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Abstract: There is mounting evidence that patients with severe COVID-19 disease may have symp-
toms that continue beyond the acute phase, extending into the early chronic phase. Often referred
to as '"Long COVID'. Simultaneously, case investigations have shown that COVID-19 individuals
might have a variety of neurological problems. The accurate and accessible assessment of cognitive
function in patients post COVID-19 infection is thus of increasingly high importance for both public
and individual health. Little is known about the influence of COVID-19 on the general cognitive
levels but more importantly, at sub functions level. Therefore, we first aim to summarize current
level of evidence supporting a negative impact of COVID-19 infection on cognitive functions. 27
studies have been included in the systematic review representing a total of 94,103 participants
(90,317 COVID-19 patients and 3,786 healthy controls). We then performed a meta-analysis summa-
rizing the results of 5 studies (959 participants, 513 patients) to quantify the impact of COVID-19 on
cognitive functions. The overall effect, expressed in Standardized Mean Differences, is -0.56 [95%CI
-0.79 ; -0.34]. To prevent disability, we finally discuss the different approaches available in rehabili-
tation to help these patients and to avoid long-term complication.

Keywords: Long-COVID; cognitive disorders; rehabilitation

1. Introduction

In December 2019, the first cases of the new severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) were reported in Wuhan, China [1]. Coronavirus disease 2019
(COVID-19) is caused by coronavirus 2 causing severe acute respiratory syndrome (SARS-
CoV-2). The COVID-19 has rapidly spread all over the world despite important efforts
(i.e., lockdown, quarantine, social distancing) made to try to contain it [2]. On May 17t
the total number of detected cases was more than 522 million and the total number of
death 6,267,500 [3].

Even though pulmonary impairments are the most prevalent manifestation of
COVID-19, extrapulmonary manifestations are abundant [4], and there are increasing ev-
idences in favour for an extra-respiratory spreading from the coronaviruses. For the large
majority of people, the recovery after COVID-19 infection is complete within 12 weeks.
However, there will be a large number of recovered COVID-19 patients who may experi-
ence a variety of long-term health effects. Even though the multi-organ manifestations of
COVID-19 are now well-documented, the potential long-term consequences of these man-
ifestations remain unknown. People with COVID-19 might have sustained post infection
sequelae. Known by a variety of names, including long COVID or long-haul COVID, and
listed in the ICD-10 classification as post-COVID-19 condition since September, 2020, this
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occurrence is variable in its expression and impact [5]. Post-COVID-19 condition occurs
in individuals with a history of probable or confirmed SARS-CoV-2 infection, usually 3
months from the onset, with symptoms that last for at least 2 months and cannot be ex-
plained by an alternative diagnosis. Common symptoms include, but are not limited to,
fatigue, shortness of breath, and cognitive dysfunction, and generally have an impact on
everyday functioning. Symptoms might be new onset following initial recovery from an
acute COVID-19 episode or persist from the initial illness. Symptoms might also fluctuate
or relapse over time [5]. In this context, the accurate and accessible assessment of cognitive
functions in patients post COVID-19 infection is thus of increasingly high importance for
both public and individual health. Usually, cognition is divided into several sub-functions
such as attention, memory, language and visuospatial abilities [6,7]. These sub-functions
are for example each impacted differently by the process of aging [8] but little is known
about the influence of COVID-19 on the general cognitive levels but more importantly at
sub-functions level. "Post COVID" clinics have been created in various countries, espe-
cially in Europe, for the management of people affected by long COVID syndrome. Guide-
lines have been written to help clinicians. An important role in the management of long
COVID patients is played by the general practitioner, directly or indirectly linked to post
COVID hospital clinics. The extreme heterogeneity of clinical presentation needs a pa-
tient-tailored, multidisciplinary approach, note that only very limited information are
available concerning the rehabilitation of these patients [9].

Therefore, this study has two main objectives. We first aim to summarise current
level of evidence supporting a negative impact of COVID-19 infection on cognitive func-
tions. Then we will present and discuss the different potential intervention available in
rehabilitation to try to decrease the risk of cognitive disorders after COVID-19 infection
and restore optimal cognitive functions in patients presenting long COVID symptoms.

2. Methods

The protocol of the present study was registered in the International Prospective Reg-
ister of Systematic Reviews PROSPERO (registration number CRD42022303425).

2.1. Search strategy

Records were searched on three databases (Pubmed, Biber, and Scopus) to identify
eligible studies published before April 2022

The search strategy was be built around the relationship between COVID-19 and cog-
nitive functions. The search terms included a combination of the following MeSH terms
and free words: COVID-19: (COVID* OR Sars-Cov2); COGNITION: ("cognit*™ OR
"memory" OR "attent* OR "intellect" OR "executive funct*" OR "recognit*"' OR "IQ" OR
"problem solving" OR “psychomotor speed” OR “mental flexib*” OR “choice react*” OR
“emotional bias” OR “planning” OR “response inhibition”). References from selected pa-
pers and from other relevant articles were screened for potential additional studies in ac-
cordance with the snowball principle. The search was limited to journal articles published
in English.
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2.2. Eligibility criteria

A PEO approach was used as inclusion and exclusion criteria, which were assessed by
the study team [10].

e Population: Healthy adults (without pre-existing conditions) with COVID-19
diagnosed using PCR. Studies with patients suffering from neuropsychiatric
disorders before the infection were therefore not included in this analysis.

¢ Exposure: COVID-19 infection.

e Outcome: Any outcomes related to cognitive disorders, loss of cognitive func-
tions, and/of cognitive fatigue.

A flow diagram of the study selection with the screened articles and the selection pro-
cess is presented in Figure 1

2.3. Data extraction

The following information was extracted from the included studies: characteristics of
the patients (age, sex ratio, education level), main outcomes, cognitive (sub)-functions
assessed, and period of recruitment.

