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patients: insular gyrus, corpus amygdala, and thalamus. Eur Rev Med Pharmacol Sci. 2023;27(7):3201-3207. doi: 

10.26355/eurrev_202304_31954. 

Included 

483 Gruenebach N, Abello Mercado MA, Grauhan NF, Sanner A, Kronfeld A, Groppa S, Schoeffling VI, Hilbert T, Brockmann MA, Othman 

AE. Clinical feasibility and validation of the accelerated T2 mapping sequence GRAPPATINI in brain imaging. Heliyon. 

2023;9(4):e15064. doi: 10.1016/j.heliyon.2023.e15064. 

No COVID-

19 

484 McGinty G, Fox R, Hyland P. Assessing prevalence, validity, and correlates of ICD-11 posttraumatic stress disorder and complex 

posttraumatic stress disorder in Ireland. Psychol Trauma. 2023. doi: 10.1037/tra0001472. Epub ahead of print 2023 Apr 24. 

Unrelated 

485 Debs P, Khalili N, Solnes L, Al-Zaghal A, Sair HI, Yedavalli V, Luna LP. Post-COVID-19 brain [18F] FDG-PET findings: A retrospective 

single-center study in the United States. AJNR Am J Neuroradiol. 2023. doi: 10.3174/ajnr.A7863. Epub ahead of print 2023 Apr 27. 

Included 

486 Rong J, Zhao C, Xia X, Li G, Haider A, Wei H, Chen J, Xiao Z, Li Y, Zhou X, Xu H, Collier TL, Wang L, Liang SH. Evaluation of 

[18F]favipiravir in rodents and nonhuman primates (NHP) with positron emission tomography. Pharmaceuticals (Basel). 2023;16(4):524. 

doi: 10.3390/ph16040524. Online 2023 Mar 31. 

Animal 

487 Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, Lange F, Andersson JLR, Griffanti L, Duff E, Jbabdi S, Taschler 

B, Keating P, Winkler AM, Collins R, Matthews PM, Allen N, Miller KL, Nichols TE, Smith SM. SARS-CoV-2 is associated with changes 

in brain structure in UK Biobank. Nature. 2022;604(7907):697-707. doi: 10.1038/s41586-022-04569-5. Epub 2022 Mar 7. 

Included 

488 Nawabi J, Morotti A, Wildgruber M, Boulouis G, Kraehling H, Schlunk F, Can E, Kniep H, Thomalla G, Psychogios M, Hamm B, Fiehler 

J, Hanning U, Sporns P. Clinical and imaging characteristics in patients with SARS-CoV-2 infection and acute intracranial hemorrhage. J 

Clin Med. 2020;9(8):2543. doi: 10.3390/jcm9082543. 

Unsuitable 

Included (n = 36) 

Excluded (n = 452) 

Unrelated (n = 199) 

Reviews (n = 68) 

Unfocused (n = 37) 

Case reports/series (n = 37) 

No COVID-19 (n = 29) 

No neuroimaging (n = 18) 

Unsuitable data presentation (n = 18) 

Opinion (n = 17) 

Protocols (n = 13) 

Animal (n = 10) 

Functional connectivity only (n = 3) 

fMRI only (n = 1) 

Duplicates (n = 2) 

In vitro (n = 0) 

Post-mortem (n = 0) 

  



Supplementary Table S2. PRISMA Checklist. 

PRISMA 2020 Checklist 

Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item is 
reported  

TITLE  1 

Title  1 Identify the report as a systematic review. 1 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. 2 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. 3 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 3 

METHODS  4 

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for 
the syntheses. 

4 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources 
searched or consulted to identify studies. Specify the date when each source was last 
searched or consulted. 

4, Fig. 1 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any 
filters and limits used. 

4, Fig. 1, 5 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, 
including how many reviewers screened each record and each report retrieved, whether they 
worked independently, and if applicable, details of automation tools used in the process. 

4 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers 
collected data from each report, whether they worked independently, any processes for 
obtaining or confirming data from study investigators, and if applicable, details of automation 
tools used in the process. 

4 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were 
compatible with each outcome domain in each study were sought (e.g. for all measures, time 
points, analyses), and if not, the methods used to decide which results to collect. 

