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Abstract

Background The coronavirus disease 2019 (COVID-19) pandemic has affected the mental health, sleep and quality of
life, especially in individuals with chronic disease. Therefore, the purpose of this systematic review and meta-analysis
was to investigate the impact of the COVID-19 pandemic on neuropsychiatric disorders (depression, anxiety, stress),
sleep disorders (sleep quality, insomnia) and quality of life in individuals with Parkinson’s disease (PD), Multiple Sclero-
sis (MS) and Alzheimer's disease (AD) compared to healthy controls.

Methods Seven databases (Medline, Embase, ScienceDirect, Web of Science, The Cochrane Library, Scielo and Lilacs)
were searched between March 2020 and December 2022. Observational studies (i.e., cross-sectional, case—control,
cohort) were included. GRADE approach was used to assess the quality of evidence and strength of the recommen-
dation. Effect size was calculated using standardized mean differences (SMD; random effects model). A customized
Downs and Black checklist was used to assess the risk of bias.

Results Eighteen studies (PD=7, MS=11) were included. A total of 627 individuals with PD (healthy controls =857)
and 3923 individuals with MS (healthy controls = 2432) were analyzed. Twelve studies (PD =4, MS=8) were

included in the meta-analysis. Individuals with PD had significantly elevated levels of depression (very low evidence,
SMD =040, p=0.04) and stress (very low evidence, SMD =0.60, p <0.0001). There was no difference in anxiety
(p=0.08). Individuals with MS had significantly higher levels of depression (very low evidence, SMD =0.73, p=0.007)
and stress (low evidence, SMD =0.69, p =0.03) and low quality of life (very low evidence, SMD=0.77, p=0.006). There
was no difference in anxiety (p=0.05) and sleep quality (p =0.13). It was not possible to synthesize evidence in indi-
viduals with AD and sleep disorder (insomnia).
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Conclusion In general, the COVID-19 pandemic negatively impacted individuals with PD and MS. Individuals with
PD showed significantly higher levels of depression and stress; and individuals with MS presented significantly higher
depression and stress levels, as well as significantly lower quality of life when compared to healthy controls. Further
studies are needed to investigate the impact of the COVID-19 pandemic in individuals with AD.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infectious
disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). On January 30, 2020, the
World Health Organization declared COVID-19 an
international public health emergency quickly escalating
to a global pandemic on March 11, 2020 [1, 2]. Individu-
als with chronic diseases are the most vulnerable to infec-
tious diseases such as COVID-19 [3]. Among the chronic
diseases that affect the central nervous system, Parkin-
son’s disease (PD), Multiple Sclerosis (MS) and Alz-
heimer’s disease (AD) are the most common [4]. These
diseases present varied epidemiology, clinical symptoma-
tology, laboratory and neuroimaging characteristics, neu-
ropathology and management [5].

The neuropathology of PD is characterized by the pro-
gressive loss of dopaminergic neurons of the substantia
nigra in the midbrain [6]. MS is a chronic immuno-medi-
ated inflammatory condition that affects the central
nervous system as a consequence of the infiltration of
self-reactive lymphocytes into the blood brain barrier,
causing local inflammation that results in demyelination,
glial scar formation and axonal loss [7]. AD is marked by
the formation of beta-amyloid protein plaques and tan-
gles of tau proteins in neurons located in the brain [8]. It
is important to highlight that the neuropathology under-
lying these conditions has been associated to a greater
vulnerability to SARS-CoV-2 infection and the develop-
ment of COVID-19 [9].

Despite the differences in the underlying neuropathol-
ogy, these conditions share common characteristics such
as the presence of neuropsychiatric disorders (anxiety,
depression, and stress), sleep disorders (bad sleep and
insomnia) and low quality of life [10-12]. These pro-
pensities were further exacerbated during the COVID-
19 pandemic with healthcare efforts being shifted from
treating chronic illness towards prevention and manage-
ment of SARS-CoV-2; consequently, having a negative
impact on their mental health [13, 14].

The shift observed in the healthcare system increased
the likelihood for these individuals to develop, relapse
or aggravate neuropsychiatric and sleep disorders
potentially leading to a lower quality of life. Abasiyanik,
Kurt and Kahraman (2022) have contributed to further-
ing the scientific knowledge surrounding the impact of

COVID-19 on various neurological conditions within
their systematic review [15]. Though, a few notable lim-
itations were present within this review such as: quality
of evidence and strength of the recommendation were
not assessed; a meta-analysis was not performed mak-
ing effect size estimation challenging; and the clinical
heterogeneity between the observational studies was
not reported.

To encourage evidence-based practice in informed
decision-making regarding the COVID-19 pandemic
in individuals with PD, MS, and AD, additional system-
atic review studies with more rigorous methodology
are needed. Therefore, the purpose of this systematic
review and meta-analysis was to investigate the impact
of the COVID-19 pandemic on 1) neuropsychiatric
disorders (depression, anxiety, and stress), 2) sleep dis-
orders (sleep quality and insomnia) and 3) quality of
life in individuals with PD, MS and AD compared to
healthy controls.

Methods

This systematic review and meta-analysis followed
the Preferred Reporting Items for Systematic Reviews
and Meta Analyses (PRISMA) guidelines and the rec-
ommendations from the Cochrane Collaboration [16,
17]. The quality of evidence and strength of the rec-
ommendation was assessed by the Grading of Recom-
mendations Assessment, Development, and Evaluation
(GRADE) approach [18]. The protocol was registered
in the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42021286219).