2.4. Quality assessment

The critical appraisal of the methodology was based on the Newcastle-Ottawa Scale
(NOS) [11]. The following thresholds were used to convert the NOS to the Agency for
Healthcare Research and Quality (AHQR) standards [12]: Good quality: 3 or 4 stars in
selection domain and 1 or 2 stars in comparability domain and 2 or 3 stars in outcome/ex-
posure domain. Fair quality: 2 stars in selection domain and 1 or 2 stars in comparability
domain and 2 or 3 stars in outcome/exposure domain Poor quality: 0 or 1 star in selection
domain or O stars in comparability domain or 0 or 1 stars in outcome/exposure domain.

2.5. Statistical analysis

For studies assessing the efficacy of a rehabilitation program, we performed a meta-
analysis. The measure of treatment effect was the standardized mean difference effect size
(standardized mean difference (SMD)), defined as the between-group difference in mean
values divided by the pooled SD computed using the Hedge’s g method. If different tests
were used to assess the same cognitive sub-functions in the same study, the different re-
sults were pooled to have one unique SMD as recommended by Cochrane’s group [13]. A
positive SMD implies an increased risk of lower cognitive function compared to the con-
trol. We assessed the heterogeneity in stratified analyses by type of cognitive sub-func-
tions. We calculated the variance estimate tau? as a measure of between-trial heterogene-
ity. We prespecified a tau? of 0.0 to represent no heterogeneity, 0.0-0.2 to represent low
heterogeneity, 0.2-0.4 to represent moderate heterogeneity, and above 0.4 to represent
high heterogeneity between trials [14]. To deal with high or moderate heterogeneity we
used random-effect models and presented forest plots for the different cognitive func-
tions. We checked for publication bias using funnel plot [15] and Egger’s test for the inter-
cept was applied to check the asymmetry [16].

2.6. Ethical approval

This review was reported following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) recommendations [17]. For the present study, no eth-
ics committee approval was necessary.
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3. Results
3.1. Search results

27 studies have been finally included in the systematic review. The PRISMA
flowchart of the study selection is presented in Figure 1.

_5 Records identified through || Records identified through || Records identified through
‘5 PubMed Web of Sciences Biber
= (n=1,645) (n=421) (n=234)
=4
g | |
_ Records after duplicates removal
(n=1,545)
w Excluded
= ; (n=1,433)
s T|tIe5/Abs_trfc5t455creened R (COVID and long-COVID
E (n=1,545) symptoms not compaired/related
to cognitive impairment)
— Full text articles excluded
> Full text assessed for o (n=77) .
£ eligibility (no statistical analysis, no group
S (n=112) _I_. comparison, already
%“ comorbidities and cognitive
disorders, restricted to one age
| range, case report)
Studies included in the
Systematic Review
E (h=27)
S !
= Studies included in the
Meta-Analysis
(n=5)

Figure 1. Flowchart of study selection.

3.2. Characteristics of the particicipants

94,103 participants were included in this review: 90,317 COVID-19 patients and 3,786
control. The mean age is 53,8 (10,4) years old and the level of education 12,6 (2,7) years.
There are a bit more females than males (52% of the COVID-19 patients were females, 54%
in the control group). Most of the studies were performed during the first wave of the
pandemic. Characteristic of the included studies and the patients are presented in Table
1.
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Table 1. Main characteristics of the included studies and socio-demographic characteristics of the patients. For age results are presented as Mean (SD) or median [p25-p75] according

of the distribution.

Patients Control
Study Country Recruitment period Evaluation period N . N .
A, E A E
[% female] ge ducation [% female] ge ducation
ths of follow-
Woo et al., 2020 [18] Germany July 2020 3 mon i; MW 18 [55%] 42,2 (14,3) >12 10 [40%] 38,4 (14,4) >12
Zhou et al., 2020 [19] China Uns. Uns. 29[38%]  47,0(105)  12,6(28)  29[59%] = 425(69)  12,4(3,1)
Follow-up: one
Alemanno et al., 2021 [20] Italy March to June 2020 month after home- 87 [29%] 67,2 (12,9) Uns. / / /
discharge
Amalakanti et al., 2021 [21] India June and July 2020 Uns. 93 [52%] 36,2 (11,7) Uns. 102 [55%] 35,6 (9,8) Uns.
April 2020 to May o 103 less than
Becker et al., 2021 [22] USA 2021 Uns. 740 [63%] 49,0 (14,2) 12 years / / /
t t - Follow-up: to7 18-
Davis et al.,, 2021 [23] 56 different countries September to No orow-up: up to 3,762 [79%] 8-80 years Uns. / / /
vember 2020 months old
Follow-up: up t
Del Brutto et al., 2021 [24] Ecuador March to May 2020 © OYnsfth‘;p °6  s0e3%] 627 (119) Uns. 28[63%] 62,7 (11,9) Uns.
202.3+57.5 days after
Dressing et al., 2021 [25] Germany June 202200;01 January g ot positive 31[64%] 54,0 (2,1) Uns. / / /
COVID-19-PCR
. UK (75.910) and  January 2020 to De-
H h t al., 2021 [2 . 1,337 [55% 46,7 (15,7 *
ampshire et al., 2021 [26] other (5427) cember 2020 Uns 81,337 [55%] 6,7 (15,7) / / /
Hosp et al., 2021 [27] Germany April to May 2020 Uns. 29 [38%] 65,2 (14,4) 13,2 (3,0) / / /
January 2020 to o o
Lamontagne et al., 2021 [28] USA & Canada March 2021 Uns. 50 [29%] 30,8 (9,9) 16,1 (2,9) 50 [35%] 29,1 (9,9) 15,5 (2,9)
Mattioli et al., 2021 [29] Italy February 2020  Follow-up: 4 months 120 [75%] 47,8 [26-65] 16 [8-18] 30 [73%] 457 [23-62]  18[8-18]
1 fter hospital
Méndez et al., 2021 [30] Spain March to April 2020 yea;fscﬁzrg‘fp‘ T 171(42%]  58,0(50-68] 11 [8-16] / / /
3-4 months and 12
Miskowiak et al., 2021 [31] Denmark March to June 2020  months after dis- 29 [41%] 56,2 (10,6) 14,3 (3,9) 100 [59%] 56,0 (6,9) 14,3 (3,0)

charge

* 94 (no schooling), 1553 (primary school), 28.827 (secondary school), 47.486 (university degree), 3294 (PhD), 83 (Unknow)

