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Abstract 

Many US states, cities, and counties implemented public masking orders during the coronavirus (COVID) pandemic on 

the notion that this intervention would delay and flatten the epidemic peak and largely benefit public health outcomes. A 

p-value plot can provide insights into possible inappropriateness (incorrectness) of assumptions of a statistical model. It 

can be used to confirm, disprove, or identify ambiguity (uncertainty) in a meta-analytic finding and research claim. 

P-value plotting was used to evaluate statistical reproducibility of meta-analysis studies for disposable medical (surgical) 

mask use in community settings to prevent airborne respiratory virus infection. Eight studies (seven meta-analysis, one 

systematic review) published between 1 January 2020 and 7 December 2022 were evaluated. Base studies were 

randomized control trials with outcomes of medical diagnosis or laboratory-confirmed diagnosis of viral (Influenza or 

COVID) illness. Self-reported viral illness outcomes were excluded from the evaluation because of awareness bias. No 

evidence was observed for a medical mask benefit to prevent respiratory virus infection in six p-value plots (five 

meta-analysis and one systematic review). Research claims of no benefit in three meta-analysis and the systematic 

review were reproduced in p-value plots. Research claims of a benefit in two other meta-analysis were not reproduced 

in p-value plots suggesting irreproducibility of these claims. Insufficient data was available to construct p-value plots 

for two other meta-analysis because of over-reliance on self-reported outcomes. Independent findings of p-value 

plotting show that meta-analysis of existing randomized control trials fail to demonstrate a benefit of medical mask use 

in community settings to prevent airborne respiratory virus infection. 

Keywords: respiratory virus, COVID, medical mask, meta-analysis, p-value plot, reproducibility 

1. Introduction 

1.1 Background 

The 2020 coronavirus pandemic (COVID) was an exceptional test of current scientific evidence that informed and 

shaped government policy. Governments around the world were faced with a disease whose significance was initially 

uncertain and they acted swiftly given further uncertainties in the capacity of their health care systems to respond to the 

virus. 

On March 11, 2020 the World Health Organization (WHO) declared COVID a pandemic (CDC, 2022). Many 

governments followed up with pandemic policies. Examples of policies imposed as large-scale restrictions on 

populations included (Gostin et al., 2020; Jenson, 2020; Magness, 2021): public orders for mask wearing in community 

settings; stay-at-home orders; curfews at night; school, university, and many business closures; and restrictions on large 

gatherings. 

Early in the pandemic, the U.S. Centers for Disease Control and Prevention (CDC) recommended a cautious approach 

that patients in health care settings under investigation for symptoms of suspected COVID should wear a medical mask 

as soon as they are identified (Patel et al., 2020). On April 30, 2020, the CDC recommended that all people wear a mask 

outside of their home (CDC, 2022). 

This recommendation came about after emerging data reported transmission of the COVID virus from persons without 

symptoms and recognition that there was airborne transmission. Initial recommendations were on using cloth face 

coverings that could be made more widely available in the community than medical masks (Furukawa et al., 2020). 

Although, Balazy et al. (2006) and Inglesby et al. (2006) had previously reported that medical masks do little to prevent 

inhalation of small droplets bearing Influenza virus. Cloth face covering used was intended to preserve personal 
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protective equipment such as medical masks and N95 respirators to highest-risk exposures in health care settings 

(Furukawa et al., 2020). 

Mathematical modelling studies using simulated pandemic scenarios were used to restrict movement of people for 

durations ranging from 2 weeks to months (Qualls et al., 2017; Jenson, 2020) in order to “flatten the epidemic curve” 

(Matrajt & Leung, 2020). The phrase “flatten the epidemic curve” was initially used by the CDC (2007) in pandemic 

preparation to support using nonpharmaceutical interventions (NPIs) and antiviral medications to delay and flatten the 

epidemic peak. Inglesby et al. (2006) had articulated early criticisms of the efficacy and appropriateness of some of 

these NPIs (i.e., quarantine; closing of schools and universities, cancelling or postponing meetings or events in-volving 

large gatherings) for the control of pandemic Influenza. 

A rationale for flattening the epidemic curve in a pandemic is spreading out health care demands resulting from a high 

incidence peak that could potentially overwhelm health care capacity (Jenson, 2020). Restrictions implemented by 

governments – including public masking in community settings, however, became lengthy impositions as the policy 

targets developed by public health official shifted (Magness, 2021). Political influence dominated both the initiation and 

ultimate duration of these restrictions in the US (Kosnik & Bellas, 2020). 