Search strategy

The electronic search was performed in seven data-
bases (Medline, Embase, ScienceDirect, Web of Sci-
ence, The Cochrane Library, Scielo and Lilacs) between
March 2020 and December 2022, using the following
combination of keywords: (Parkinson Disease OR Alz-
heimer Disease OR Multiple Sclerosis) AND (depres-
sion OR anxiety OR stress OR sleep OR insomnia OR
quality of life) AND (COVID-19). The search string was
composed of keywords selected from the Medical Sub-
jects Headings controlled vocabulary.
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Eligibility criteria

Observational studies (i.e., cross-sectional, case—con-
trol, and cohort) were included. For the inclusion crite-
ria, the patient, intervention, comparison, and outcome
(PICO) strategy [19, 20] was utilized being 1) (P) Patient:
individuals with neurodegenerative and demyelinating
diseases (PD, MS, and AD); 2) (I) Intervention: studies
conducted during the COVID-19 pandemic regardless
of peak contamination, social distancing and quarantine;
3) (C) Comparison: healthy controls, and 4) (O) Out-
comes: neuropsychiatric disorders (depression, anxiety,
and stress), sleep disorders (sleep quality, and insomnia),
and quality of life. Studies using evaluation scales with
confirmed psychometric properties (reliability, validity
or responsiveness) were included and domain or total
scores of these scales were considered. Only full publica-
tions in English, Spanish and Portuguese were included.
Exclusion criteria included 1) studies that used qualita-
tive data, 2) control groups with other neurodegenera-
tive and/or neurological diseases, 3) studies comparing
specific moments of the COVID-19 pandemic (before
and during), and 4) intragroup or association analyses
(regression).

Selection process

Title, abstract and full text screenings were conducted
by two independent reviewers (M. P. B. O. and C. R. L.)
following the inclusion and exclusion criteria. The refer-
ence lists of included studies were manually searched to
identify possible titles not recovered in the initial elec-
tronic searches. Any disagreements in the selection pro-
cess were resolved by consensus. When consensus was
not reached, a third reviewer (S. M. S.) was consulted.
The State of the Art through Systematic Review reference
manager software was used for the screening process and
title selection [21].

Data extraction

An adapted form from the Cochrane Collaboration was
implemented for data extraction of the included studies
[17]. Data variables included the study period, data col-
lection procedures, recruitment of individuals, country,
and continent. For the neurodegenerative and demy-
elinating disease group, the type of population, diag-
nostic criteria, sample size, mean age, and gender were
extracted. For the healthy control group, sample size,
mean age, and gender were extracted. The outcomes,
evaluation scales, and statistical results (p-value) of the
studies were also recorded. Effect sizes and 95% confi-
dence intervals (CI) were calculated considering the sam-
ple size, mean, and standard deviation values [22].
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Quality of evidence and strength of the recommendation
assessment: GRADE

The GRADE approach was used to assess the quality of
evidence and strength of the recommendation [18]. This
approach considers five criteria: limitations (risk of bias),
inconsistency, indirectness, imprecision, and publication
bias. The studies by comparison group met the limita-
tions criterion when they reached>9 points (>66.8%)
of the total score on the custom checklist of Downs and
Black [23, 24]. The interpretation of these criteria allows
classifying the evidence as high, moderate, low or very
low. It is important to highlight that when observational
studies are considered for evidence synthesis, the quality
of evidence begins as low [25].

Data analysis

The studies included in the meta-analysis were grouped
based on the outcomes evaluated. The effect size was
calculated using standardized mean differences (SMD)
with 95% CI. Mean and standard deviation values were
used. The effect size was considered significant when
the p-value was less than 0.05 (p<0.05) and classified as
small (<0.20), moderate (between 0.21 and 0.79) or large
(>0.80) effect size based on Cohen’s criteria [26]. Given
the variability of the effect size among the included stud-
ies, the random effects model was used. Index I? was
used to evaluate the heterogeneity among the studies
included in the meta-analysis and interpreted as small
(<25%), moderate (between 26 and 74%) or large (> 75%)
[27]. The statistical tools of the Review Manager software
(RevMan version 5.4.1) were used.

Risk of bias assessment: customized downs and black
checklist

A customized checklist was developed to assess the risk
of bias of the included studies through the scale pro-
posed by Downs and Black [23]. This scale was developed
to assess randomized and non-randomized studies. The
original version has five domains and 27 items: reporting
(1-10), external validity (11-13), internal validity—bias
(14-20), internal validity—selection bias (21-26) and
power (27). The customized Downs and Black checklist
of this systematic review and meta-analysis was devel-
oped including four domains and 13 items: reporting
(1-3, 6, 7, 9, 10), external validity (11), internal valid-
ity—bias (18, 20), internal validity—selection bias (21, 22,
26). The remaining items on the checklist did not apply
to observational studies and therefore were excluded.
The responses on the 13 selected items were scored as 0
(no or unable to determine) or 1 (yes) based on the origi-
nal version with the maximum possible score being 13.
Risk of bias associated with each study was classified as
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low (=9 points [>66.8%]), moderate (between 5 and 8
points (33.4 to 66.7%) or high (<4 points [<33.3%]) by
two independent reviewers (A. E. F. C. and A. L. M.) with
a third reviewer (M. P. B. O.) being consulted in case of
disagreements. This model of personalization and classi-
fication of the risk of bias has been previously reported in
a systematic review and meta-analysis in individuals with
PD [24].