1
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Norrefalk et al., 2021 [32]

Patel et al., 2021 [33]

Poletti et al., 2021 [34]
Rousseau et al., 2021 [35]
Solaro et al., 2021 [36]

Van den Borst et al., 2021
[37]

Vyas et al., 2021 [38]
Zhou et al., 2021 [39]
Aiello et al., 2022 [40]

Bonizzato et al., 2022 [41]

Del Brutto et al., 2022 [42]
Liu et al., 2022 [43]

Tabacof et al., 2022 [44]

Sweden

USA

Italy
Belgium

Italy

Netherlands

India
China
Italy

Italy

Ecuador

China

USA

Uns. Follow-up: 6 months

March to August
2020
May 2020 to Febru- Follow-up: 1-3 and 6
ary 2021 months
March to July 2020 Follow-up: 3 months
November 2020 to
March 2021

Uns.

Uns.

April to July 2020 Follow-up: 3 months

April to August 2020 Uns.
Uns. Uns.

May 2020 to May
2021 Uns.

Follow-up: at dis-

Uns. charge and after 3
months
May to June 2020 Uns.
February to April
2020 Uns.
March 2020 to March Uns
2021 )

100 [82%]

77 [36%]

312 [62%]
32 [28%]
32 [41%]

124 [40%]

300 [48%]
1,091 [47%]
45 [89%]
12 [42%)]

50 [63%]
1,438 [52%]

156 [69%]

44,5 (10,6)

61,0 (16,6)

52,6 (8,8)
62 [49-68]
53,7 (4,8)

59,0 (14,0)
15 -70 years

old
57,1 9,2)

63,3 (11,4)
71,3 (10,1)

62,7 (11,9)
69 [66-74]

44 [13-79]

<9 years (1),
10-12 years
(31),>12
years (61),
other (7)

Uns.

Uns.
Uns.
Uns.

Low (30),
Middle (34),
High (60)

Uns.
Uns.
11,0 (3,9)

7,2 (3,3)

Uns.
12 [9-12]

Uns.

/

165 [44%]
/
/

/

/
2,793 [52%]
/

28 [63%]
438 [49%]

/

50,5 (9,2)
/
/

/
57,7 (8,6)
/

62,6 (11,8)
67 [66-74]

/

Uns.

Uns.
12 [9-12]

/

Uns. = Unspecified
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3.3. Systematic review

5
First, concerning the quality of the papers, most of them (1 =20, 74%) were ranked as 6
of good quality according to the AHQR standards using the NOS. The 7 other studies 7
(26%) were ranked as of fair quality. 8
The main results of the included individual studies are presented in Table 2. 9
First, concerning the methodology we can see that the most frequent test to assess the 10
cognitive function of the COVID-19 patients is the Montreal Cognitive Assessment 11
(MoCA). MoCA was used in 10 out of the 27 studies (37%) [20,21,24,27,33,35,36,40-42], 12
followed by the Mini-Mental State Examination (MMSE) in 4 studies (15%) [20,29,40,41] 13
and the Trail Making Test (TMT) also in 4 studies [19,22,25,31]. Most of the other tests and 14
scales were only used in 1 or 2 individual studies. 15
Given the nature of this pandemic, it was needed to perform evaluation in another 16
way than in person during clinical testing. The MoCA was the most used test and has 17
been found to be reliable to detect mild cognitive deficits and is available and validated 18
in nearly 100 languages [45]. This test was efficient to highlight differences between con- 19
trol and COVID-19 patients in different studies and, contrary to MMSE, MoCA seems to 20
be able to bring out sub-clinical defects and more clearly discriminate differences between 21
ability levels [40]. 22
All the studies reported deficits of cognitive functions after COVID-19. However, the 23
magnitude of the effects varied quite strongly in the different studies. Several factors 24
could explain these differences. 25
The first one is the age of the patients. In two different studies, the authors showed 26
that the cognitive deficits were correlated with the age of the patients: older patients tend- 27
ing to have more severe deficits compared to younger ones [20,24]. However, other au- 28
thors found that even younger patients are also experiencing mild cognitive deficits after 29
COVID-19 recovery, regardless that they were affected by mild or moderate symptoms 30
[18]. These results are confirmed by other studies indicating that there were also a signif- 31
icant rate of cognitive impairment in young adults [18,28,36]. Davis et al., 2021 points out 32
that cognitive dysfunctions affected 88% of their participants, independently of their age 33
[23]. 34
A second important point that could modify the impact of COVID-19 on cognitive 35
functions is the initial cognitive status of the participants (i.e., influence of previous cog- 36
nitive deficits). A study evaluate patients with cognitive deficits prior to the disease, au- 37
thors showed that that there was no significant differences between patients and controls 38
[40]. Another study identified cognitive disorders like Alzheimer’s disease and dementia 39
as risk factors for hospital admission after development of the COVID-19 disease, but not 40
a more important decrease of cognitive functions [39]. Poletti et al., 2021 evaluated the 41
cognitive performances in COVID-19 patients already suffering from major depression 42
[34]. In the two COVID-19 recovery groups, patients suffering from depression had lower 43
scores in cognitive functions compared to healthy controls. 44
Finally, an important question is to determine whether or not the severity of the in- 45
fection (COVID-19) has an influence on the cognitive impairment. In the study of Vanden 46
Borst et al., 2020, 124 patients with different stages of COVID-19 (mild, moderate, severe 47
and critical) were included [37]. They observed that patients with mild symptoms were 48
more likely to suffer from fatigue than the more severe stages. But for the cognitive defi- 49
cits, the severity of the disease was not correlated. Another study showed that there was 50
an association between cognitive sequelae and the severity of lung affection and restricted 51
cerebral oxygen delivery [31]. Mendez et al., 2021 showed that hospitalized COVID-19 52
patients had considerable rate of neurocognitive impairment: 58.7% of the patients with 53
moderate or severe COVID-19 pathology presented a moderate neurocognitive deficitand 54
18.4% presented a severed one [30]. Hamshire et al., 2021 showed that there is a significant 55
decrease of cognitive performance in patients, depending on their level of medical assis- 56
tance following their SARS-CoV-2 infection [26]. However, in most of the other studies, 57
the stage of COVID-19 infection was not correlated with appearance of cognitive deficits 58
and their severity [18,32]. Interestingly in another study, authors showed that the patients 59
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do not present neurological deficits or cognitive impairments, but seems to present severe 60
emotional disorders compared to the control group, which could latter explain different 61
level of motivation and thus, of cognitive functions [29]. 62
A positive point is that, despite important differences in study duration and follow- 63