1.2 Research Reproducibility 

The research reaction to COVID since the beginning of 2020 has been vast (Kinsella et al., 2020; Chu et al., 2021; 

Iaonnidis et al., 2022). To show the extent of this reaction, the Advanced Search Builder capabilities of the PubMed 

search engine was used to approximate the number of COVID publications. The terms covid[Title] OR sars-cov-2[Title] 

were used for the period 2020-2023 (search performed December 7, 2022). The search returned 250,492 listings in the 

National Library of Medicine data base. 

Prior to the COVID pandemic, researchers have increasingly recognized that only a small portion of published research 

may be reproducible (Ioannidis, 2005, 2022; Ioannidis et al., 2011; Keown, 2012; Begley & Ioannidis, 2015; Iqbal et al., 

2016; Randall & Welser, 2018; Stodden et al., 2018). Lack of research transparency is a reason for research 

irreproducibility (Landis et al., 2012), due to biased study designs, flexibility in research practices, low statistical power, 

chasing statistical significance, and selective analysis and reporting (Kavvoura et al., 2007; Ioannidis, 2008; Ioannidis et 

al., 2011; Ware & Munafo, 2015). 

Many research studies have been published in response to COVID. The reproducibility of some of this research is 

uncertain (Bramstedt, 2020; Peng & Hicks, 2021) and others have suggested that irreproducible research may be a 

common feature of published COVID literature (Gustot, 2020; Paez, 2021; Sumner et al., 2021). 

1.3 Meta-analysis 

Meta-analysis is a procedure for statistically combining data (test statistics) from multiple studies that address a 

common research question or claim (Egger et al., 2008). A general example of a research question or claim (i.e., 

cause−effect science claim) addressed in meta-analysis is whether an intervention/risk factor prevents/causes a disease. 

A meta-analysis assesses a claim by taking a test statistic (e.g., risk ratio, odds ratio, hazard ratio, etc.) along with a 

measure of its reliability (e.g., confidence interval) from multiple individual intervention—health outcome studies 

(called base papers) identified in the literature. These statistics are combined to give a supposedly more reliable estimate 

of an effect (Young & Kindzierski, 2019). 

It first involves a systematic review. The systematic review of a clearly formulated research question is intended to use 

organized and specific methods to identify, select, and critically appraise relevant research, and to collect and analyze 

data from the identified studies (Moher et al., 2009). A meta-analysis then selects and then combines test statistics of the 

identified studies from the systematic review. 

One component of replication – performance of another study statistically confirming the same hypothesis or research 

claim – is a foundation of science and replication of research is important before cause−effect claims can be made 

(Moonesinghe et al., 2007). However, if a replication study result does not concur with a prevailing paradigm, it might 

not be published. Also, if a similar faulty method is used in a replication study as in an original study, or if studies with 

negative findings are not published whereas studies with positive findings are, then a false claim can be taken as fact, 

canonized (Nissen et al., 2016). 

Well-designed meta-analyses are ranked high in the medical evidence-based pyramid – similar to well-designed 

randomized trials, and above observational (case–control and cohort) studies (van Wely, 2014; Murad et al., 2016; 

Herner, 2019). A major assumption of meta-analysis is that a summary statistic drawn from a base paper for analysis is 

an unbiased estimate of an effect of interest (Boos & Stefanski, 2013). Given these characteristics, independent 

evaluation of published meta-analysis on a common research question has been used to assess the statistical 
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reproducibility of a claim coming from that field of research (Young & Kindzierski, 2019, 2022, 2023; Kindzierski et al., 

2021). 

Study Objective – Given potentially large data sets available to medical researchers today, intervention−health outcome 

studies require robust statistical support to establish informative and interpretable intervention−risk/benefit associations 

and research claims made from these associations. A statistical approach, p-value plotting (Schweder & Spjøtvoll, 1982), 

was used in this study to evaluate reproducibility of meta-analysis research claims related to benefit of mask use in 

community settings to prevent airborne respiratory virus infection. The focus was on disposable medical (surgical) 

masks of the type shown in Figure 1. 

 

Figure 1. Disposable medical (surgical) mask 

2. Method 

We initially wanted to show the number of listings of meta-analysis studies cited in literature related to COVID. The 

PubMed search engine was used. The terms ((covid[Title]) OR (sars-cov-2[Title])) AND (meta-analysis[Title]) 

[timeline 2020-2023] were used on December 7, 2022. The search returned 3,256 listings in the National Library of 

Medicine data base. This included 633 listings for 2020, 1,300 listings for 2021, and 1,323 listings thus far for 2022. 

This is considered an astonishing amount in that a meta-analysis is a summary of available papers. 

