 at 
onset, whereas CC subjects exhibited lower MoCA score 
(22.9 + 4.3 vs. 26.3 + 3.1, p = 0.002), higher IES-R score 
(33.7 + 18.5 vs. 26.4 + 16.3, p = 0.050), worse SDS score 
(40.9 + 6.5 vs. 35.5 + 8.6, p = 0.004), and higher Fatigue 
Severity Scale (FSS 33.6 + 16.1 vs. 23.7 + 12.5, p = 0.001). 
To explore factors associated with “brain fog,” logistic 
regression model was carried out, controlling for multiple 
covariates.

Notably, depressive symptoms measured by SDS 
(p = 0.02; Exp(B) 1.09, 95% C.I. 1.01–1.18) emerged as 
the factor with strongest correlation with cognitive com-
plaints, controlling for age (p = 0.445; Exp(B) 1.03, 95% 
C.I. 0.96–1.10), sex (p = 0.178; Exp(B) 0.40, 95% C.I. 
0.11–1.51), premorbid Cumulative Illness Rating Scale 
(CIRS) (p = 0.288; Exp(B) 4.33, 95% C.I. 0.29–64.6), 
COVID-19 severity (BCRSS)(p = 0.964; Exp(B) 0.98, 95% 
C.I. 0.41–2.32), education level (p = 0.784; Exp(B) 0.98, 
95% C.I. 0.86–1.12), and MoCA score (p = 0.909; Exp(B) 
0.99, 95% C.I. 0.80–1.22).

These findings confirmed that a relevant percentage of 
COVID-19 patients are still affected by “brain fog” associ-
ated with other post-COVID symptoms at 1-year follow-
up, in line with larger previous surveys [6]. Moreover, 
brain fog subjects exhibited cognitive disturbances, albeit 
with preserved basic and instrumental daily living activi-
ties functions. Although the mechanisms underlying long-
term cognitive involvement are still unclear, depressive 
symptoms emerged as the most important clinical variable 
associated with CC, regardless of MoCA performance. The 
results are of novel interest, especially when considering 
the exclusion of patients with premorbid cognitive or psy-
chiatric disturbances. On one hand, the results of cognitive 
testing excluded the presence of severe cognitive deficits 
with impact in all-day life and possibly suggest that “brain 
fog” might be due to a depressive state. On the other, it 
has been claimed that depression might conversely refer to 
an inflammatory-mediated long-term brain dysfunction [8]. 
The lack of association we found between “brain fog” and 
COVID-19 severity suggests that factors other than infec-
tion have a prominent role for post-COVID sequelae. This 
fits with recent findings on psychosocial factors linked to 
premorbid brain-health vulnerability [9, 10]. A larger use 
of prospective neuronal and glial markers in post-COVID 
follow-up might allow a better understanding of factors lead-
ing to cognitive symptoms’ progression or remission after 
the acute phases of the disease.

Despite some main limitations of this work, namely the 
unavailability of premorbid cognitive screening and the 
small sample size, this is the first longitudinal study to show 
a correlation between cognitive and depressive symptoms 

Table 1  Demographic and 
clinical factors associated 
with subjective cognitive 
complaints. *p values were 
calculated by Mann Whitney 
test or Fisher’s exact test, as 
appropriate. Abbreviations: 
BCRSS, Brescia-COVID 
Respiratory Severity Scale, 
CIRS, cumulative illness rating 
scale mRS, modified ranking 
scale; qSOFA, quick Sequential 
Organ Failure Assessment, 
IES-R, Impact of Event Scale-
Revised; SDS, Self-rating 
depression scale; SAS, Self-
Rating Anxiety Scale

Patients without SCC
(n = 107)

Patients with SCC
(n = 25)

p value

Demographic and clinical characteristics
Age, years 64.6 ± 12.4 68.5 ± 11.1 0.157
Sex, female 32 (30.2%) 7 (29.2%) 00.921
mRS pre 0.31 ± 0.6 0.39 ± 0.5 0.587
CIRS severity index pre-hospitalization 1.3 ± 0.3 1.3 ± 0.4 0.571
NHS at admission (median value) 5.8 ± 2.6 6.7 ± 2.5 0.121
qSOFA at admission 1.05 ± 1.3 1.88 ± 1.9 0.118
BCRSS at admission (median value) 0.5 ± 0.6 0.4 ± 0.5 0.473
Low-flow oxygen treatment 52 (49.5%) 15 (62.5%) 0.268
Non-invasive ventilation 9 (8.5%) 4 (16.7%) 0.258
Total days of O2 therapy 5.3 ± 8.6 6.9 ± 5.9 0.383
MoCA score at 6 M follow-up 25.4 ± 3.1 21.8 ± 3.1  < 0.001
MoCA score at 12 M follow-up 26.3 ± 3.1 22.9 ± 4.3 0.002
IES-R 26.4 ± 16.3 33.7 ± 18.5 0.050
Fatigue severity scale 23.7 ± 12.5 33.6 ± 16.1 0.001
SDS (Zung) 35.5 ± 8.6 40.9 ± 6.5 0.004
SAS (Zung) 36.5 ± 5.9 35.9 ± 7.7 0.674
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after 1 year from COVID-19 recovery, independently from 
premorbid conditions and SARS-CoV-2 infection severity.

Larger longitudinal studies are warranted to shed further 
light on possible underlying mechanisms and future thera-
peutic strategies to reduce the burden of long-term neuro-
logical sequelae.
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