up, it seems that 6 months after COVID-19 recovery, an improvement in cognitive func- 64
tions were observed [24,33,41], although differences persist with initial value. 65
To further investigate the impact of COVID-19 on cognitive functions some authors 66
performed complementary analysis using neurophysiological measurements. Some au- 67
thors tested patients for neurophysiological disorders with 18-FDG-PET [25,27], CSF anal- 68
ysis [27], MRI [23,24,27], EEG [24], blood biomarkers [19,39], or complete neurological ex- 69
amination including cranial nerve exam, strength , reflexes , sensory and coordination 70
functions, when patients showed cognitive deficits after completion of the evaluation tests 71
[29]. COVID-19 patients showed cortical hypometabolism (highlighted by 18-FDG-PET 72
scan) [27]. On the other hand CSF analysis did not reveal any abnormalities neither reveal 73
the presence of SARS-CoV-2 after RT-PCR [27]. Interestingly, it seems that there is no vis- 74
ible manifestation of the COVID-19 visible in MRI [23,42]. However in another study, 4 75
participants (out of 27) presented micro embolic subacute infarcts but did not present any 76
other structural changes [27]. Another study reported EEG abnormalities but only in2 out 77
of 50 individuals [24]. In some cases, postmortem analysis have been performed: pro- 78
nounced microgliosis, with microglial nodules, astrogliosis were found in patients who 79
died after COVID-19 infection [27,46]. These examples are rather anecdotic and in the vast 80
majority of the cases there are no visible modifications in the brain. 81
82
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Table 2. Description of the tests used to assess the cognitive function and main results of the included studies. 83
Study Assessment methods Main results Quality*
Woo et al,, 2020 [18] Modified Telephone Interview for Sustained sub-clinical cognitive impairments n?ight be a common complication Fair
Cognitive Status (TICS-M) after recovery from COVID-19 in young adults.
T'rall Making Test (TMT), Sign Coding T,e?t (5CT), Con- The study indicated a potential cognitive dysfunction in patients with COVID-19. .
Zhou et al.,, 2020 [19]  tinuous Performance Test (CPT), and Digital Span Test . o . . L. Fair
(DST) Sustained attention is linked with the inflammatory level as indicated by CRP.
80% (out of 87 patients) showed neuropsychological impairments and 40%
showed mild-to-moderate depression. They partly recovered at one-month fol-
Alemanno et al., 2021 MoCA and MMSE lov.v-up and. 4.3% had pos.t-traumatic strejs.s disorder signs. Thos.e .with s.evere.func- Good
[20] tional deficits showed important cognitive and emotional deficits which might
have been influenced by the choice of ventilatory therapy, but seems to be age-re-
lated.
Amalakanti et al., 2021 Even otk'1erw1se asymptomatlc'COVID—19, patl'ents have cognitive }mpeflrments,
21] MoCA suggesting the need for a detailed psychometric assessment especially in the el- Good
derly population.

Number Span forward (attention) and backward (work-
ing memory), TMT-A and B (processing speed and exec- Relatively high frequency of cognitive impairment several months after COVID-
Becker et al., 2021 [22] utive functioning, respectively), phonemic and category 19 recovery. Deficits in executive functioning, processing speed, category fluency, Good
fluency (language), and the Hopkins Verbal Learning ~ memory encoding, and recall were predominant among hospitalized patients.
Test-revised (memory encoding, recall and recognition)
88.0% of the participants experienced cognitive dysfunction and/or memory loss.
By 7 months, lots of respondents have not yet recovered and have not returned to Good
previous levels of work, and still experience significant symptom burden.

2 surveys with plateform Qualtrics (257 questions) +

Davis etal,, 2021 [23] MRI if memory and/or cognitive dysfunction symptoms

Del Brutt[c;:]t al., 2021 MoCA Cognitive decline was highlighted in patients with mild COVID-19 infection Good
Neuropsychological and psychiatric evaluations and

Cerebral 18F-FDG PET imaging on 14 /31 patients, Hop-
kins Verbal Learning Test-Revised, Brief Visuospatial Minor deficits in cognitive testing six months after infection, suggesting that neu-
Memory Test-Revised (BVMT-R), DST, TMT-A and B, ronal causes could possibly be related to high prevalence of tiredness.

Color-Word Interference Test (FWIT), Symbol-Digit Mo-

dalities Test (SDMT), semantic and letter fluency test

Dressing et al., 2021 [25] Good

Recovered COVID-19 patients exhibited significant cognitive deficits vs controls.
Great British intelligence Test Impairments were higher for people who had been hospitalised, but also for non- Good
hospitalised cases who had biological confirmation of COVID-19 infection.