The COVID (sars-cov-2) virus has a reported size range of 60−160 nm (0.06−0.16 µm) (Bar-On et al., 2020; Menter et 

al., 2020; Zhu et al., 2020). This is similar to the reported size range of Influenza respiratory viruses (80–120 nm, 

0.08−0.12 µm) (Stanley, 1944; Mosley & Wyckoff, 1946; NCBI, 2017). Regardless of differing virus sizes, most 

respiratory viruses are transmitted through secretion fluids during breathing in the form of aerosols (<5 μm) or droplets 

(>5 μm) rather than isolated viruses (Tellier, 2006, 2009; Clase et al., 2020; Meyerowitz et al., 2020; Prather et al., 2020; 

Wang et al., 2021). Additional details about respiratory virus airborne transmission characteristics are provided in 

Appendix 1.  

2.1 Study Selection 

A well-designed and conducted randomized controlled trial (RCT) is acknowledged as a gold standard for assessing the 

efficacy of an intervention (O’Conner et al., 2008). For this evaluation, interest was in meta-analysis or systematic 

review studies of RCTs investigating community medical mask use for prevention of respiratory virus infection. The 

focus was on Influenza and COVID viruses because of their similar size ranges; keeping in mind it is not the virus itself 

but airborne transmission of aerosols or droplets containing these viruses that is important for infection. 

Another distinction in this evaluation is the type of the outcome for assessing the potential benefit of mask use. Study 

outcomes that were based solely on self-reported symptoms of viral illness were excluded because of awareness bias. 

Awareness bias is the tendency of a study participant to self-report a symptom or effect (e.g., a sickness or disease) 

because of concerns arising from prior knowledge of an environmental hazard that may cause the symptom 

(Shusterman, 1992; Moffatt & Bhopal, 2000; Smith-Sivertsen et al., 2000; Rabinowitz et al., 2015).  

Perception of exposure, causal beliefs, and media coverage have a role in study participants self-reporting symptoms 

(Borlee et al., 2019). Separating a true biological effect from reporting that is increased because of awareness bias is a 

problem where study participants are aware of their potential exposure (Moffatt et al., 2000). Using objective health 

outcomes is recommended in studies to rule out awareness bias (Marcon et al., 2015). Self-reported symptoms, e.g., for 

viral illness, cannot be considered objective unless it can be corroborated with other more credible outcome measures, 

e.g., laboratory confirmation (Michaud et al., 2018). 

Two online data bases – The Cochrane Central Register of Controlled Trials (CENTRAL) and PubMed – were used to 

identify eligible studies as both data bases are freely available for public use. Other data bases – such as Scopus, Web of 

Science, EMBASE – were not considered as these were not accessible to us. CENTRAL was used to identify registered, 
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controlled trials. PubMed was used because it is acknowledged as an optimal tool in biomedical electronic research 

(Falagas et al., 2008) and it focuses mainly on life sciences and biomedical disciplines (AlRyalat et al., 2019). 

CENTRAL and PubMed data bases were searched for meta-analysis or systematic reviews of randomized controlled 

trials investigating medical face mask use and Influenza or COVID (sars-cov-2) infections published from January 1, 

2020 up to December 7, 2022. 

The CENTRAL search strategy was relaxed in that it excluded targeted search terms such as mask, masks, facemasks, 

nonpharmaceutical, randomized or randomised. Here it was anticipated that there would not be many listings in the 

CENTRAL data base. The search was performed using the following terms: “influenza A” OR “influenza B” OR “covid” 

OR “sars-cov-2” OR “respiratory” in Title Abstract Keyword AND “infectious disease” Topic AND “01 January 2020 

to 07 December 2022” Custom date range. 

Due to the potentially large number of COVID meta-analysis studies in the PubMed data base, the search strategy 

differed, and it included more targeted terms. These terms included: (((((((influenza[Title]) OR (covid[Title])) OR 

(sars-cov-2[Title])) OR (respiratory[Title])) OR (viral transmission[Title])) AND ((((nonpharmaceutical[Title]) OR 

(mask[Title])) OR (masks[Title])) OR (facemasks[Title]))) AND ((randomized[Title/Abstract]) OR 

(randomised[Title/Abstract]))) AND (("2020/01/01"[Date - Entry] : "2022/12/07"[Date - Entry])). 

A potentially eligible systematic review was identified in gray literature during online searches. This review was 

published by the CATO Institute (Washington, DC) during the 01 January 2020 to 07 December 2022 period (Liu et al., 

2021). This review was not captured by searches of the CENTRAL or PubMed data bases. It examined RCTs of medical 

mask use and viral (including Influenza and COVID) infections. 

For each study identified through the searches, titles and full abstracts were read online. Based upon this, electronic 

copies of eligible meta-analysis or systematic review studies were then downloaded and read. The following criteria 

was used to determine eligibility of studies for the evaluation: 

 Base studies were randomized controlled trials (RCTs) or cluster RCTs. 