Results

The initial electronic search retrieved 3489 references
with no additional studies being retrieved via manual
search. After the screening process, 18 studies were
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included. Seven studies in individuals with PD [28-34]
and 11 studies in individuals with MS were identified
[35-45]. No study was identified in individuals with AD.
Twelve studies (PD=four and MS=8) were included
in the meta-analysis. The study selection flowchart of
the systematic review and meta-analysis is presented in
Fig. 1.

Fifteen studies were conducted in 2020 (March to
December) [30—43, 45], a study in 2021 (January to Feb-
ruary) [44] and two studies did not report this informa-
tion [28, 29]. Data collection procedures were performed
by phone, e-mail or online in 14 studies [28-33, 35, 37—
41, 43, 45]; in person interviews in one study [44]; and

Databases searching (n = 3489)
c Medline (n = 375)
5] Embase (n = 973)
8 ScienceDirect (n = 1650)
s Web of Science (n = 371)
S The Cochrane Library (n = 56)
° Scielo (n = 36)
Lilacs (n = 28)
>| Duplicated (n = 27) |
A4
| Title screening (n = 3462) |
>| Excluded (n = 3392) |
4
| Abstract screening (n = 70) |
2
S Excluded (n = 52)
9] No Health controls, PD (n = 11)
A No Health controls, ME (n = 19)
No Health controls, AD (n = 10)
»| Disease controls, PD (n = 1)
Disease controls, ME (n = 1)
Disease controls, AD (n = 0)
Other population (n = 1)
Other analysis (n = 1)
Other designs (n = 8)
v
Full text selected (n = 18) |74>| References checking (n = 571) ‘
2 4>| Duplicated (n = 19) ‘
E
-L% 4>| Title screening (n = 552) ‘
—> Excluded (n = 522) |
4>| Abstract screening (n = 30) ‘
©
ks | Excluded (n = 30) |
3 v
o
£ Studies included (n = 18) |<—4| Full text selected (n = 0) ‘

Fig. 1 Flow diagram of studies selection process. (PD) Parkinson's disease; (MS) Multiple Sclerosis; (AD) Alzheimer’s disease
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three studies did not report this information [34, 36, 42].
Fifteen studies recruited individuals in specific sites (hos-
pitals, laboratory databases, clinics or treatment centers)
[28-37, 40-42, 44, 45] and three studies in non-specific
web-based sites (social networks [e.g., facebook or Ins-
tagram] and personal communications) [38, 39, 43]. The
studies were conducted in 10 different countries (China,
Egypt, Italy, Iran, Japan, New Zealand, Republic of Ser-
bia, Turkey, United Kingdom and United States) covering
five continents (Africa, Asia, Europe, North America and
Oceania). Table 1 presents the main characteristics of the
included studies.

Seven studies were performed in individuals with
PD [28-34]. Of these, three studies defined the diag-
nostic criterion with the two studies [30, 31] using the
United Kingdom Parkinson’s Disease Society Brain Bank
[46] and one study [34] using the Movement Disorder
Society [47]. The remaining four studies did not report
this information [28, 29, 32, 33]. The selected studies
totaled a sample of 627 individuals with PD. The mean
age was 65.0 (range 55.0 to 72.3). According to the studies
that reported biological sex as a variable, 241 of 478 indi-
viduals were female (50.4%) and 237 were male (49.6%).
One study did not report biological sex of its participants
[32]. Regarding healthy controls, a total of 857 individu-
als were used as comparators. According to the studies
that reported age (n=413) and biological sex (n=2364)
as a variable, the mean age was 65.2 years (range 55.5 to
78) with 198 being female (54.4%) and 166 being male
(45.6%). One study did not report the mean age [28] and
two studies did not report the biological sex of its partici-
pants [28, 32].

Eleven studies were performed in individuals with MS
[35—-45]. Four studies [36, 37, 41, 42] defined the diagnos-
tic criterion according to the McDonald’s criteria [48].
Seven studies did not report this information [35, 38—40,
43-45]. The selected studies totaled a sample of 3923
individuals with MS. Of 3863 individuals, the mean age
was 42.7 (range 34.4 to 48.1). One study did not report
the mean age of the individuals [35]. Of 3854 individuals,
2839 were women (73.7%) and 1015 were men (26.3%).
In another study, information on the biological sex of
individuals was not available [43]. Regarding healthy
controls, 2432 individuals were used as comparators. Of
2382 individuals, the mean age was 40.7 (range 31.7 to
44.3). One study did not report the mean age of its par-
ticipants [35]. From a total of 2432 individuals, 1690 were
female (69.5%) and 742 male (30.5%).