Hampshire et al., 2021
[26]
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German version of the MoCA and MRI, FDG-PET-

Hosp etal., 2021 27] SCAN, CSF analysis

Self-reported measures of stress, depression, and anhe-
donia, as well as the Attention Network Test and cogni-
tive abilities (Attentional Control Scale)

Lamontagne et al., 2021
[28]

Controlled Oral Word Association by categories, Califor-
nia Verbal Learning Test, TEA attention test, visual reac-
Mattioli et al., 2021 [29] tion times, auditory reaction times, number of errors and
of omissions for attention Tower of London test and
MMSE.

Méndez et al., 2021 [30] Phone questionnaire

Cognitive failures Questionnaires and performance-

MISkOWREl; St al, 2021 based cognition test battery (Screen for Cognitive Im-
pairment in Psychiatry Danish version and TMT-B)
Norrefalk et al., 2021
orreta [33] 2 Questionnaire (Functional Compass COVID-19)

Patel et al., 2021 [33] MoCA

Poletti et al., 2021 [34] Neuropsychological and psychiatric evaluations

Rousseau et al., 2021 [35] MoCA

Solaro et al., 2021 [36] MoCA

MoCA performance was impaired in 18/26 patients. 18FDG PET revealed patho-
logical results in 10/15 patients with predominant frontoparietal hypometabo-
lism.

Selective impairment in attention was observed in the COVID-19 group, marked
by deficits in executive functioning while alerting and orienting abilities re-
mained intact. Effects were most pronounced among individuals diagnosed 1-4
months prior to assessment. The COVID-19 recovered group scored significantly
higher on perceived stress.

No neurological deficits or cognitive impairment in mild-moderate COVID-19
patients four months after the diagnosis, but severe emotional disorders were
confirmed.

Declined cognitive function, psychiatric morbidity and low QoL are observable in
moderate to severe COVID-19 survivors, 1 year after hospital discharge.
59-65% of the 29 patients experience cognitive impairments 3-4 months after hos-
pitalisation. More than 80% of patients reported severe daily cognitive difficul-
ties. Poorer pulmonary function and more respiratory symptoms after recovery
were associated with more cognitive impairments, suggesting a potential link
with brain hypoxia.

Persistent fatigue seems to be the most annoying symptom of post-COVID syn-
drome in mild infected participants who developed pronounced impairments in
functioning and disability.

Cognitive improvement over time may reflect natural recovery and/or rehabilita-

tion intervention effects

Cognitive impairment in at least one cognitive function were observed in 1,3 and
6 month follow-up patients with no significant difference in cognitive perfor-
mances between 1,3 and 6 months. COVID-19 patients performed the same as
healthy control in working memory and verbal memory. Depressive psycho-

pathology was the most predominant factor which, in turn, interact with cogni-

tive functions in determining quality of life. Sequelae include signs of cognitive

impairment, persist up to 6 months after hospital discharge and affect quality of
life.

The burden of severe COVID-19 and prolonged ICU stay was considerable after 3

months, affecting both functional status and biological parameters.

A significant cognitive impairment was observed in young sub-acute COVID-19

subjects at time of hospital discharge.
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Van den Borstetal,,  Questionnaires on mental, cognitive, health status, and Severe problems in several health domains were observed in a substantial num-

d
2021 [37] QoL ber of COVID-19 patients. Goo
. . . . . Brain fog was frequent in COVID-19 survivors and significantly higher with
Brain f t t th lidated
Vyas et al., 2021 [38] rain fog symptoms questionnaire (with a validate COVID-19 severity and in patients who received oxygen or who were placed un- Good

measure) .
der ventilator

Pre-existing Alzheimer’s disease and dementia was identified as top risk factors

Association analysis across 974 phenotypes and 30 blood for hospital admission due to COVID-19, highlighting the necessity of providing Good

Zhou et al., 2021 [39]

biomarkers . . . o . . .
adequate protective care for patients with cognitive disorders this infection.
Aiello et al,, 2022 [40] MoCA and MMSE MMSE and Mo.CA are able detect sequelae. deficits in 'C(')VID-1’9.-recovered indi- Good
viduals who were or not at risk for cognitive deficits
Bonizzato et al,, 2022 Slgm.ﬁca'nt amelioration was found in neuropsychiatry mv?ntory scores, a quali- .
[41] MoCA and MMSE tative improvement has been detected at all tests, after discharge and after 3 Fair
months.
Del Brutto et al., 2022 o . . .
¢ b [Cjé] a MoCA Long COVID-related cognitive decline may spontaneously improve over time. Good
Phone questionnaire (Telephone Interview of Cognitive . . . . L. o .
VID-1 1 ted with k of 1 dinal -
Livetal, 2022 [43]  Status-40 (TICS-40) and Informant Questionnaire on 0 v 1010 Survival was associated with an increase in risk of longitudinal cogni Good

Cognitive Decline in the Elderly (IQCODE)) tive decline

Persistent symptoms associated with post-acute COVID-19 syndrome seem to im-
Tabacof et al., 2022 [44] RedCap Survey (Neuro-Qol, EQ-5D-5L) pact physical and cognitive function, health-related quality of life, and participa- Fair
tion in society.
BVMT-R: Brief Visuospatial Memory Test-Revised. CPT: Continuous Performance Test. DST: Digital Span Test. FWIT: Color-Word Interference Test/ 84
IQCODE: Informant Questionnaire on Cognitive Decline in the Elderly. MMSE: Mini-Mental State Examiniation, MoCA: Montreal Cognitive 85
Assessment. QoL: Quality of Life. SDMT: Symbol-Digit Modalities Test. SCT: Sign Coding Test. TICS-40: Telephone Interview of Cognitive Status- 86
40. TMT: Trail Making Test.. 87
* Quality of the study was done with the NOS, the scores was then transformed to AHQR standards. 88
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3.4. Meta-analysis 89