 Meta-analysis or systematic review. 

 Compared the efficacy of medical masks with not wearing masks. Studies were excluded if they did not specify 

mask type used or present isolated outcomes for individual mask types. 

 Included Influenza and/or COVID (sars-cov-2) viruses. Studies were excluded if they did not present isolated 

outcomes for these viruses. 

 Intervention and control groups included community participants. Studies were excluded if they only involved 

workers in healthcare settings or they did not present isolated outcomes for community participants. 

 Included credible outcome measures – i.e., medical diagnosis of respiratory virus illness or lab-confirmed diagnosis 

of respiratory virus illness. 

2.2 P-value Plots 

In epidemiology it is traditional to use risk ratios or odds ratios & confidence intervals instead of p-values from a 

hypothesis test to demonstrate or interpret statistical significance. Both risk ratios or odds ratios & confidence intervals 

and p-values are constructed from the same data, and they are interchangeable. Formulae exist showing how one can be 

calculated from the other (Altman & Bland, 2011a,b). Commercial statistical software packages – e.g., SAS and JMP 

(SAS Institute, Cary, NC) or STATA (StataCorp LLC, College Station, TX) – can also be used to estimate p-values from 

risk ratios or odds ratios & confidence intervals. 

Here, p-values were estimated using JMP statistical software from risk ratios or odds ratios & confidence intervals for 

all data in each of the studies evaluated. P-value plots (Schweder & Spjøtvoll, 1982) were developed to inspect the 

distribution of the set of p-values for each study. The p-value is a random variable derived from a distribution of the test 

statistic used to analyze data and to test a null hypothesis (Young & Kindzierski, 2019). 

In a well-designed and conducted study, the p-value is distributed uniformly over the interval 0 to 1 regardless of 

sample size under the null hypothesis (Schweder & Spjøtvoll, 1982). Suitably scaled, a distribution of p-values plotted 

against their ranks in a p-value plot should form a 45-degree line when there are no effects (Schweder & Spjøtvoll, 1982; 

Hung et al., 1997; Bordewijk et al., 2020). Researchers can use a p-value plot to inspect the heterogeneity of the test 

statistics combined in a meta-analysis. 

The p-value plots constructed here were interpreted as follows (Young & Kindzierski, 2019): 

 Computed p-values were ordered from smallest to largest and plotted against the integers, 1, 2, 3,… 
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 If p-value points on the plot followed an approximate 45-degree line, it is concluded that test statistics resulted 

from a random (chance) process and the data supported the null hypothesis of no significant association or effect. 

 If p-value points on the plot followed approximately a line with a flat/shallow slope, where most (the majority) of 

p-values were small (< 0.05), then test statistic data set provided evidence for a real, statistically significant, 

association or effect. 

 If p-value points on the plot exhibited a bilinear shape (divided into two lines), the data set of test statistics used for 

meta-analysis is consistent with a two-component mixture and a general (overall) claim is not supported. In 

addition, a small p-value reported for the overall claim in the meta-analysis may not be valid (Schweder & 

Spjøtvoll, 1982). 

Examples of p-value plots are provided in Appendix 2 to assist in interpretation of the p-value plots constructed here. 

Specifically, p-value plots in Appendix 2 represent ‘plausible null’ and ‘plausible true alternative’ hypothesis outcomes 

based on meta-analysis studies of observational data sets. Plausible null hypothesis outcomes plot as an approximate 

45-degree line and plausible true alternative hypothesis outcomes plot as a line with a flat/shallow slope, where most 

(the majority) of p-values are small (< 0.05). 

The distribution of the p-value under the alternative hypothesis – where p-values are a measure of evidence against the 

null hypothesis – is a function of both sample size and the true value or range of true values of the tested parameter 

(Hung et al., 1997). The p value plots in Appendix 2 are examples of distinct (single) sample distributions for each 

condition – i.e., for null (chance or random) associations and true effects between two variables. Evidence for p-value 

plots exhibiting behaviors outside of that shown in Appendix 2 should be treated as ambiguous (uncertain). A research 

claim based on ambiguous evidence is unproven. 

P-value plots are primarily intended for informal inference (Schweder & Spjøtvoll, 1982). Informal inference involves 

making generalizations based on data (samples) about a wider universe (population/process), while considering 

uncertainty without use of a formal statistical procedure or method. Also, it is difficult to make exact probability 

statements using p-value plots (Schweder & Spjøtvoll, 1982). A p-value plot or other graphical plotting method (e.g., 

scatter plot, probability plot, residual plot, volcano plot, p-curve plot, etc.) provides insights into possible 

inappropriateness (incorrectness) of assumptions of a statistical model. Here, p-value plots were used to confirm, 

disprove, or identify ambiguity (uncertainty) in a meta-analytic finding and research claim. The p-value plots were not 

used to make exact probability statements. 