4 

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made about any 
missing or unclear information. 

Table 1, 5-16 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of 
the tool(s) used, how many reviewers assessed each study and whether they worked 
independently, and if applicable, details of automation tools used in the process. 

AXIS, 4, 
Suppl. 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the 
synthesis or presentation of results. 

N/A 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. 
tabulating the study intervention characteristics and comparing against the planned groups 
for each synthesis (item #5)). 

Table 1, 5-16 

13b Describe any methods required to prepare the data for presentation or synthesis, such as 
handling of missing summary statistics, or data conversions. 

N/A 

13c Describe any methods used to tabulate or visually display results of individual studies and 
syntheses. 

Table 1, 5-16 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If 
meta-analysis was performed, describe the model(s), method(s) to identify the presence and 
extent of statistical heterogeneity, and software package(s) used. 

3-16 

13e Describe any methods used to explore possible causes of heterogeneity among study results 
(e.g. subgroup analysis, meta-regression). 

16, N/A 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. N/A 

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases). 

AXIS, 4 
Suppl. 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an 
outcome. 

N/A 

RESULTS  5-16 

Study selection  16a Describe the results of the search and selection process, from the number of records 
identified in the search to the number of studies included in the review, ideally using a flow 
diagram. 

3-5 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and 
explain why they were excluded. 

Fig.1, 5, 
Suppl. 

Study 
characteristics  

17 Cite each included study and present its characteristics. 5-16 

Risk of bias in 18 Present assessments of risk of bias for each included study. N/A 



Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item is 
reported  

studies  

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where 
appropriate) and (b) an effect estimate and its precision (e.g. confidence/credible interval), 
ideally using structured tables or plots. 

N/A 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing 
studies. 

N/A 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for 
each the summary estimate and its precision (e.g. confidence/credible interval) and 
measures of statistical heterogeneity. If comparing groups, describe the direction of the 
effect. 

N/A 

20c Present results of all investigations of possible causes of heterogeneity among study results. N/A 

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results. 

N/A 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for 
each synthesis assessed. 

N/A 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome 
assessed. 

N/A 

DISCUSSION  16-17 

Discussion  23a Provide a general interpretation of the results in the context of other evidence. 16-17 

23b Discuss any limitations of the evidence included in the review. 16-17 

23c Discuss any limitations of the review processes used. N/A 

23d Discuss implications of the results for practice, policy, and future research. 17 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration 
number, or state that the review was not registered. 

Not registered 

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared. 

N/A 

24c Describe and explain any amendments to information provided at registration or in the 
protocol. 

N/A 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the 
funders or sponsors in the review. 

N/A 

Competing 
interests 

26 Declare any competing interests of review authors. 17 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template 
data collection forms; data extracted from included studies; data used for all analyses; 
analytic code; any other materials used in the review. 

N/A 

From:  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 

For more information, visit: http://www.prisma-statement.org/  

Supplementary Table S3. Quality assessment through AXIS. [Bracketed numbers] refer to papers’ References; N/A, not applicable 

Appraisal tool for Cross-Sectional Studies (AXIS) – Kremer et al. 2020 [30] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    



Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Klironomos et al. 2020 [31] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – O'Shea et al. 2021 [32] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Lin et al. 2020 [33] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    



3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Sawlani et al. 2021 [34] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?    

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Lindan et al. 2021 [35] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?    

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   



11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Orman et al. 2021 [36] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Rapalino et al. 2021 [37] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 



19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Kas et al. 2021 [38] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
  N/A 

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Conklin et al. 2021 [39] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Guedj et al. 2021 [40] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   



6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Büttner et al. 2021 [41] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Thurnher et al. 2021 [42] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 



14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Agarwal et al. 2021 [43] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Mahammedi et al. 2021 [44] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Lambrecq et al. 2021 [45] 

 Question Yes No Don’t know/Comment 



Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Yan et al. 2021 [46] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Uginet et al. 2022 [47] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    



9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Jegatheeswaran 2022 [48] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Tu et al. 2021 [49] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 



17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Benedetti et al. 2021 [50] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Duarte et al. 2022 [51] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Nelson et al. 2022 [52] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    



3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Andriuta et al. 2022 [53] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified? 
  

