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Abstract

Background Coronavirus-19 disease (COVID-19) is caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2). Respiratory viruses damage not only the upper respiratory tract in humans, but also several differ-
ent organs such as the brain. Some of the neurological consequences of COVID-19 reported are anosmia, headache,
stroke, declined cognitive function, and impaired mental health, among others. People who had COVID-19 have a
higher risk of sequelae in the central nervous system (CNS). However, it is not known which are all possible sequelae
and how long will last the long-term effects of the COVID-19 pandemic on behavioral patterns and quality of life.

Aim We intend to address the long-term impacts of COVID-19 on mental health and the relevance of physical exer-
cise during the pandemic.

Methods We conducted a literature search using PubMed to find the articles that were related to these themes.

Results We found 23,489 papers initially, and then we applied the inclusion/exclusion criteria to narrow down our
search to 3617 articles and selected 1380 eligible articles after a thorough reading of titles and abstracts. The findings
indicated that COVID-19 impacted general mental health and led many not only hospitalized patients to develop
cognitive decline, memory impairment, anxiety, sleep alterations, and depressive-like behavior. Furthermore, the fear
of vaccines and their effects had negatively affected mental health and directly impacted mortality rates in unvacci-
nated COVID-19 patients.

Conclusions Preventive measures must be undertaken, such as the vaccination of the entire population, vaccination
hesitancy discouragement by creating awareness among individuals, and people’'s engagement in a physically active
lifestyle, since being physically active is a low-cost and effective measure to restore or inhibit the negative outcomes
from COVID-19 on mental health.
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Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a virus that promotes the corona-
virus-19 disease (COVID-19), which has killed mil-
lions of people worldwide [52]. Respiratory viruses are
pathogens that will infect mainly the upper respira-
tory tract in humans, but also damage several different
organs such as the liver, kidneys and brain [52, 88]. A
body of evidence of SARS-CoV-2 detrimental effects
on the brain is still emerging, but, based on the simi-
larities between SARS-CoV-2 and other coronaviruses
it is expected that changes in endocrine and immune
response in the periphery or in the central nervous
system (CNS) might occur contributing on this way
to inflammation, oxidative stress and impaired mental
health [73, 91].

SARS-CoV-2 can invade the brain through several dif-
ferent pathways like through infected neurons that con-
nect the periphery to the brain (i.e., motor neurons), or
it may enter through the olfactory nerve, or the virus
could even cross the blood—brain barrier [88, 91]. The
outcome varies depending on each individual, however,
some of the most common neurological consequences
of COVID-19 reported until now are anosmia, head-
ache, stroke, impaired consciousness, seizures, coma,
stroke, encephalopathy, declined cognitive function, and
impaired mental health [50, 61, 63].

Part of the acute and long-term effects on the CNS can
be explained by the inflammation caused by COVID-
19, which has been shown to play a crucial role in CNS,
especially when induced by a cytokine storm [24, 50].
This term refers to a life-threatening systemic inflam-
matory syndrome related to elevated levels of circulat-
ing cytokines and immune-cell hyperactivation that can
be triggered by various therapies, monogenic disorders,
cancers, pathogens, and autoimmune conditions [40].
As a matter of fact, individuals with underlying condi-
tions that cause an immunocompromised state are con-
sidered vulnerable to coronavirus infection. For instance,
in systemic lupus erythematosus patients, the use of
systemic glucocorticoids and immunosuppressants, are
potential susceptibility factors when considering the
risk of contracting COVID-19 and infection outcomes
[41]. Likewise, patients with myasthenia gravis, a chronic
autoimmune neuromuscular disease, often treated with
immunosuppressants, might be at higher risk of devel-
oping COVID-19, possible respiratory failure when
concomitant with the infection, and demonstrating a
severe disease course [9]. In summary, while the antiviral
immune response is important to confer protection from
coronavirus infection, an uncontrolled proinflamma-
tory cytokine response can lead to a cytokine storm that
compromises the lungs’ and other organs’ functions, and
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will ultimately cause significant morbidity and mortality,
especially in immunocompromised individuals.