3. Results 

3.1 Search Results 

CENTRAL – Sixty-one Cochrane Review articles published for the 01 January 2020 to 07 December 2022 period were 

identified. These search results are listed in Appendix 3. From examining full abstracts for these articles online, one 

eligible meta-analysis study that met the search criteria was found – Jefferson et al. (2021). 

PubMed (medical research literature) – From the PubMed search, 73 records published for the period were identified 

(refer to Appendix 3). From examining full abstracts for these studies online, six eligible meta-analysis studies that met 

the search criteria were found – Aggarwal et al. (2020), Xiao et al. (2020), Nanda et al. (2021), Tran et al. (2021), Kim 

et al. (2022), and Ollila et al (2022). Coincidentally, one meta-analysis (Xiao et al. 2020) used the exact same RCT data 

as an earlier World Health Organization (WHO, 2019). 

Gray literature – A final study included from gray literature was a systematic review by the public policy research 

organization CATO Institute (Liu et al., 2021). 

3.2 P-value Plots 

Descriptive information about characteristics for all eight studies evaluated is presented in Appendix 4. This information 

includes the following for each study: the data bases searched to identify potential base studies to include, details about 

viral illness outcomes reported, tables of outcome measures (risk ratio & 95% confidence intervals) and estimated 

p-values, and other unique evidence and/or limitations worth noting. 

P-value plots were constructed and presented here for six meta-analysis: Jefferson et al. (2020) (Figure 2a), Xiao et al. 

(2020) (Figure 2b), Nanda et al. (2021) (Figure 3a), Tran et al. (2021) (Figure 3b), Kim et al. (2022) (Figure 4a), and 

Liu et al (2021) (Figure 4b). P-value plots were not constructed for two meta-analysis – Aggarwal et al. (2020) and 

Ollila et al. (2022) – because of over-reliance on self-reported outcomes in their meta-analysis and/or irregularities or 

biases worth noting (discussed further in Appendix 4). 
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3.2.1 Cochrane Review Literature 

Jefferson et al. (2020) – Fifteen community (non-healthcare worker) RCTs – base studies – comparing medical masks to 

no masks were used in this meta-analysis (Appendix 4, Table A1). Their research claim – i.e., cause−effect scientific 

claim – was (Authors’ conclusions, p3 of Jefferson et al. (2020)… “pooled results of randomised trials did not show a 

clear reduction in respiratory viral infection with the use of medical/surgical masks during seasonal influenza”. The 

p-value plot for this study is presented in Figure 2a. 

3.2.2 PubMed Literature 

Aggarwal et al. (2020) – Five cluster-RCT base studies comparing medical masks to no masks were used in this 

meta-analysis (Appendix 4, Table A2). The research claim, taken from their Abstract, was… “data pooled from 

randomized controlled trials do not reveal a reduction in occurrence of ILI [Influenza-like illness] with use of facemask 

alone in community settings”. A p-value plot for this study was not constructed because two of the five outcome 

measures failed to meet the eligibility criteria as they were based on self-reported outcomes (with attendant awareness 

bias) (Table A2). 

Xiao et al. (2020) – Seven RCT base studies comparing medical masks to no masks were used in this meta-analysis 

(Appendix 4, Table A3). The research claim, taken from their Abstract, was… “Although mechanistic studies support 

the potential effect of hand hygiene or face masks, evidence from 14 randomized controlled trials of these measures did 

not support a substantial effect on transmission of laboratory-confirmed influenza”. The p-value plot for this study is 

presented in Figure 2b.  

Nanda et al. (2021) – Seven RCT base studies comparing medical masks to no masks were used in this meta-analysis 

(Appendix 4, Table A4). These are the same seven base studies as Xiao et al. (2020). However, data extracted by Nanda 

et al. from the base studies and used for calculating risk ratios and confidence interval differed compared to Xiao et al. 

The research claim, taken from their Abstract, was… “There is limited available preclinical and clinical evidence for 

face mask benefit in sars-cov-2. RCT evidence for other respiratory viral illnesses shows no significant benefit of masks 

in limiting transmission”. The p-value plot for this study is presented in Figure 3a.  