Retrospective male-

only controls 

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Widemon et al. 2022 [54] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   



10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained? 
  

, exemption 

obtained 

Appraisal tool for Cross-Sectional Studies (AXIS) – Lersy et al. 2022 [55] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – de Paula et al. 2023 [56] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    



18 Were the limitations of the study discussed? 
  

 Possible selection 

bias recognized 

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Callen et al. 2023 [57] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Díez-Cirarda et al. 2022 [58] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Goehringer et al. 2023 [59] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    



4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Paolini et al. 2023 [60] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Kamasak et al. 2023 [61] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    



Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Klinkhammer et al. 2023 [62] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Douaud et al. 2022 [63] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    



20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Burulday et al. 2023 [64] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

Appraisal tool for Cross-Sectional Studies (AXIS) – Debs et al. 2023 [65] 

 Question Yes No Don’t know/Comment 

Introduction 

1 Were the aims/objectives of the study clear?    

Methods 

2 Was the study design appropriate for the stated aim(s)?    

3 Was the sample size justified?    

4 Was the target/reference population clearly defined? (Is it clear who the research was about?)    

5 Was the sample frame taken from an appropriate population base so that it closely represented the target/reference 

population under investigation? 
   

6 Was the selection process likely to select subjects/participants that were representative of the target/reference population 

under investigation? 
   

7 Were measures undertaken to address and categorise non-responders?   N/A 

8 Were the risk factor and outcome variables measured appropriate to the aims of the study?    

9 Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialled, 

piloted or published previously? 
   

10 Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values, confidence 

intervals) 
   

11 Were the methods (including statistical methods) sufficiently described to enable them to be repeated?    

Results 

12 Were the basic data adequately described?    

13 Does the response rate raise concerns about non-response bias?   N/A 

14 If appropriate, was information about non-responders described?   N/A 

15 Were the results internally consistent?    

16 Were the results presented for all the analyses described in the methods?    

Discussion 

17 Were the authors' discussions and conclusions justified by the results?    

18 Were the limitations of the study discussed?    

Other 

19 Were there any funding sources or conflicts of interest that may affect the authors’ interpretation of the results?    

20 Was ethical approval or consent of participants attained?    

 

Supplementary Table S4. Locations of the eligible studies. 

Location Study 

11 centers, France Kremer, S.; Lersy, F.; Anheim, M.; Merdji, H.; Schenck, M.; Oesterlé, H.; Bolognini, F.; Messie, J.; Khalil, A.; Gaudemer, 

A.; Carré, S.; Alleg, M.; Lecocq, C.; Schmitt, E.; Anxionnat, R.; Zhu, F.; Jager, L.; Nesser, P.; Mba, Y.T.; Hmeydia, G.; 

Benzakoun, J.; Oppenheim, C.; Ferré, J.C.; Maamar, A.; Carsin-Nicol, B.; Comby, P.O.; Ricolfi, F.; Thouant, P.; Boutet, 

C.; Fabre, X.; Forestier, G.; de Beaurepaire, I.; Bornet, G.; Desal, H.; Boulouis, G.; Berge, J.; Kazémi, A.; Pyatigorskaya, 

N.; Lecler, A.; Saleme, S.; Edjlali-Goujon, M.; Kerleroux, B.; Constans, J.M.; Zorn, P.E.; Mathieu, M.; Baloglu, S.; 

Ardellier, F.D.; Willaume, T.; Brisset, J.C.; Caillard, S.; Collange, O.; Mertes, P.M.; Schneider, F.; Fafi-Kremer, S.; 

Ohana, M.; Meziani, F.; Meyer, N.; Helms, J.; Cotton, F. Neurologic and neuroimaging findings in patients with COVID-



19: A retrospective multicenter study. Neurology 2020, 95(13), e1868-e1882. doi: 10.1212/WNL.0000000000010112. 

Epub 2020 Jul 17. 