Fifteen studies investigated neuropsychiatric disor-
ders (PD =seven [28-34]; MS =eight [35-38, 40, 41, 44,
45]). Thirteen studies investigated depression (PD=five
[29-31, 33, 34]; and MS=eight [35-38, 40, 41, 44, 45]).
The following measures were implemented to assess
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depression in individuals with PD: 1) Depression, Anxi-
ety, and Stress Scale (DASS) (depression domain), 2)
Hospital Anxiety and Depression Scale (HADS) (depres-
sion domain), and 3) Patient Health Questionnaire
(PHQ); and in individuals with MS: 1) Beck Depression
Inventory, 2) DASS (depression domain), 3) Hamilton
Depression Scale, and 4) PHQ. Thirteen studies investi-
gated anxiety (PD=six [28-31, 33, 34] and MS=seven
[35-37, 40, 41, 44, 45]). The following measures were
implemented to assess depression in individuals with
PD: 1) Beck Anxiety Inventory (BAI), 2) DASS (anxiety
domain), 3) Generalized Anxiety Disorder (GAD), and
4) HADS (anxiety domain); and in individuals with MS:
1) BAIL 2) DASS (anxiety domain), 3) GAD, 4) Hamilton
Anxiety Scale, and 5) Worry and Anxiety Questionnaire.
Six studies investigated stress (PD=two [29, 32] and
MS=four [37, 38, 40, 41]). Studies in individuals with
PD assessed stress via 1) DASS (stress domain), and 2)
Perceived Stress Scale (PSS); and studies in individuals
with MS assessed stress via 1) DASS (stress domain), 2)
Impact of Event Scale-Revised, and 3) PSS.

Six studies investigated sleep disorders (PD=two [30,
33] and MS=four [35, 36, 44, 45]). Five studies analyzed
sleep quality (PD=one [30] and MS=four [35, 42, 44,
45]) through the Pittsburgh Sleep Quality Index. One
study analyzed insomnia in individuals with PD and used
the Insomnia Severity Index [33]. It was not possible to
synthesize scientific evidence for insomnia based on the
results.

Six studies investigated quality of life (PD =two [29, 34]
and MS=four [36, 39, 43, 44]). The Parkinson’s Disease
Questionnaire-39 and Short Form of Quality of Life-8
were used to assess quality of life in individuals with PD;
and the Functional Assessment of Cancer Therapy-7,
Quality of Life in Neurological Disorders, Multiple Scle-
rosis Quality of Life-54 Instrument, and Short Form of
Quality of life-36 for individuals with MS.

Quality of evidence and strength of the recommendation,
and data analysis

Individuals with PD presented significantly higher lev-
els of depression (very low quality of evidence [down-
graded for indirectness], SMD =0.40 [moderate effect],
95% CI=0.02 to 0.77, p=0.04 and F=44% [moderate
heterogeneity]) (Fig. 2.1) and stress (very low quality of
evidence [downgraded for indirectness], SMD=0.60
[moderate effect], 95% CI=0.32 to 0.87, p<0.0001 and
P=0% [low heterogeneity]) (Fig. 2.2). No significant
changes were observed for the anxiety (very low quality
of evidence [downgraded for limitations (risk of bias),
inconsistency and indirectness], SMD =0.64 [moderate
effect], 95% CI=-0.08 to 1.36, p=0.08 and > =95% [high
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2.1 Depression
Parkinson's disease Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Shalash et al., 2020 7.03 5.73 38 35 36 20 30.5% 0.68[0.13, 1.24] —
Xia et al., 2020 4.89 4.19 119 3.82 378 169 69.5% 0.27[0.03, 0.51] L
Total (95% CI) 157 189 100.0% 0.40 [0.02, 0.77] ‘
Heterogeneity: Tau? = 0.04; Chiz = 1.78, df = 1 (P = 0.18); 12 = 44% 2 1 5 1 2

Test for overall effect: Z =2.09 (P = 0.04)

2.2 Stress

Parkinson's disease Health controls

Parkinson's disease  Health control

[

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD  Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Shalash et al., 2020 7.34 4.88 149 45 3.82 51 74.4% 0.61[0.29, 0.93] -
Blakemore et al., 2021 121 6.4 38 8.6 6 20 25.6% 0.55[-0.00, 1.10] =
Total (95% Cl) 187 71 100.0% 0.60 [0.32, 0.87] <&

Heterogeneity: Tau? = 0.00; Chi? = 0.03, df = 1 (P = 0.86); I = 0%
Test for overall effect: Z=4.18 (P < 0.0001)

2 1 0 1 2
Parkinson's disease  Health controls

2.3 Anxiety
Parkinson's disease Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD  Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Salari et al., 2020 18.34  11.37 137 89 826 442 353% 1.04 [0.84, 1.24] =
Shalash et al., 2020 4.79 3.57 38 205 239 20 29.7% 0.84[0.28, 1.40] —a
Xia et al., 2020 4.34 3.87 119 4.07 371 169 35.0% 0.07 [-0.16, 0.31] "
Total (95% CI) 294 631 100.0% 0.64 [-0.08, 1.36] N
Heterogeneity: Tau? = 0.37; Chi? = 38.08, df = 2 (P < 0.00001); I2 = 95% 4 2 5 2 i

Test for overall effect: Z = 1.75 (P = 0.08)