Tran et al. (2021) – Eight RCT base studies comparing medical masks to no masks were used in this meta-analysis 

(Appendix 4, Table A5). Seven of the eight RCT base studies used in their meta-analysis were the exact same as those 

used by Xiao et al. and Nanda et al. The research claim, taken from their Abstract, was… “Given the body of evidence 

through a systematic review and meta-analyses, our findings supported the protective benefits of MFMs [medical face 

masks] in reducing respiratory transmissions, and the universal mask-wearing should be applied—especially during the 

COVID-19 pandemic”. The p-value plot for this study is presented in Figure 3b. 

 

(a)  (b)  

Figure 2. Meta-analysis p-value plots: (a) 15 RCT base studies (Jefferson et al. 2020), (b) 7 RCT base studies (Xiao et al. 

2020) 
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(a)  (b)  

Figure 3. Meta-analysis p-value plots: (a) 7 RCT base studies (Nanda et al. 2021), (b) 8 RCT base studies (Tran et al. 

2021) 

Kim et al. (2022) – Seven RCT base studies comparing medical masks to no masks were used in this meta-analysis 

(Appendix 4, Table A6). The viral illness outcome they reported was lab-confirmed infection for Influenza (6 base 

studies) and COVID (1 base study). The research claim, taken from their Abstract, was… “Evidence supporting the use 

of medical or surgical masks against influenza or coronavirus infections (SARS, MERS and COVID‐19) was weak”. 

The p-value plot for this study is presented in Figure 4a. 

Ollila et al. (2022) – Eight RCT base studies comparing medical masks to no masks were used in this meta-analysis 

(Appendix 4, Table A7). The research claim, taken from their Abstract, was… “Our findings support the use of face 

masks particularly in a community setting and for adults”. A p-value plot for this study was not constructed because six 

of the eight outcome measures failed to meet the eligibility criteria. Specifically, five of these measures were based on 

self-reported symptoms, and the origin of one measure that Ollila et al. used for another base study could not be 

confirmed. 

Ollila et al. initially registered a protocol for their study in PROSPERO on 16 November 2020 and changed the protocol 

on 12 May 2022 and again on 22 September 2022 (Ollila et al., 2020) before it was published on 1 December 2022. 

Also, test statistics used for three of the base studies for self-reported symptoms showing a benefit of mask use in Table 

A7 are opposite to other published data of lab-confirmed statistics for the same studies. A more-detailed explanation is 

presented in Appendix 4. 

3.2.3 Gray Literature 

Liu et al. (2021) – The Liu et al. systematic review involved examining available clinical evidence of the impact of face 

mask use in community settings on respiratory infection rates, including by COVID. This review was different than 

meta-analyses evaluated here in that it did not specify methodologies for identification of RCT base studies. However, 

they did present and discuss results of RCTs that they identified. 

As a result of their different methodology, an attempt was made to obtain original copies of the base studies to confirm 

their results. They reported outcome measures as p-values for 16 RCT base papers. Only 14 of the 16 base papers were 

obtained. These results for the 14 base papers are presented in Appendix 4, Table A8. 

The research claim, taken from their Abstract, was… “Of sixteen quantitative meta-analyses, eight were equivocal or 

critical as to whether evidence supports a public recommendation of masks, and the remaining eight supported a public 

mask intervention on limited evidence primarily on the basis of the precautionary principle”. The p-value plot for this 

study, showing results from 14 of the 16 base papers is presented in Figure 4b. 
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(a)  (b)  

Figure 4. Meta-analysis p-value plots: (a) 7 RCT base studies (Kim et al. 2022), (b) 14 RCT base studies (Liu et al. 

2021) 

For all the p-value plots presented here (Figures 2, 3, and 4), no evidence was observed of distinct sample distributions 

for true effects between two variables (i.e., p-value points forming a line with a flat/shallow slope, where most (the 

majority) of p-values are small, < 0.05). Again, the reader is referred to Appendix 2 for p-value plots showing true 

effects between two variables. 

The Jefferson et al. (Figure 2a) and Liu et al. (Figure 4b) p-value plots show evidence of distinct sample distributions 

for null effects – chance or random associations – between two variables (i.e., p-value points plot as an approximate 

45-degree line). 

The Xiao et al. (Figure 2b) and Kim et al. (Figure 4a) p-value plots are only based on seven points and yet both show 

evidence of distinct sample distributions for null effects between two variables. The Nanda et al. p-values (Figure 3a) 

plot closer to a 40-degree line; however, it is still clearly supportive of null effects versus true effects. 

The Tran et al. p-value plot (Figure 3b) exhibits a bilinear shape (divides into two lines) – three p-values are small 

(<0.05) and five p-values >0.05 are oriented on an approximate 45-degree line. This data set of test statistics is 

consistent with a two-component mixture and thus a general (overall) claim is unproven. 