2 centers, Stockholm, Sweden Klironomos, S.; Tzortzakakis, A.; Kits, A.; Öhberg, C.; Kollia, E.; Ahoromazdae, A.; Almqvist, H.; Aspelin, Å.; Martin, 

H.; Ouellette, R.; Al-Saadi, J.; Hasselberg, M.; Haghgou, M.; Pedersen, M.; Petersson, S.; Finnsson, J.; Lundberg, J.; Falk 

Delgado, A.; Granberg, T. Nervous system involvement in Coronavirus Disease 2019: Results from a retrospective 

consecutive neuroimaging cohort. Radiology 2020, 297(3):E324-E334. doi: 10.1148/radiol.2020202791. Epub 2020 Jul 30. 

1 center, MGH, Boston, Mass., 

USA 

O'Shea, A.; Parakh, A.; Hedgire, S.; Lee, SI. Multisystem assessment of the imaging manifestations of coagulopathy in 

hospitalized patients with coronavirus disease (COVID-19). AJR Am. J. Roentgenol. 2021, 216(4), 1088-1098. doi: 

10.2214/AJR.20.24132. Epub 2021 Feb 3. 

2 centers, New York City, NY, 

USA 

Lin, E.; Lantos, J.E.; Strauss, S.B.; Phillips, C.D.; Campion, T.R, Jr.; Navi, B.B.; Parikh, N.S.; Merkler, A.E.; Mir, S.; 

Zhang, C.; Kamel, H.; Cusick, M.; Goyal, P.; Gupta, A. Brain imaging of patients with COVID-19: Findings at an 

academic institution during the height of the outbreak in New York City. AJNR Am. J. Neuroradiol. 2020, 41(11), 2001-

2008. doi: 10.3174/ajnr.A6793. Epub 2020 Aug 20. 

1 center, Birmingham, UK Sawlani, V.; Scotton, S.; Nader, K.; Jen, J.P.; Patel, M.; Gokani, K.; Denno, P.; Thaller, M.; Englezou, C.; Janjua, U.; 

Bowen, M.; Hoskote, C.; Veenith, T.; Hassan-Smith, G.; Jacob, S. COVID-19-related intracranial imaging findings: a large 

single-centre experience. Clin. Radiol. 2021, 76(2), 108-116. doi: 10.1016/j.crad.2020.09.002. Epub 2020 Sep 15. 

International call by the American 

Society of Pediatric 

Neuroradiology, 10 countries 

Lindan, C.E.; Mankad, K.; Ram, D.; Kociolek, L.K.; Silvera, V.M.; Boddaert, N.; Stivaros, S.M.; Palasis, S; ASPNR 

PECOBIG Collaborator Group. Neuroimaging manifestations in children with SARS-CoV-2 infection: a multinational, 

multicentre collaborative study. Lancet Child Adolesc. Health 2021, 5(3), 167-177. doi: 10.1016/S2352-4642(20)30362-X. 

Epub 2020 Dec 16. 

1 center, Houston, Tx, USA Orman, G.; Desai, N.K.; Kralik, S.F.; Meoded, A.; Seghers, V.J.; Annapragada, A.V.; Huisman, T.A.G.M. Neuroimaging 

offers low yield in children positive for SARS-CoV-2. AJNR Am. J. Neuroradiol. 2021, 42(5), 951-954. doi: 

10.3174/ajnr.A7022. Epub 2021 Jan 7. 

1 center, MGH, Boston, Mass., 

USA 

Rapalino, O.; Pourvaziri, A.; Maher, M.; Jaramillo-Cardoso, A.; Edlow, B.L.; Conklin, J.; Huang, S.; Westover, B.; 

Romero, J.M.; Halpern, E.; Gupta, R.; Pomerantz, S.; Schaefer, P.; Gonzalez, R.G.; Mukerji, S.S.; Lev, M.H. Clinical, 

imaging, and lab correlates of severe COVID-19 leukoencephalopathy. AJNR Am. J. Neuroradiol. 2021, 42(4), 632-638. 

doi: 10.3174/ajnr.A6966. Epub 2021 Jan 7. 