Out of the 27 studies included in the systematic review, 5 (959 participants, 513 pa- 90
tients) were included in the meta-analysis to quantify the impact of COVID-19 on cogni- 91
tive (sub)functions [19,21,28,31,34]. First, we assessed the overall effect of COVID-19 on 92
cognitive functions. Out of the five included study on average long COVID-19 patients 93
have a decrease of -0.41 [95% CI -0.55 ; -0.27] (using fixed effect model due to low hetero- 94
geneity (Tauz= 0.0047, p = 0.32). Next we analysed the differences at the sub cognitive 95
functions levels. Statistically significant differences were found between the different cog- 96
nitive functions (p <.001), but the results of this analysis should be interpreted carefully 97
due to the limited amount of studies available for the different cognitive functions. The 98

forest plot is presented in Figure 2. 99
Standardised Mean

Subgroup Ditference SMD 95%=CI
Altention

Poletti et al., 2021 . -0.49 [-0.68; -0.30]
Zhou et al., 2020 — -0.20 [-0.72; 0.31]
Amalakanti et al,, 2021 —— -0.80 [-1.0%; -0.51]
Random effects model —————— =0.54 [=1.20; 0.11]
= 59% [ D%; 88%], 5 = 4.86 (p = 0.04) !

Executive Functions

Miskowiak al al., 2021 —— —-0.49 [-0.81; -0.07]
Poletti et al., 2021 . -0.52 [-0.71; -0.33
Zhou et al., 2020 —r -0.10 [-0.61; 0.42)
Amalakanti et al., 2021 : -0.04 [-0.32; 0.25]
Random effects model ————— =0.31 [-0.72; 0.11]
P = B7% [ 5%; 89%], ) = 0.22 (p = 0.03)

Fluency

Miskowiak et al., 2021 —— -0.71 [-1.13; -0.28]
Polett ot al., 2021 8 —0.44 [-0.63: —0.25)
Amalakanti et al., 2021 1 0.00 [-0.28; 0.28]
Random effects model : =0.36 [-1.22; 0.50]
I = 795 [3356; 93%], 3 = 9.49 (p < 0.01)

Processing Speed

Miskowiak al al., 2021 = 059 [-1.01; -0.17]
Zhou el al., 2020 —a -0.52 [-1.04; 0.01]
Random effects model e — =0.56 [=1.04; =0.09]
P =0%, o = 0.05 [p =0.82)

Verbal Memory

Miskowiak et al., 2021 —— | -0.88 [-1.41; -0.55]
Random effects model — -0.98 [-1.41; -0.55]
not applicable

Visuospatial Ability

Lamontagne at al., 2021 —— -0.15 [-0.54; 0.25)
Amalakanti et al., 2021 I -0.09 [-0.38; 0.19)
Random effects model ‘ =0.11 [-0.42; 0.20]
= 0%, ¥ = 0.04 (p = 0.83)

Working Memory

Miskowiak al al., 2021 —— -0.82 [-1.24; -0.39]
Polett et al., 2021 — -0.16 [-0.35: 0.03]
Lamantagne el al., 2021 —— -0.31 [-0.71: 0.08]
Zhau et al., 2020 —- 0.05 [-0.48: 0.57]
Armalakanti et al., 2021 — -0.26 [-0.54; 0.03]
Random effects model ——— -0.29 [-0.65; 0.07]
= 5% [ 0%: 84%], %5 = 9.07 (p = 0.08)

Fixed effects (plural) model + =0.26 [-0.30; -0.22]

I = B6% [45%; T9%], x5 = 117.78 (p <0.01)
-1 -05 0 05 1
Dacreased Increased

100

Figure 2. Stratified meta-analysis according to cognitive sub-functions. Results are indicated with 101
95% confidence intervals. Negative Standardized Mean Difference (SMD) indicates a decrease of 102
cognitive functions in COVID-19 patients compared to healthy individuals. 103

4. Discussion 104
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The aim of this review was first to quantify the level of cognitive disorders in patients 105
with confirmed COVID-19 and more specifically during long-COVID. 106

4.1. Main findings 107

Analysing the results of the different studies, there is a clear evidence that people 108
infected by SARS-CoV-2 show significant cognitive disorders (mean SMD -0.41 [95% CI- 109
0.55 ; -0.27]), independently from pathology stage or from patients age. Also, there is not 110
a clear link between the severity of infection and the degree of neurocognitive deficit. Be- 111
fore discussing the effect of rehabilitation, it is interesting to discuss other potential factors 112
that could decrease the importance of the observed cognitive impairment in these pa- 113
tients. 114

The first potential aspect is the vaccination. Most of the studies recruited the partici- 115
pants during the first wave, in 2020. Since fifty percent of the worldwide population was 116
fully vaccinated (2 doses of vaccine) in beginning January 2022, the vast majority of par- 117
ticipants contracted COVID-19 before receiving any vaccination dose and it is therefore 118
difficult to assess this point. To the authors best knowledge there is currently no study 119
assessing the link between vaccination and decrease of cognitive functions. It would be 120
interesting to see new studies on long-COVID, among a fully vaccinated population. Nev- 121
ertheless, it seems that vaccinated people with breakthrough infection were partially at 122
lower risk of death and post-acute sequelae than people with a SARS-CoV-2 infection 123
without prior vaccination, but cognition was not evaluated in this study [47]. Another 124
study showed that vaccination may reduce the burden of long-COVID and this already 125
after one dose of vaccine [48]. Similar results were found in another study which con- 126
cluded that people, and especially older than 60 were more likely to be asymptomatic if 127
they were infected by SARS-CoV-2 after being fully vaccinated [49]. So, if the pathology 128
is less aggressive and the symptoms reduced in vaccinated people, we could assume that 129
the cognitive impairment in these infected people would be less important. Although 130
some groups began to explore the neurophysiology [19,28] and the neuropathology 131
[27,46] behind these cognitive impairments, the mechanism of action between SARS-CoV- 132
2 infection and cognitive disorders is far for being understood. Current evidence suggests 133
a highly multifactorial component: direct infection by SARS-CoV-2, consequence of pro- 134
longed time spend in intensive care units, persistent inflammation, brain hypoxia, venti- 135
lation mechanisms used, drugs, prior cognitive troubles, peripheral organ dysfunction. 136
The combination of these factors could lead to the so called long-COVID statement. The 137
uncontrolled inflammatory response, also named as the cytokine storm may contribute to 138
the severity of the disease. This increased level of inflammatory cytokines and chemokines 139
were previously also observed during infection with other severe coronaviruses. High 140
levels of IL-6, IL-8 and TNF-a were found in COVID-19 patients’ serum [19,50]. 141