Parkinson's disease  Health controls

Fig. 2 The forest plots for the grouped studies in individuals with Parkinson’s disease for depression, stress, and anxiety

heterogeneity]) (Fig. 2.3). The forest plots for the grouped
studies in individuals with PD is shown in Fig. 2.
Individuals with MS showed significantly higher lev-
els of depression (very low quality of evidence [down-
graded for indirectness], SMD=0.73 [moderate effect],
95% CI=0.20 to 1.26, p=0.007 and *=95% [high het-
erogeneity]) (Fig. 3.1), higher levels of stress (low qual-
ity of evidence, SMD=0.69 [moderate effect], 95%
CI=0.07 to 1.31, p=0.03 and ?=93% [high heterogene-
ity]) (Fig. 3.2), and lower quality of life (very low quality
of evidence [downgraded for indirectness], SMD=0.77
[moderate effect], 95% CI=0.21 to 1.32, p=0.006 and
FP=89% [high heterogeneity]) (Fig. 3.3). No significant
changes were observed for the anxiety (very low quality
of evidence [downgraded for indirectness], SMD =0.53
[moderate effect], 95% CI=-0.01 to 1.06, p=0.05 and
FP=95% [high heterogeneity]) (Fig. 3.4) and sleep quality
(low quality of evidence, SMD =0.80 [large effect], 95%
CI=-0.23 to 1.82, p=0.13 and ’=97% [high heteroge-
neity]) (Fig. 3.5). The forest plots for the grouped stud-
ies in individuals with MS is shown in Fig. 3. The quality
of evidence and strength of recommendation, and the

interpretation of the GRADE domains are presented in
Table 2.

Risk of bias

The final score for the 18 studies included in the custom-
ized checklist of Downs and Black ranged from eight [28]
to 12 [31]. The average score was 10.5. Seventeen studies
had a low risk of bias (94.4%). Three items presented per-
centages below 75% and were the least attended (3, 9, and
26). Of the 18 studies included, 13 (27.8%) did not meet
item 26 (internal validity), 11 (38.9%) did not meet item
3 (reporting—patients included), and 11 (38.9%) did not
meet item 9 (reporting—patients lost). The score for the
18 included studies is presented in Table 3.

Discussion

This systematic review and meta-analysis investigated the
impact of the COVID-19 pandemic on neuropsychiatric
disorders, sleep disorders, and quality of life in individuals
with PD, MS, and AD compared to healthy controls. The
results showed the negative repercussion of the COVID-19
pandemic in individuals with PD and MS. Both individuals
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Multiple Sclerosis Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD__Total Mean SD_Total Weight 1V, Random, 95% CI IV, Random, 95% ClI
Stojanov et al., 2020 17.3 4.5 95 8.7 3.7 99 19.5% 2.08[1.73, 2.43] =
Talaat et al., 2020 17.76  11.39 115 1289 6.32 129 20.3% 0.54[0.28, 0.79] =
Yeni, Tulek, Terzi and 2022 14.93 8.9 89 11.45 9 262 20.4% 0.39 [0.14, 0.63] -
Shaygannejad, Afshari-Safavi and Hatef, 2021 1462 9.68 223 1135 8.71 245 20.7% 0.36 [0.17, 0.54] -
Motolese et al., 2020 9.7 8.9 60 69 8.1 50 19.2% 0.33[-0.05, 0.70] =
Total (95% CI) 582 785 100.0% 0.73 [0.20, 1.26] .
Heterogeneity: Tau? = 0.35; Chi2 = 80.64, df = 4 (P < 0.00001); I? = 95% 2 1 5 1 2

Test for overall effect: Z = 2.68 (P = 0.007)

Multiple Sclerosis  Health controls

3.2 Stress
Multiple Sclerosis Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Talaat et al., 2020 20.97 11.69 115 10.69 845 129 48.8% 1.01[0.75, 1.28] &
Shaygannejad, Afshari-Safavi and Hatef, 2021 13.07 9.98 223 958 843 245 512% 0.38[0.20, 0.56] =
Total (95% CI) 338 374 100.0% 0.69 [0.07, 1.31] i
Heterogeneity: Tau? = 0.19; Chi? = 14.78, df = 1 (P = 0.0001); 1> = 93% 2 1 ) 1 2

Test for overall effect: Z=2.17 (P = 0.03)

3.3 Quality of life

Multiple Sclerosis  Health controls

Multiple Sclerosis Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Costabile et al., 2021 15.24 6.78 497 12.25 44 348 53.7% 0.50[0.37, 0.64] L 3
Goverover et al., 2022 16.1 4.6 69 111 4.7 95 46.3% 1.07 [0.74, 1.40] ——
Total (95% Cl) 566 443 100.0% 0.77 [0.21, 1.32] -~
Heterogeneity: Tau? = 0.14; Chi2 = 9.45, df = 1 (P = 0.002); I> = 89% 2 1 0 1 2

Test for overall effect: Z = 2.73 (P = 0.006)

Multiple Sclerosis  Health controls

3.4 Anxiety

Multiple Sclerosis Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Stojanov et al., 2020 18.9 5.1 95 102 4.3 99  19.6% 1.84 [1.50, 2.18] —
Talaat et al., 2020 12.75 10.03 115 933 671 129 20.2% 0.40[0.15, 0.66] -
Shaygannejad, Afshari-Safavi and Hatef, 2021 16.34 10.83 223 1265 9.64 245 20.7% 0.36 [0.18, 0.54] -
Yeni, Tulek, Terzi and 2022 40.25 19.96 89 3291 2143 262 20.3% 0.35[0.11, 0.59] -
Motolese et al., 2020 13.8 4.3 60 152 4.7 50 19.2% -0.31[-0.69, 0.07] ]
Total (95% ClI) 582 785 100.0% 0.53 [-0.01, 1.06] L
Heterogeneity: Tau? = 0.35; Chi? = 82.59, df = 4 (P < 0.00001); I? = 95% i '

Test for overall effect: Z = 1.94 (P = 0.05)