1 center, Pitié-Salpêtrière, Paris, 

France 

Kas, A.; Soret, M.; Pyatigoskaya, N.; Habert, M.O.; Hesters, A.; Le Guennec, L.; Paccoud, O.; Bombois, S.; Delorme, C; 

on the behalf of CoCo-Neurosciences study group and COVID SMIT PSL study group. The cerebral network of COVID-

19-related encephalopathy: a longitudinal voxel-based 18F-FDG-PET study. Eur. J. Nucl. Med. Mol. Imaging 2021, 48(8), 

2543-2557. doi: 10.1007/s00259-020-05178-y. Epub 2021 Jan 15. 

1 center, MGH, Boston, Mass., 

USA 

Conklin, J.; Frosch, M.P.; Mukerji, S.S.; Rapalino, O.; Maher, M.D.; Schaefer, P.W.; Lev, M.H.; Gonzalez, R.G.; Das, S.; 

Champion, S.N.; Magdamo, C.; Sen, P.; Harrold, G.K.; Alabsi, H.; Normandin, E.; Shaw, B.; Lemieux, J.E.; Sabeti, P.C.; 

Branda, J.A.; Brown, E.N.; Westover, M.B.; Huang, S.Y.; Edlow, B.L. Susceptibility-weighted imaging reveals cerebral 

microvascular injury in severe COVID-19. J. Neurol. Sci. 2021, 421, 117308. doi: 10.1016/j.jns.2021.117308. Epub 2021 

Jan 15. 

1 center, Marseille, France Guedj, E.; Campion, J.Y.; Dudouet, P.; Kaphan, E.; Bregeon, F.; Tissot-Dupont, H.; Guis, S.; Barthelemy, F.; Habert, P.; 

Ceccaldi, M.; Million, M.; Raoult, D.; Cammilleri, S.; Eldin, C. 18F-FDG brain PET hypometabolism in patients with long 

COVID. Eur. J. Nucl. Med. Mol. Imaging 2021, 48(9), 2823-2833. doi: 10.1007/s00259-021-05215-4. Epub 2021 Jan 26. 

1 center, Homboldt-Charité, 

Berlin, Germany 

Büttner, L.; Bauknecht, H.C.; Fleckenstein, F.N.; Kahn, J.; Tietze, A.; Bohner, G.; Siebert, E. Neuroimaging findings in 

conjunction with severe COVID-19. Rofo 2021, 193(7), 822-829. doi: 10.1055/a-1345-9784. Epub 2021 Feb 3. 

1 center, Vienna, Austria Thurnher, M.M.; Boban, J.; Röggla, M.; Staudinger, T. Distinct pattern of microsusceptibility changes on brain magnetic 

resonance imaging (MRI) in critically ill patients on mechanical ventilation/oxygenation. Neuroradiology 2021, 63(10), 

1651-1658. doi: 10.1007/s00234-021-02663-5. Epub 2021 Mar 1. 

3-center, New York City, NY, 

USA 

Agarwal, S.; Melmed, K.; Dogra, S.; Jain, R.; Conway, J.; Galetta, S.; Lewis, A. Increase in ventricle size and the 

evolution of white matter changes on serial imaging in critically ill patients with COVID-19. Neurocrit. Care 2021, 35(2), 

491-500. doi: 10.1007/s12028-021-01207-2. Epub 2021 Mar 5. 

5-center, University of Cincinnati 

Medical Center, Cincinnati, Ohio, 

USA, Hospital 12 de Octubre, 

Madrid, Spain; Hospital Clínic, 

Barcelona, Spain; University of 

Cagliari, Cagliari, Italy; and 

Federal University of Sao Paulo, 

Sao Paulo, Brazil 

Mahammedi, A.; Ramos, A.; Bargalló, N.; Gaskill, M.; Kapur, S.; Saba, L.; Carrete, H, Jr.; Sengupta, S.; Salvador, E.; 

Hilario, A.; Revilla, Y.; Sanchez, M.; Perez-Nuñez, M.; Bachir, S.; Zhang, B.; Oleaga, L.; Sergio, J.; Koren, L.; Martin-

Medina, P.; Wang, L.; Benegas, M.; Ostos, F.; Gonzalez-Ortega, G.; Calleja, P.; Udstuen, G.; Williamson, B.; Khandwala, 

V.; Chadalavada, S.; Woo, D.; Vagal, A. Brain and lung imaging correlation in patients with COVID-19: Could the 

severity of lung disease reflect the prevalence of acute abnormalities on neuroimaging? A global multicenter observational 

study. AJNR Am. J. Neuroradiol. 2021, 42(6), 1008-1016. doi: 10.3174/ajnr.A7072. Epub 2021 Mar 11. 