Some suggest that the sustained inflammatory response could contribute to psychi- 142
atric sequelae, such as cognitive impairment, after COVID-19 [28]. This persistence of in- 143
flammation was already correlated with depression [51] and can lead to a disruption of 144
the blood-brain barrier (BBB), also resulting into neuronal and glial cells damages [52]. 145
BBB permeability will permit cytokines like IL-6 to enter into the brain giving rise to de- 146
pression-like behaviours [53]. The disruption of the BBB can also directly permit SARS- 147
CoV-2 to reach central nervous system, in addition to the other pathway that would be 148
the retrograde transport via the olfactory sensory neurons [54]. 149

But on the other hands, this cytokine storm is only observable in the most severe case, 150
and we have seen that these cognitive impairments affect patients who has both mild or 151
severe forms of COVID-19 [50]. Therefore, this mechanism alone could not (fully) explain 152
the neuropsychiatric deficits. 153

As other coronaviruses, SARS-CoV-2 shows a neurotropism. Virus could entry into 154
neurons and glial cells with the SPIKE protein, which binds to ACE2 receptor (angioten- 155
sin-converting enzyme 2) [55], which would result in neuronal death, and then, causing 156
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cognitive deficits [52]. As adult neurogenesis is not yet clearly demonstrated, this neu- 157
ronal loss would be irreversible and could lead to an acceleration decline of brain func- 158
tions, causing the typical symptoms observed in pathologies such as Alzheimer’s disease, 159
Parkinson, namely memory loss, learning deficits, motor problems for example. 160

4.2. Limitations of the systematic review 161

The findings of this study have to be seen in light of some limitations. First, as seen 162
in Table 2, there is a huge variety of tests and scales used to assess cognitive disorders 163
making comparison between studies difficult. It is important to note that mist of the stud- 164
ies have been using the MoCA but, although this test is convenient and easy to administer, 165
it may not be the most sensible to detect small modifications of the cognitive functions 166
[56]. Another limitation is the low number of studies included in the meta-analysis; thisis 167
mainly explaining by the fact that most of the studies are trying to compare the potential 168
effect of the severity of the disease on the cognitive symptoms rather than comparing the 169
results with healthy control. 170

Despite these limitations we found an important cognitive burden associated with 171
(long)-COVID. Most of the included studies highlighted the importance of rehabilitation 172
in long-COVID patients, but also the need of a rapid assessment of these patients (i.e, 173
associated risk factor, prior cognitive deficits, etc.) at the early phase of the disease to po- 174
tentially identified the patients the more likely to benefit from the rehabilitation 175
[20,22,32,33,41,44,57]. Therefore, in the next part of the discussion we are going to focus 176
on different potential intervention available in the rehabilitation to improve this condi- 177
tion. 178

4.3. Rehabilitation strategies 179

Different rehabilitation strategies have been proposed in order to improve function 180
and quality of life of patients suffering from COVID-19 infection both in the acute [58] and 181
the chronic phase [59]. In the acute phase, rehabilitation seemed to improve dyspnoea, 182
anxiety, and kinesiophobia. Results on pulmonary function were inconsistent, while im- 183
provements were detected in muscle strength, walking capacity, sit-to-stand performance, 184
and quality of life, no information was available for cognitive functions [58]. 185

Of course most of intervention, and therefore the current level of evidence, are focus- 186
ing on pulmonary rehabilitation [60] and physical activity [61,62]. Significant were also 187
found in quality-of-life related outcome for both short and long term. 188

Thus, a new model of care has emerged, utilizing information and communication 189
technologies to ensure the continuation of these services. Health services delivered via 190
digital means are referred to as "telehealth", "eHealth", or "mHealth" [63]; with regard to 191
physiotherapy, the term "telerehabilitation" has been widely used in the literature to de- 192
scribe rehabilitation services delivered via mHealth [64], and this is the term we will use 193
going forward in this review. Telerehabilitation can be provided through a variety of dig- 194
ital channels, including synchronous audio and/or video calls, as well as asynchronous 195
channels such as recorded videos, text messages, emails, and links to educational materi- 19
als [65]. Three randomized control trials (RCT) have been recently published on the use 197
of telehealth in the management of COVID-19 patients. 198

In the acute phase of COVID-19, it has been shown in a large RCT that delivering 199
breathing exercises via telerehabilitation was a promising, safe, and effective strategy for 200
improving physical performance, dyspnoea, and perceived effort [66]. Patients performed 201
breathing exercises at home once per day for one week, while a physiotherapist reinforced 202
the program via videoconference; patients also received a daily text message to increase 203
adherence. 204

In another study, the authors examined the effects of a 6-week unsupervised home- 205
based exercise program consisting of breathing, aerobic, and lower limb muscle strength 206
exercises delivered to COVID-19 patients via smartphone and remotely monitored by 207
heart telemetry. At week 6 (post-treatment) and week 28 (follow up), the intervention was 208
superior in terms of exercise capacity, lower limb muscle strength, and quality of life [67]. 209
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In another RCT the authors compared the efficacy of two different exercise-based 210
programs (strengthening and breathing exercises) delivered via telerehabilitation in 211
COVID-19 patients [68]. At the conclusion of the 14-day intervention, statistically signifi- 212
cant differences were observed between the two intervention groups and the control 213
group in all variables (fatigue, dyspnoea, perceived effort, and physical condition), with 214
the breathing exercises group showing the greatest improvements in dyspnoea and aero- 215
bic capacity. 216