Recall, p-values are interchangeable with traditional epidemiology risk statistics (i.e., risk ratios or odds ratios & 

confidence intervals). Table 1 presents a summary of p-values that were estimated for risk statistics drawn from base 

studies used in six meta-analyses. P-values were not estimated for the Ollila et al. (2022) meta-analysis and p-values for 

the Liu et al. (2021) systematic review are not shown. For eight studies listed in Tables 1, A7 (Ollila et al. 2022) and A8 

(Liu et al. 2021), a total of 18 RCT base studies were used across the seven meta-analysis and one systematic review. 

Recall that a meta-analysis first involves a systematic review. The meta-analysis then integrates results of identified 

studies from the systematic review. One would anticipate that well-conducted, independent meta-analyses published 

within the same period examining the same research question – does medical mask use in community settings prevent 

airborne respiratory virus infection – should identify and use similar or even the same base study risk statistics for their 

analysis. Table 1 shows that while most of the base studies identified and used are similar across the meta-analyses, risk 

statistics that are drawn into meta-analysis are not the same for the exact same research question.  

Table 1. Summary of p-values used in six meta-analysis studies 

Meta-analysis: Jefferson et al. Aggarwal et al. Xiao et al. Nanda et al. Tran et al. Kim et al. 

Base study,       

1st Author Year       

Aiello 2010a  0.0369 0.5663 0.1926 0.007  

Aiello 2012 0.4334, 0.7056 0.5046 0.3187 0.4368 0.373 0.3148 

Alfelali 2020      0.7452 



 

 

http://ijsp.ccsenet.org                  International Journal of Statistics and Probability                Vol. 12, No. 4; 2023 

9 

Barasheed 2014 0.0222  0.8815 0.2095 0.0155  

Bundgaard 2020      0.2994 

Canini 2010 0.9367    0.9432  

Cowling 2008 0.8074, 0.8763 0.2812 0.8746 0.8063 0.4417 0.8763 

Jacobs 2009 0.9882      

MacIntyre 2009 0.7342, 0.4456 0.4744 0.9115 0.3404 0.4695 0.8671 

MacIntyre 2015 0.2421, 0.5483      

MacIntyre 2016 0.3868, 0.9939  0.7411 0.485 0.0116  

Simmerman 2011       

Suess 2012 0.36, 0.0241 0.4785 0.0009 0.0167 0.0648 0.0002 

 

Take the Aiello 2010a base study, which is used in four meta-analyses in Table 1. Two meta-analyses used risk statistics 

that are significant (i.e., p-value < 0.05) – Aggarwal et al. and Tran et al. The other two meta-analyses used risk 

statistics that are non-significant (i.e., p-value > 0.05) – Xiao et al. and Nanda et al. Upon further inspection, Aiello 

2010a base study data inputs for estimating risk statistics differed for the meta-analyses.  

Specifically, Aiello 2010a base study number of influenza illness events per number of total subjects for the mask group 

and control group – used for computing risk statistics by the meta-analytic researchers – were as follows:  

 For the Aggarwal et al. & Tran et al. meta-analysis – 99/347 (masks) versus 177/487 (controls) for self-reported 

influenza-like illness (ILI) + laboratory-confirmed influenza. 

 For the Xiao et al. & Nanda et al. meta-analysis – 5/347 (masks) versus 3/487 (controls) for laboratory-confirmed 

influenza only. 

Thus, the different (non-significant versus significant) results relate to whether self-reported ILI was used in their 

calculation. 

4. Discussion 

The objective of this evaluation was to evaluate the reproducibility of research claims in meta-analysis or systematic 

review studies of mask use in community settings to prevent airborne respiratory virus infection. Eight eligible studies – 

seven meta-analyses and one systematic review – were identified and evaluated. These studies were published between 

the period 1 January 2020 to 7 December 2022. P-value plots were constructed to visually inspect the heterogeneity of 

test statistics combined in six of these studies. Table 2 compares research claims made in the seven meta-analysis and 

one systematic review to findings using p-value plots. 

For six p-value plots constructed (five meta-analysis and one systematic review), no evidence of distinct sample 

distributions for true effects between two variables was observed. Five of these plots showed points aligned 

approximately with 45 degrees – indicating null effects. These p-value plots are consistent with chance or random 

associations (i.e., no benefit) for medical mask use in community settings to prevent airborne respiratory virus, 

including COVID, infection. 

One other plot (data set of Tran et al. 2021, Figure 3b) had p-value points divided into two lines; consistent with a 

heterogenic or dissimilar data set (two-component mixture). Here there is insufficient evidence to make a research claim 

because of ambiguity (uncertainty) in the data set used for meta-analysis. P-value plots for two other meta-analysis – 

Aggarwal et al. (2020) and Ollila et al. (2022) – were not constructed because of over-reliance on self-reported 

outcomes (with attendant awareness bias). 
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Table 2. Comparison of meta-analysis research claims to independent results using p-value plots 

Study detail* Study research claim+ Independent finding of p-value plot Research claim supported? 