3.5 Sleep quality

2 1 0 1 2
Multiple Sicerosis Health controls

Parkinson disease Health controls Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Yeni, Tulek, Terzi and 2022 8.15 417 89 7.99 1286 263 34.0% 0.01[-0.23, 0.25]
Motolese et al., 2020 6.9 3.7 60 47 27 50 33.0% 0.67 [0.28, 1.05] -
Stojanov et al., 2021 10.2 4.5 67 43 21 85 33.1% 1.74[1.36, 2.12] -
Total (95% ClI) 216 398 100.0% 0.80 [-0.23, 1.82]

Heterogeneity: Tau? = 0.79; Chi? = 57.81, df = 2 (P < 0.00001); I*> = 97%
Test for overall effect: Z=1.53 (P = 0.13)

-4 2 0 2 4
Multiple Sclerosis  Health controls

Fig. 3 The forest plots for the grouped studies in individuals with Multiple Sclerosis for depression, stress, quality of life, anxiety, and sleep quality

with PD and MS presented higher levels of depression and
stress. Additionally, individuals with MS presented lower
quality of life compared to healthy controls. It was not pos-
sible to synthesize scientific evidence of the impact of the
COVID-19 pandemic in individuals with AD.

Parkinson’s disease

Individuals with PD had significantly elevated levels of
depression during the COVID-19 pandemic compared
to healthy control (p=0.04). The quality of the evi-
dence was very low. The size of the effect was moderate
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(SMD =0.40). This comparison group presented moder-
ate heterogeneity (I?=44%) [29, 30]. It is estimated that
about 25% of the meta-analysis present values of I above
50% [27]. Even though the heterogeneity of this compari-
son group was below 50%, this result should be analyzed
with caution.

Before the COVID-19 pandemic, depression was the
fourth most prevalent neuropsychiatric disorder in indi-
viduals with PD when compared to healthy controls
(36.6% and 14.9%) [49]. Therefore, the identification of
high levels of depression during the COVID-19 pan-
demic highlights the need for improved clinical manage-
ment of depression in this population considering that
this neuropsychiatric disorder is treatable. The literature
shows that pharmacological (selective serotonin reup-
take inhibitors) and non-pharmacological (aerobic physi-
cal activity and cognitive behavioral therapy) treatments
have the potential to alleviate depression in these indi-
viduals [50, 51].

On the other hand, individuals with PD did not pre-
sent high levels of anxiety (p=0.08) during the COVID-
19 pandemic compared to healthy controls. The
quality of the evidence was very low. A high heteroge-
neity (?=95%) was identified in this comparison group
[28-30]. In part, this high heterogeneity may be due to
the different directions of the statistical results and effect
sizes observed among the analyzed studies. Additionally,
this analysis presented a study with moderate risk of bias
potentially influencing the results [28].

Different delivery methods were also implemented for
the measures of anxiety (i.e., interview or self-report)
which have been previously reported to potentially inter-
fere with anxiety outcomes in individuals with PD [49].
Two studies were delivered online (self-report) [28, 30]
and one study by telephone (interview) [29]. One could
hypothesize that such differences in the delivery methods
observed in the included studies may have influenced the
results by the potential underestimation of the partici-
pant’s condition in a self-reported method versus a more
in-depth analysis when the interview is conducted by a
trained evaluator.

Individuals with PD had significantly higher levels of
stress during the COVID-19 pandemic compared to
healthy controls (p<0.0001). The quality of the evidence
was very low with a moderate effect size (SMD =0.60).
This comparison group presented homogeneous results
(P=0%) [29, 32]. Stress was evaluated by two different
scales (Perceived Stress Scale and Depression, Anxiety,
and Stress Scale) in the included studies suggesting that
the use of different types of scales to assess stress in these
individuals does not seem to interfere with the results.

Stress plays an important role in the development of
depression in individuals with PD and has been shown
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to act as a key element influencing its pathophysiology
[52, 53]. Although we cannot establish the relationship
between stress and depression during the COVID-19
pandemic in these individuals, it is important to highlight
that this systematic review and meta-analysis identified
high levels of these two neuropsychiatric disorders. In
addition to its contribution to depression in individuals
with PD, stress can also contribute to the worsening of
motor symptoms with the progression of PD [52]. There-
fore, the identification of stress during the COVID-19
pandemic in this population is of great importance.

Multiple sclerosis

Individuals with MS had significantly elevated levels of
depression during the COVID-19 pandemic compared to
healthy controls (p =0.007). The quality of the evidence
was very low with a moderate effect size (SMD=0.73).
However, a high heterogeneity was identified in this com-
parison group (I?=95%) [35-37, 41, 45]. One study did
not observe a significant increase in depression in indi-
viduals with MS [41]. Therefore, the different statistical
results do not seem to be the main reason for the high
heterogeneity. In part, we hypothesize that the observed
high heterogeneity may be due to the different scales
used to assess depression in this population.

A systematic review and meta-analysis study con-
ducted before the COVID-19 pandemic observed a high
prevalence of depression in individuals with MS (30.5%)
[54]. A high heterogeneity was identified in this study
(I’ =99.4%). Therefore, it seems that systematic reviews
and meta-analysis studies that report higher levels of
depression in these individuals also identify high hetero-
geneity. The identification of high levels of depression
during the COVID-19 pandemic in this population is of
great importance since psychological and pharmacologi-
cal treatments for depression in individuals with MS have
been shown to be effective in reducing depressive symp-
toms [55].