1 center, Pitié-Salpêtrière, Paris, 

France 

Lambrecq, V.; Hanin, A.; Munoz-Musat, E.; Chougar, L.; Gassama, S.; Delorme, C.; Cousyn, L.; Borden, A.; Damiano, 

M.; Frazzini, V.; Huberfeld, G.; Landgraf, F.; Nguyen-Michel, V.H.; Pichit, P.; Sangare, A.; Chavez, M.; Morélot-Panzini, 

C.; Morawiec, E.; Raux, M.; Luyt, C.E.; Rufat, P.; Galanaud, D.; Corvol, J.C.; Lubetzki, C.; Rohaut, B.; Demeret, S.; 

Pyatigorskaya, N.; Naccache, L.; Navarro, V; Cohort COVID-19 Neurosciences (CoCo Neurosciences) Study Group. 

Association of clinical, biological, and brain magnetic resonance imaging findings with electroencephalographic findings 

for patients with COVID-19. JAMA Netw. Open 2021, 4(3), e211489. doi: 10.1001/jamanetworkopen.2021.1489. 

4-center, 2 Shanghai, 1 Chengdu, 

1 Wuhan, China 

Yan, K.; Xiao, F.-F.; Jiang, Y.-W.; Xiao, T.-T.; Zhang, D.-J.; Yuan, W.-H.; Shao, J.-B.; Cheng, G.-Q.; Zeng, L.-K. Effects 

of SARS-CoV-2 infection on neuroimaging and neurobehavior in neonates. World J. Pediatr. 2021, 17(2), 171-179. doi: 

10.1007/s12519-021-00423-2. Epub 2021 Mar 19. 

1-center, Geneva, Switzerland Uginet, M.; Breville, G.; Hofmeister, J.; Machi, P.; Lalive, P.H.; Rosi, A.; Fitsiori, A.; Vargas, M.I.; Assal, F.; Allali, G.; 

Lovblad, K.O. Cerebrovascular complications and vessel wall imaging in COVID-19 encephalopathy-A pilot study. Clin. 

Neuroradiol. 2022, 32(1), 287-293. doi: 10.1007/s00062-021-01008-2. Epub 2021 Mar 26. 

3-center, Ontario, Canada Jegatheeswaran, V.; Chan, M.W.K.; Chakrabarti, S.; Fawcett, A.; Chen, Y.A. Neuroimaging findings of hospitalized 

Covid-19 patients: A Canadian retrospective observational study. Can. Assoc. Radiol. J. 2022, 73(1), 179-186. doi: 

10.1177/08465371211002815. Epub 2021 Apr 21. 

2-center, Beijing, Shanghai, China Tu, Y.; Zhang, Y.; Li, Y.; Zhao, Q.; Bi, Y.; Lu, X.; Kong, Y.; Wang, L.; Lu, Z.; Hu, L. Post-traumatic stress symptoms in 

COVID-19 survivors: a self-report and brain imaging follow-up study. Mol. Psychiatry 2021, 26(12), 7475-7480. doi: 

10.1038/s41380-021-01223-w. Epub 2021 Jul 20. 

1-center, San Raffaele, Milan, 

Italy 

Benedetti, F.; Palladini, M.; Paolini, M.; Melloni, E.; Vai, B.; De, Lorenzo, R.; Furlan, R.; Rovere-Querini, P.; Falini, A.; 

Mazza, MG. Brain correlates of depression, post-traumatic distress, and inflammatory biomarkers in COVID-19 survivors: 

A multimodal magnetic resonance imaging study. Brain Behav. Immun. Health 2021, 18, 100387. doi: 

10.1016/j.bbih.2021.100387. Epub 2021 Nov 2. 