Apart from the immunological features of SARS-CoV-2
on the CNS, there are the long-term mental and physical
health consequences of COVID-19, which can become a
major public health concern. Many countries were forced
to adopt restrictive measures, including social distancing
or total isolation protocols for their populations, which
were shown to be the most effective measures to inhibit
the fast dissemination of the SARS-CoV-2 [14, 55]. If,
on the one hand, these measures proved to be success-
ful in controlling viral spread, on the other hand, it had
presented a greater impact on public mental health [15,
74]. Indeed, the social isolation period during COVID-
19 outbreak deeply affected the quality of life, including
a reduction in physical activity daily routine, contributing
to the development and progression of mental disorders,
such as cognitive decline, memory impairment, depres-
sion and anxiety [15, 56, 74]. In addition, it is noteworthy
that the virus transmission is still expected to happen on
a large scale until 2024, and intermittent social distanc-
ing or total isolation may occur again impacting greatly
the lifestyle of the world population [55, 56]. Further-
more, people who had COVID-19 presented higher risk
of death and sequelae in the respiratory system and CNS
that could lead to the development of neurocognitive dis-
orders and mental health disorders 30 days after halting
the symptoms of the disease [1, 81].

In summary, prospective cohort studies associating
COVID-19 and mental health are still rising, so causal
implications between the presence of mental disorders
and COVID-19 severity or morbidity are limited. In
this context, there is an imperative need to update the
mental health status in light of new findings since there
are some gaps in the literature regarding the long-term
effects of the COVID-19 pandemic on behavior patterns
and quality of life once life returns to normal in the entire
world. Therefore, the rationale of this review addresses
the impact of the COVID-19 pandemic on general men-
tal health suggesting preventive measures that should be
undertaken to avoid long-term negative outcomes and
how having a physically active lifestyle can be beneficial
in this matter.

Methods

Search strategy

PubMed/Medline search strategy was used in this narra-
tive review. Our search strategy combined Medical Sub-
ject Headings (MeSH) terms, their relevant synonyms,
and the Boolean operators “AND” and “OR” Concept
clusters were included: (1) COVID-19, (2) mental health,
(3) depression (4) anxiety, (5) memory impairment, (6)
cognition, (7) cognitive decline, (8) lifestyle, (9) physical
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exercise, (10) exercise, (11) physical activity, (12) SARS-
CoV-2, and (13) pandemic.

The search was performed, and results were exported
in Comma-Separated Values (CSV) format to Microsoft
Excel. Subsequently, duplicates were removed using their
PubMed ID and title and then proceeded with the inclu-
sion and exclusion of the studies.

COVID-19 pandemic impacts on cognitive function
and memory

COVID-19 might lead to a decline in cognitive function
and memory impairment, the development of psychoses,
and many different symptoms related to posttraumatic
stress disorder leading to the impairment in neuronal
survival and growth, synaptic plasticity, and reduction in
the production and release of neurotransmitters [73, 91].
People who develop severe COVID-19 and survive often
complain about having problems with cognition and
memory [2]. A recent study evaluated 740 people with
an average age of 49 years old displaying a median time
between presenting symptoms and mental evaluation of
7 months [4]. This study showed that among the most
notable neurological issues patients presented memory
deficits (24%) mainly related to memory recall and mem-
ory speed.

Another recent study did a systematic review about
how COVID-19 would affect cognition and memory and
found six studies documented the prevalence of cognitive
and memory impairment, and one that quantified the
deficits after recovery [2]. The authors estimated cogni-
tive impairment ranging from 43.0 to 66.8% prevalence
in all hospitalized COVID-19 patients. These numbers
are quite high and preventive actions such as vaccinating
the population could have reduced the number of severe
cases and the risks of developing cognitive deficits and
memory impairment. It has been reported that people
who have had COVID-19 can also present a greater loss
of grey matter in the brain [38].

Douaud et al. investigated brain changes in 785 UK
Biobank participants aging 51 to 81 years old [38]. The
most important approach in this study is the fact that
the brain images were taken before and after the SARS-
CoV-2 infection. This action eliminates any biases from
pre-existing brain structure changes. The authors identi-
fied a significant reduction in grey matter thickness and
tissue contrast in the hippocampal gyrus and orbitofron-
tal cortex, which are essential areas of the brain for the
normal functioning of cognitive function and memory.
Then, the authors further suggested that the loss of grey
matter in brain regions related to cognitive function and
memory can dramatically increase the risk of inflamma-
tion, reactive gliosis, and developing dementia, such as
Alzheimer's disease [23]. It was also identified greater
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changes in markers of tissue damage in brain areas
related to olfactory cortex, and a significant reduction
in global brain size with the participants showing cog-
nitive decline between the 2 time points. These findings
together may explain the persistent problems related to
loss of smell and memory issues often seen in patients
who recovered from COVID-19. Whether this effect will
persist in the long-term and if these deleterious impacts
can be partially reversed is not known yet. Nevertheless,
the loss of grey matter in people who were infected by
COVID-19 can deeply impact cognition and lead to men-
tal disorders, such as anxiety and depression.