These three-example shown that telerehabilitation proved to be an effective, safe and 217
feasible modality to facilitate recovery of these patients, but specific outcomes related to 218
cognition was never investigated in these studies. However, based on previous works and 219
evidence, mainly studies on aging population, we can assume that physical exercises and 220
an increased physical activity level will not only induce and increase of motor outcomes, 221
but will also improve cognition. It has indeed been shown that older people who are reg- 222
ularly engage in exercise are more likely to maintain their cognitive functions compared 223
to those who are physically inactive [69]: as a matter of fact, exercise has been shown to 224
be a highly effective therapeutic strategy for age-related progressive neurodegenerative 225
disorders, including dementia [70], with greater levels of physical activity seemingly pro- 226
tective against the onset of dementia in individuals who are healthy at baseline. In addi- 227
tion, physical activity yields significant improvements in cognition in individuals with 228
dementia and mild cognitive impairment [71-73]. Interestingly a recent meta-analysis of 229
randomized controlled trials, has shown that combining cognitive intervention and phys- 230
ical exercise results superior benefits over either intervention alone on global cognition, 231
memory, executive function and attention in older adults with mild cognitive impairment 232
[74]. 233

4.4. Implication for the rehabilitation 234

The COVID-19 pandemics has drastically changed our life. During the different 235
peaks of the crisis the continuity of the care cannot longer be guaranteed [75]. Therefore, 236
rehabilitation services were forced to modify and adapt the way they provide and deliver 237
services. These measures were proposed and adopted in a large number of countries; the 238
proposed changes included the following: A multidisciplinary team should administer 239
early mobilization, respiratory, outpatient, and long-term care rehabilitation interventions 240
to critically ill SARS-CoV-2 patients. Home- and community-based rehabilitation can be 241
provided through various methods, such as telerehabilitation and direct care. COVID-19 242
transmission prevention and protection measures are required for all patients receiving 243
rehabilitation care [76]. 244

The COVID-19 pandemic has accelerated the development and implementation of 245
telehealth, with the number of healthcare interventions delivered via digital devices in- 246
creasing exponentially, also due to the widespread availability of mobile technology. This 247
may open up new perspectives and opportunities in the healthcare industry, as previous 248
research has shown that telehealth is well-received by patients, leading to greater adher- 249
ence [77,78] and patient satisfaction [79,80]. So far we have seen that there is currently, to 250
the authors best knowledge, no study that have been specifically focusing on the rehabil- 251
itation of cognitive fatigue and disorders in COVID-19 patients. However there is cur- 252
rently a growing body of evidence supporting the use of mHealth and brain training 253
games or apps to train and challenge the brain in different. Recent systematic reviews and 254
meta-analysis reported cognitive improvement after intervention using cognitive mobile 255
games in various conditions such as healthy aging [81], mild cognitive impairment [82], 256
stroke [83], Parkinson’s disease [84], and multiple sclerosis [85]. 257

Technology and social media-based interventions appear to be a promising tech- 258
nique for promoting health and wellbeing and it is the only effective method for deliver- 259
ing an intervention during a pandemic situation [86]. However, there also appears that 260
there is a need in the development of guidelines for social media usage to prevent proba- 261
ble hazards and fake news. 262
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However, a few issues must be resolved before these solutions can be implemented 263
in daily practice. First, and likely most important, is the acceptance of mHealth applica- 264
tions as rehabilitation interventions. Not only has the COVID19 pandemic disrupted 265
healthcare systems, but it has also accelerated the development, implementation, and 266
recognition of mHealth in clinical settings [87]. Notably, the majority of measures taken 267
during the crisis may be temporary, and it is hoped that efforts will continue in this direc- 268
tion once the crisis has passed. For instance, it will be necessary to revise the nomenclature 269
of interventions, as mobile solutions are currently placed in the same categories as phar- 270
maceuticals, posing validation and reimbursement challenges [88]. A further limitationis 271
that the majority of analysed mHealth is currently being developed as part of research 272
projects and is therefore not readily available to patients. This brings us to the second 273
major current limitation, which is the lack of social security reimbursement. The organi- 274
zation and participation of healthcare systems in the revalidation process varies by coun- 275
try, so we will not discuss reimbursement in detail here. However, we know that the two 276
most significant barriers to the implementation of telemedicine and telehealth for patients, 277
regardless of their pathologies or specialties, are financial concerns and a lack of 278
knowledge and experience with the use of (new) technology [89,90]. Most patients are 279
familiar with smartphones, apps, and mobile technology, so familiarity with the technol- 280
ogy should not be an issue for the majority of patients [91], whereas this can be a signifi- 281
cant barrier for other diseases or patient groups (e.g., older adults with dementia) [92]. 282
Efforts must also be directed toward the education of healthcare professionals, as they 283
must be trained in the technology and know its limitations in order to encourage patients 284
to utilize it. 285

5. Conclusions 286

The COVID-19 crisis has profoundly altered the organization of our society and chal- 287
lenged the different health care systems. While revalidation services have been greatly 288
impacted during the different waves (acute management of patients), rehabilitation spe- 289
cialists are now faced with the challenge of managing the long-term complications. 290
Among these complications we have shown in this review important complaints in cog- 291
nitive functions. Even if most of these disorders diminish with time, on average 6 months 292
after the first infection, it is important to develop strategies to improve the situation. There 293
is currently not much work that has been done focusing on the rehabilitation of the cog- 294
nitive functions, but the current evidence suggest that the best option would be a combi- 295
nation of physical rehabilitation exercises combined with cognitive training. The latter can 296
be done using computerized solutions. In the future it is important to think about the best 297
way to integrate cognitive stimulations within the physical rehabilitation since cognitive 298
disorders are frequently associated with many pathologies requiring rehabilitation, not 299
only COVID-19 as we have seen in this paper, but also for example stroke, multiple scle- 300
rosis, and Parkinson's disease. 301
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