2-center, São Paulo, SP, and Serra, 

Espírito Santo, Brazil 

Duarte AC, Fujiki RHM, Glória LFP, Fragoso DC, Pacheco FT, Calvi C, Rosa-Júnior M, Maia Junior ACM, Rocha AJD. 

Neurological imaging findings in hospitalized COVID-19 patients: a retrospective observational study in two Brazilian 

reference centers. Arq. Neuropsiquiatr. 2022, 80(5), 490-496. doi: 10.1590/0004-282X-ANP-2021-0103. 

1-center, Karolinska Institutet, 

Stockholm, Sweden 

Nelson DW, Granberg T, Andersen P, Jokhadar E, Kåhlin J, Granström A, Hallinder H, Schening A, Thunborg C, Walles 

H, Hagman G, Shams-Latifi R, Yu J, Petersson S, Tzortzakakis A, Levak N, Aspö M, Piehl F, Zetterberg H, Kivipelto M, 

Eriksson LI. The Karolinska NeuroCOVID study protocol: Neurocognitive impairment, biomarkers and advanced imaging 

in critical care survivors. Acta Anaesthesiol Scand. 2022;66(6):759-766. doi: 10.1111/aas.14062. Epub 2022 Apr 2. 

1-center, Amiens, France Andriuta D, Si-Ahmed C, Roussel M, Constans JM, Makki M, Aarabi A, Basille D, Andrejak C, Godefroy O. Clinical and 

imaging determinants of neurocognitive disorders in post-acute COVID-19 patients with cognitive complaints. J 

Alzheimers Dis. 2022;87(3):1239-1250. doi: 10.3233/JAD-215506. 

1-center, Columbia University 

Irving Medical Center, New York, 

NY, USA 

Widemon RS, Huang S, Capaccione KM, Mitchell RP, Salvatore MM, Lignelli A, Nguyen P. The impact of the COVID-

19 pandemic on neuroimaging volume in New York City. Neuroradiol J. 2022;35(6):713-717. doi: 

10.1177/19714009221096828. Epub 2022 May 3. 

1-Center, Strasbourg, France Lersy, F.; Bund, C.; Anheim, M.; Mondino, M.; Noblet, V.; Lazzara, S.; Phillipps, C.; Collange, O.; Oulehri, W.; Mertes, 

P.M.; Helms, J.; Merdji, H.; Schenck, M.; Schneider, F.; Pottecher, J.; Giraudeau, C.; Chammas, A.; Ardellier, F.D.; 

Baloglu, S.; Ambarki, K.; Namer, I.J.; Kremer, S. Evolution of neuroimaging findings in severe COVID-19 patients with 

initial neurological impairment: An observational study. Viruses 2022, 14(5), 949. doi: 10.3390/v14050949. 

1-center, Universidade Federal de 

Minas Gerais, Belo Horizonte-

MG, Brazil 

de Paula, J.J.; Paiva, R.E.R.P.; Souza-Silva, N.G.; Rosa, D.V.; Duran, F.L.S.; Coimbra, R.S.; Costa, D.S.; Dutenhefner, 

P.R.; Oliveira, H.S.D.; Camargos, S.T.; Vasconcelos, H.M.M.; de Oliveira, Carvalho, N.; da Silva, J.B.; Silveira, M.B.; 

Malamut, C.; Oliveira, D.M.; Molinari, L.C, de Oliveira, D.B.; Januário, J.N.; Silva, L.C, De Marco, L.A.; Queiroz, 

D.M.M.; Meira, W.; Busatto, G.; Miranda, D.M.; Romano-Silva, M.A. Selective visuoconstructional impairment following 

mild COVID-19 with inflammatory and neuroimaging correlation findings. Mol. Psychiatry 2023, 28(2), 553-563. doi: 

10.1038/s41380-022-01632-5. Epub 2022 Jun 14. 

1 center, Aurora, Colorado, USA Callen, A.L.; Tanabe, J.; Thaker, A.A.; Pollard, R.; Sauer, B.; Jones, W.; Pattee, J.; Steach, B.; Timpone, V.M. Evaluation 
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