COVID-19 pandemic impacts on sleep, anxiety,
and depression
A recent study revealed that racial, social, and economic
differences impacted mental health in older adults dur-
ing COVID-19 pandemic [85]. The study showed that
black individuals showed significantly greater posttrau-
matic growth compared to non-Hispanic, and White par-
ticipants. Even when controlling the effects of stress and
coping strategies, race kept being significantly associated
with posttraumatic growth. Thus, COVID-19 pandemic
has disproportionately affected people who are more
vulnerable in both physical and mental health. Another
recent study linked Israeli national databases (COVID-19
testing, infection, hospitalization, mortality, and vacci-
nations with all subjects ever hospitalized for a psychi-
atric disorder) to the total population [45]. The authors
showed the need to increase testing for COVID-19 in
individuals ever hospitalized for a psychiatric disorder,
as their ratio attributed mortality and all-cause mortality
were much higher than the cases in the total population.
COVID-19 pandemic has triggered the alarm for the
individual and collective importance of mental health
and social functioning [70]. The most commonly known
mental disorders are anxiety and depression, which pre-
sent a variety of prevalence rates [32, 86]. The devel-
opment and progression of an anxious profile and a
depressive-like behavior might induce a negative effect
on several dimensions of quality of life [21, 83]. One of
the first studies to evaluate the impacts of COVID-19
on these mental disorders was done in China on Febru-
ary 20th-2020, where the authors surveyed 369 adults in
64 cities revealing that 27% of the participants worked
at the office, 38% resorted to working from home, and
25% stopped working due to the outbreak [90]. It was
reported in those who stopped working during the pan-
demic presented a decline on mental and physical health
conditions as well as distress. In addition, a longitudinal
study focusing on older adults’ mental health during the
COVID-19 pandemic in Argentina showed that the men-
tal health trajectory had a complex and heterogeneous
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dynamic. Indeed, it was shown that individuals that were
younger, females, presented pre-existing psychiatric diag-
noses, or had lower resilience were more likely to experi-
ence fluctuations in psychological distress [42].

It is noteworthy that sex and gender are important
modifiers of mental health in normal times and during
crises [26, 27, 29, 32, 33]. After the onset of the COVID-
19 pandemic, health risks and outcomes disproportion-
ately affected women, making them a vulnerable group
due to multiple stresses and mental health symptoms
[79]. This can be explained by the fact that gender roles
tend to be reinforced during times of disease outbreak,
which likely leads to feelings of stress, dissatisfaction, and
lack of autonomy.

As social isolation was an effective measure against
the virus adopted in many countries worldwide, it is
expected that millions of people had substantial impact
on their physical and mental health conditions. A system-
atic review and meta-analysis evaluated the prevalence
of stress, anxiety and depression in the general popula-
tion during the COVID-19 pandemic and showed that
there was a prevalence of developing an anxious profile in
31.9% of the studies, while the prevalence of depression
was 33.7% of the total number of studies [74]. During
COVID-19 pandemic the adoption of a sedentary behav-
ior was also often seen due to quarantine and social isola-
tion and these factors combined leaded many people to
gain weight or even to develop obesity, which is intrinsi-
cally associated with memory impairment in humans and
in different animal models of obesity [7, 33].

Sleep and the circadian system exert a strong regu-
latory influence on immune functions. Indeed, it has
become increasingly clear that sleep and the immune
system are bidirectionally linked, as immune system acti-
vation alters sleep, and sleep, in turn, affects the innate
and adaptive immune system [6]. Sleep deprivation may
lead to a chronic inflammatory state, an increased risk
for infectious/inflammatory pathologies, such as auto-
immune and neurodegenerative diseases, and a negative
impact on mental health, favoring anxiety and depression
conditions [16, 43]. Many people have experienced sleep-
ing difficulties, and the crosslink between impaired sleep
efficiency and disrupted innate immunity makes people
susceptible to viral infections [65]. A recent meta-analy-
sis suggested that 45% of COVID-19 patients experience
depression, 47% of patients experience anxiety, and 34%
of patients experience sleep disturbances, considering a
majority of Chinese patients [34].