On the other hand, individuals with MS did not present
high levels of anxiety (p=0.05) during the COVID-19
pandemic compared to healthy controls. The quality of
the evidence was very low, and a high heterogeneity was
identified in this comparison group (P =95%) [35-37, 41,
45]. It is important to highlight that in an included study,
healthy individuals had higher levels of anxiety compared
to individuals with MS [35]. In part, we hypothesize that
this result may be one of the reasons for the observed
high heterogeneity in this comparison group.

Previous literature has shown the high prevalence of
anxiety in individuals with MS before the COVID-19
pandemic (22.1%) [54]. However, the same was not iden-
tified in our systematic review and meta-analysis during
the COVID-19 pandemic. The included studies used four
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different types of scales to assess anxiety which may have
influenced the outcome. A study developed and evalu-
ated the psychometric properties of the specific Coro-
navirus Anxiety Scale to assess the pandemic-associated
anxiety of COVID-19. This scale was shown to be reliable
and valid for scientific research and clinical practice [56].
However, to our knowledge, its application has not been
tested in individuals with MS and PD. We encourage that
future studies in different populations standardize the
use of the Coronavirus Anxiety Scale; therefore, facilitat-
ing its comparative use across studies.

Individuals with MS had significantly higher levels
of stress during the COVID-19 pandemic compared to
healthy controls (p=0.03). The quality of the evidence
was low with a moderate effect size (SMD =0.69). It is
important to highlight that this comparison group met
all the criteria for the GRADE approach reinforcing the
quality and strength of the recommendation of this sci-
entific evidence. However, high heterogeneity was iden-
tified in this comparison group (P=95%) [37, 41]. The
included studies used the Depression, Anxiety, and Stress
Scale to assess stress. However, the observed effect sizes
varied between large [37] and moderate [41] partly justi-
fying the high heterogeneity.

An additional factor that can justify this high hetero-
geneity is the temporal structure of MS, that is, whether
stress assessment was performed at the beginning or dur-
ing progressive states of the disease [57]. For this reason,
stress is the neuropsychiatric disorder with the greatest
observed controversy in studies conducted before the
COVID-19 pandemic in individuals with MS [57]. How-
ever, there is strong scientific evidence of the association
between stress and progression of MS [57], which high-
lights the importance of identifying the increase in stress
during the COVID-19 pandemic in this population. Thus,
stress management strategies such as breathing and mus-
cle relaxation techniques that have shown benefits in
these individuals should be implemented as part of the
treatment strategy [58].

Regarding sleep, individuals with MS did not present
low sleep quality during the COVID-19 pandemic com-
pared to healthy controls (p=0.13). The quality of the
evidence was low. Although no significant difference in
effect size has been identified, this comparison group met
all the criteria for the GRADE approach. A high heteroge-
neity was identified in this comparison group (I>=97%)
[35, 42, 45]. The studies used the Pittsburgh Sleep Qual-
ity Index to assess sleep quality. Although these studies
used the same evaluation scale, the direction of statistical
results and effect sizes were different, which in part may
have contributed to the observed high heterogeneity.

Restless leg syndrome or Willis-Ekbom’s disease and
sleep apnea were the most investigated sleep disorders
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in individuals with MS before the COVID-19 pandemic
[59]. During the COVID-19 pandemic, sleep quality was
investigated in three studies [35, 42, 45] of which none
investigated insomnia. This result identifies that some of
the major sleep disorders (i.e., insomnia) may have been
overlooked in this population during the COVID-19 pan-
demic. This result was observed by a systematic review
study conducted before the COVID-19 pandemic [59]. In
addition, it is important to highlight that poor sleep qual-
ity is related to lower quality of life observed in this popu-
lation [60].

Individuals with MS presented lower quality of life dur-
ing the COVID-19 pandemic compared to healthy con-
trols (p=0.006). The quality of the evidence was very low
with a moderate effect size (SMD =0.77); however, high
heterogeneity was identified in this comparison group
(P=89%) [39, 43]. Different scales were used to assess
quality of life and the effect sizes differed between stud-
ies. In part, these methodological and results differences
among the studies included in this meta-analysis may
justify the observed high heterogeneity.

The World Health Organization during the COVID-19
pandemic instituted a series of strict measures to con-
tain the advance of SARS-CoV-2, such as social distanc-
ing and quarantine [1]. These measures caused a broad,
substantial, and lasting psychological impact worldwide
[61], which may be intrinsically associated with the
observed low quality of life of individuals with MS dur-
ing the COVID-19 pandemic. Furthermore, a systematic
review study conducted before the COVID-19 pandemic
observed that psychosocial, clinical, and demographic
factors are important determinants of low quality of
life in these individuals [62], reinforcing the hypotheti-
cal association between the healthcare measures imple-
mented to contain the spread of SARS-CoV-2 and lower
levels of quality of life in these individuals. Gil-Gonzalez
and colleagues (2020) also identified that among various
neuropsychiatric disorders, depression and anxiety were
associated with lower quality of life in individuals with
MS prior to the COVID-19 pandemic [62]. Therefore,
the significantly higher levels of depression found in our
analysis may have also contributed to the lower quality of
life observed in this population.

Alzheimer’s disease

No study in individuals with AD met the inclusion cri-
teria for this systematic review and meta-analysis. We
hypothesize that two factors could be the main drivers
for such results. First, even though the impact of COVID-
19 has been investigated in individuals with dementia of
various etiologies, many of the studies were limited by a
lack of comparison to healthy controls. Such limitation
makes it difficult to draw conclusions that are specific to
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the disease being studied which could potentially skew
the outcome analysis in this systematic review and meta-
analysis. Therefore, studies lacking a control group with
healthy participants were excluded. Second, most of the
assessments used for neuropsychiatric disorders, sleep
disorders and quality of life in individuals with AD rely
on the caregiver’s report potentially adding an additional
layer of subjectivity and hindering the conductance of
studies of this nature.

Hughes, Liu and Baumbach (2021) study has reported a
negative impact of the COVID-19 pandemic on individu-
als with dementia [63]. An interruption of daily activi-
ties has also been associated with the onset or worsening
of neuropsychiatric disorders, such as depression, and
anxiety [64]; therefore, it is important that future rigor-
ous studies quantify these disorders in individuals with
dementia, including AD to implement strategies that tar-
get the symptoms associated with disease progression as
well as to investigate their impact on measures of quality
of life in this population. In addition, previous evidence
suggests the prevalence of depression and anxiety in car-
egivers of individuals with dementia during the COVID-
19 pandemic highlighting the importance of more
rigorous studies not only for this population, but for their
caregivers as well [63].

Methodological considerations

Eight scientific measures were synthesized and assessed
based on the GRADE approach (PD=three and
MS =five). Although the quality of two measures in indi-
viduals with MS were low (stress and sleep quality), it is
important to highlight that the comparison groups met
all the criteria for the GRADE approach. However, the
quality of evidence and strength of the recommendation
in systematic review studies and meta-analysis of obser-
vational studies begin as low quality and not at high qual-
ity as observed in randomized clinical trials [25].

In other scientific measures (PD = anxiety, depression,
and stress and MS=depression, anxiety, and quality of
life), the main criterion responsible for lowering the qual-
ity of evidence to “very low” was indirectness related to
the heterogeneity of the scales used to evaluate the out-
comes. Therefore, we recommend that future studies
standardize scales for the evaluation of neuropsychiatric
disorders and quality of life as a way to increase the qual-
ity of evidence and strength of the recommendation.

It is also important to highlight that in the included
studies, three items were the least attended according to
the customized checklist of Downs and Black for the risk
of bias assessment. Items 3 and 9 refer to “reporting” and
item 26 refers to “internal validity” Therefore, we rec-
ommend that future studies better describe the sample
inclusion and exclusion criteria, as well as justifying and
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reporting the proportions of follow-up losses in order to
reduce the risk of bias in observational studies.

Strengths and limitations

Strengths: 1) The originality of the theme, given that
the COVID-19 pandemic generated a significant and
immeasurable impact on the population worldwide;
2) The target population, given the high prevalence of
chronic neurodegenerative and demyelinating diseases
[5] such as PD, MS, and AD; 3) The outcomes, since the
identification of neuropsychiatric disorders and sleep
disorders allows the implementation of the best treat-
ment strategies, reflecting on the better quality of life
of these populations; and 4) The methodology, given
that it followed PRISMA guidelines, recommendations
of the Cochrane Collaboration, the quality of evidence
and strength of the recommendation by the GRADE
approach, the risk of bias of the included studies by the
customized checklist of Downs and Black, and the pro-
tocol was registered in PROSPERO.

Limitations: 1) The stages of PD disability [65] were not
defined as an inclusion criteria and there was no distinc-
tion between the main types of MS possibly due to the
difficulties and challenges of remote research with these
populations during the COVID-19 pandemic; 2) Only
observational studies were included, which does not
allow cause-effect relationships to be established between
the COVID-19 pandemic and outcomes investigated; 3)
Based on the GRADE approach, the systematic review
and meta-analysis studies of observational studies began
as low quality of evidence due to a higher risk of bias,
hindering the generalization of our results [25]; and 4)
The limitations of qualitative research, such as the accu-
racy of the information collected and subjectivity of the
analyses due to the interpretations of the authors.

Conclusion

In general, the COVID-19 pandemic negatively impacted
in individuals with PD and MS. Individuals with PD and
MS had significantly higher levels of depression and
stress compared to healthy controls. Individuals with
MS showed a lower quality of life compared to healthy
controls. On the other hand, the COVID-19 pandemic
did not seem to have significant repercussions on anxi-
ety in individuals with PD and MS, and sleep quality in
individuals with MS when compared to healthy controls.
Further studies are needed to investigate the impact of
the COVID-19 pandemic in individuals with AD and
sleep disorders (e.g., insomnia). Future studies should
prioritize the standardization of the scales for the assess-
ment of neuropsychiatric disorders and quality of life in
individuals with PD and MS to increase the quality of evi-
dence and strength of the recommendation.
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Abbreviations

AD Alzheimer's disease

BAI Beck Anxiety Inventory

@] Confidence intervals

COVID-19  Coronavirus disease 2019

DASS Depression, Anxiety, and Stress Scale

GAD Generalized Anxiety Disorder

GRADE Grading of Recommendations Assessment, Development, and
Evaluation

HADS Hospital Anxiety and Depression Scale

MS Multiple Sclerosis

PD Parkinson’s disease

PHQ Patient Health Questionnaire

PICO Patient, Intervention, Comparison, and Outcome

PSS Perceived Stress Scale

PRISMA Preferred Reporting Items for Systematic Reviews and Meta
Analyses

PROSPERO Prospective Register of Systematic Reviews
SARS-CoV-2Severe acute respiratory syndrome coronavirus 2
SMD Standardized mean differences
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