It is well known that being physically active can inhibit
the development or progression of an anxious and
depressive-like behavior [19]. Therefore, the adoption of
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a healthy lifestyle, mainly through the regular practice of
physical exercise, has been extensively recommended as
an effective and low-cost non-pharmacological approach
to minimize the consequences of social distancing/isola-
tion during COVID-19 pandemic [17]. Nevertheless, due
to the long-term consequences of COVID-19 on general
mental health the adoption of a physically active routine
is a must and a preventive measure that can save millions
to public safes.

COVID-19 pandemic and the importance
of engaging in a physical exercise routine
Physical exercise can be divided mainly into 2 different
types: aerobic exercise and resistance exercise [25, 75].
Aerobic exercise consumes higher levels of oxygen and,
predominantly, recruits red skeletal muscle fibers [44,
71], while resistance exercise recruits more white fibers
and is mainly focused on developing strength [28, 31, 76].
It is well established that engaging in a physical exercise
routine will reduce the risk of developing cardiovascu-
lar diseases, diabetes, obesity, and several other chronic
diseases [35, 59, 69]. Engaging in a physically active life-
style will also induce beneficial effects on the brain, such
as a greater blood flow to the hippocampus e prefrontal
cortex, and will provide enhancement in the number of
synapses, consequently, favoring neurogenesis, and these
physiological changes will lead to improvement in cogni-
tive function, memory and mental health [12, 28, 87].
COVID-19 pandemic-associated quarantine has taken
the population to develop or enhance a sedentary lifestyle
[58]. Results from a multicenter observational study esti-
mated the impact of COVID-19 restrictions on migraine
severity during 2020 March—May lockdown in Italy
showing that 28% of patients reported a headache wors-
ening, 33% an improvement, and 39% a stable headache
frequency alongside a significant decrease of the physi-
cal activity levels [36]. Also, the COVID-19 pandemic
had the potential to severely affect patients with neuro-
muscular disorders (NMD) as infection commonly trig-
gers exacerbation or progression of NMD [47]. Therefore,
increased rates of disease worsening can be expected
during the COVID-19 pandemic although data regard-
ing this topic are still lacking. Nonetheless, the pandemic
may be related to mental health challenges for people
living with multiple sclerosis due to social interaction
restrictions, interrupted routines, and reduced options
for safe physical exercise [18]. Likewise, a study from
India regarding patients with myasthenia gravis showed
that COVID-19 and lockdown have been associated with
poor quality of life, impaired activity of daily living, and
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poor sleep quality [53]. Altogether, these results gave
a glimpse of how the restrictions taken during the pan-
demic have affected the practice of physical activity lev-
els, sleep quality, and mental health.

There is a growing body of evidence indicating that aer-
obic and resistance training has positive effects on physi-
ological and mental health in humans [11, 20, 29] and
in several different animal models [31, 54]. It has been
recently reported that engaging in regular physical activity
can postpone the onset of a first-ever stroke and improves
long-term outcomes in the elderly [64], what is extremely
important once COVID-19 had a greater impact on this
population. Changing lifestyle habits through engaging
in a physically active routine is an excellent and effective
therapy against the impacts of COVID-19 on physical and
mental health and in many other diseases, such as car-
diovascular and neurodegenerative diseases [10, 13, 27,
49]. Therefore, it is urgent the development of strategies
to engage the population in a physically active routine to
halt the impacts of COVID-19 social measures on mental
health.

Vaccination hesitancy and mental health

during the COVID-19 pandemic

Vaccination is a game changer to limit the pandemic spread
of SARS-CoV-2/COVID-19, apart from being the most
cost-effective public health strategy. However, vaccines can
only be successful if the overall population show acceptance
to get vaccinated, which is not entirely seen when concern-
ing proportions of populations worldwide show vaccine
hesitancy. The fear of vaccines and their effects have nega-
tively affected mental health, which directly impacts mor-
tality rates in unvaccinated COVID-19 patients.

Some factors may explain the occurrences of vaccine
hesitancy, such as premature approval without long-term
safety data, potential adverse effects, and confidence about
the vaccine’s efficacy before administration [68]. To make
things worse, the spread of misinformation regarding the
side effects and the conspiratorial theories related to the
newer generation vaccines led the general public to become
either skeptical or confused and anxious about whether
to get vaccinated or not. It is worth mentioning that the
unvaccinated people around the world might present a
greater risk for the emergence of new variants of concern,
such as Omicron, and vaccination hesitancy may provide a
solid ground for this scenario.

In summary, to tackle COVID-19 pandemic negative
effects and improve population mental health it should
be given emphasis to reduce vaccination fear by creating
awareness among the people and promote a positive social
attitude.
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COVID-19 pandemic effects on mental health

and the molecular mechanisms linked to exercise
and mental health

When talking about the adherence to physical exercise
and its impact on mental health during the pandemic is
important to evaluate and compare individuals who are
meant to be healthy with the ones who already have any
chronic disease. A recent systematic review and meta-
analysis evaluated the differential impacts of COVID-19
pandemic on physical activity involvement and exercise
habits in people with and without chronic diseases [66].
The authors reported that objective and self-reported
assessments conducted during the pandemic revealed a
significant reduction in the levels of physical activity in
both people with or without chronic diseases. Further-
more, the analysis revealed low levels of engagement in a
physically active routine to be linked to countries where
lockdowns were made, what is expected as social isola-
tion will influence daily routine.

Anxiety and depression promote epigenetic changes
[57, 78] and modifications in several molecular signal-
ing pathways [37, 62]. One of the main hallmarks asso-
ciated with the development of depressive symptoms
is endothelial dysfunction [82]. Decreased levels of the
myokine irisin are associated not only changes in adipose
tissue [8, 22], but also in endothelial dysfunction and the
development of a depressive-like behavior [80]. Adequate
immune system response is also dependent on the regu-
lar practice of physical exercise. It is known that physi-
cal exercise can increase irisin expression [5, 51] and
improve endothelial function [10] inducing neuronal sur-
vival to contribute to a better mental health [26].

One of the major altered pathways in mood disorders
is the phosphatidylinositol 3 kinase (PI3K)/protein kinase
B (AKT) pathway [72]. The development of an anxious
profile or a depressive-like behavior can induce the inhi-
bition of PI3K expression with a consequent decrease in
the PI3K/AKT pathway, which is associated with a reduc-
tion in cell proliferation and survival and, conversely will
lead to increased expression of glycogen synthase kinase
3 beta (GSK3p), a marker of neuronal death. Engaging
aerobic exercise routine promotes increased expres-
sion of PI3K and activation of the PI3K/AKT signaling
pathway, increasing cell proliferation and survival and
decreasing neuronal death [84].

Another well-known mechanism that occurs in
mood disorders and cognitive decline is the reduc-
tion of brain-derived neurotrophic factor (BDNF)
levels, inducing neuronal plasticity dysfunction [60]
and decreased neurogenesis [89]. However, perform-
ing physical exercise on a regular basis will generate
an increase in the B-hydroxybutyrate metabolite that
inhibits class I histone deacetylases (HDACs) that will
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activate BDNF promoters [39], leading to increased
neurogenesis, improving cognitive function and allevi-
ating anxiety and depression symptomatology (Fig. 1).

It is known that engaging in physical activity will not
only avoid developing cognitive decline and memory
impairment [3], but also will fight the development
and progression of obesity [48], type 2 diabetes [67],
and many other related diseases. Finally, investigating
molecular alterations through physical exercise inter-
ventions can also provide an interesting and cheap
approach to evaluating changes in health biomarkers
(30, 46].

Limitations

This narrative review lacks assessment of publication
bias with concomitant detailed intervention and main
outcomes of each study used throughout this text,
which can be viewed as its main limitations. It is also
missing a more detailed study methodology using a
higher number of databases, presenting inclusion and

Physical exercise

X ﬁ
IPI3K| [BDNF| [IRISIN]|

|

Neurogenesis

1

Anxiety
Depression

Cognitive decline

Fig. 1 Physical exercise improves general mental health through
activating different signaling pathways. Engaging in a physically
active routine will induce the activation of PI3K pathway, enhance
BDNF and irisin levels, favoring neurogenesis and inhibiting the
development of an anxious profile, a depressive-like behavior and
cognitive decline
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exclusion criteria and a more detailed study selection
approach.

Conclusions

Social distance and total isolation due to COVID-19
pandemic impacted negatively on mental health. Many
patients developed an anxious profile, and a depressive-
like behavior. People who got the virus and developed
more severe symptoms of COVID-19 and survived often
have memory issues that impact cognitive function and
daily activities. These are long-term predicted changes in
general mental health due to COVID-19 pandemic and
preventive measures must be undertaken, such as the
vaccination of the entire population and stimulating peo-
ple to engage in a physically active lifestyle. Being physi-
cally active is a low-cost and effective measure to restore
or inhibit the negative outcomes of COVID-19.
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