Cochrane review literature:    

Jefferson et al. (2020) MA no significant benefit null (no) effect yes 

Medical research literature:    

Aggarwal et al. (2020) MA no significant benefit insufficient data to examine unable to determine 

Xiao et al. (2020) MA " null effect yes 

Nanda et al. (2021) MA " null effect yes 

Tran et al. (2021) MA benefit to mask use finding is ambiguous (uncertain) no 

Kim et al. (2022) MA " null effect no 

Ollila et al. (2022) MA " insufficient data to examine unable to determine 

Gray literature:    

Liu et al. (2021) SR [69] no significant benefit null effect yes 

Note: *all studies examined randomized control trials (RCTs) of medical mask versus no mask use in community 

settings for prevention of airborne respiratory (Influenza or COVID) virus infection, + benefit≡reduces respiratory virus 

infection, MA=meta-analysis, SR=systematic review. 

Ample evidence exists of airborne transmission for many respiratory viruses (Wang et al., 2021). These include 

Influenza virus, respiratory syncytial virus (RSV), human Rhinovirus, severe acute respiratory syndrome coronavirus 

(SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), SARS-CoV-2 (COVID), measles virus, 

adenovirus, and enterovirus. 

COVID RNA fragments have been identified and infectious COVID virus has been found in airborne aerosols from 

0.25 to >4 mm (Wang et al., 2021). This is consistent with the Influenza virus, where RNA has been identified in both 

≤5 µm and >5 µm aerosols respired from infected hosts, with more Influenza virus RNA found in the ≤5 µm aerosols 

(Fennelly, 2020; Wang et al., 2021). The World Health Organization chief scientist recently acknowledged that COVID 

was an airborne virus spread by aerosols (Kupferschmidt, 2022). 

These observations highlight the importance of airborne aerosol transmission and infection for respiratory viruses, 

including COVID. Medical mask randomized trials of Influenza infection are directly applicable for understanding the 

benefit of their use to prevent COVID infection. Again, it is not the virus itself but airborne transmission of aerosols or 

droplets containing viruses that is important for infection. 

Where observational data are used in randomized (or even non-randomized) medical intervention studies, a strong 

statistical component is required to establish informative and interpretable intervention−risk/benefit associations. This is 

also the case for research claims made from these associations. For a research claim to be considered valid, it must 

defeat randomness (i.e., a statistical outcome due to chance). 

The p-value plots for five studies – Jefferson et al. (2020), Figure 2a; Xiao et al. (2020), Figure 2b; Nanda et al. (2021), 

Figure 3a; Kim et al. (2022), Figure 4a; Liu et al. (2021), Figure 4b – show results that look random. The findings of 

randomness are consistent with research claims made by Jefferson et al. (2020), Xiao et al. (2020), Nanda et al. (2021), 

and Lui et al. (2021), i.e., no significant benefit to medical mask use (refer to Table 2). 

The p-value plot finding of randomness in Figure 4a is opposite to the research claim of Kim et al. (2022) (benefit to 

medical mask use). This implies irreproducibility of their research claim. The reproducibility of research claims by 

Aggarwal et al. (2020) (no benefit to medical mask use) and Ollila et al. (2022) (benefit to medical mask use) were not 

evaluated because of over-reliance on self-reported outcomes (with attendant awareness bias). 

Overall, p-value plotting supports that meta-analysis of the randomized trials described above fails to demonstrate a 

benefit of medical mask use in community settings to prevent airborne respiratory virus infection. This deficiency has 

been reported in the past (Inglesby et al., 2006; Hardie, 2016) and recently (Drummond, 2022; Miller, 2022; Jefferson et 

al., 2023). This is consistent with studies showing that medical masks efficiently retain large droplets; however, they 
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allow airborne particles and aerosols ≤3 µm or smaller containing viruses to penetrate through the filter material 

(Davis, 1991; Chen & Willeke, 1992; Weber et al., 1993; Oberg & Brosseau, 2008). 

For an intervention to be useful and practical to a population, any benefit of the intervention must be of sufficient 

magnitude to be able to observe a difference between the intervention group and a control group at the population level. 

Consider a natural experiment comparing the countries of Germany and Sweden during the pandemic. Germany had a 

mask mandate for its population whereas Sweden did not. 

Survey data on mask compliance during the pandemic was captured in many countries by the University of Maryland 

(UMD) Social Data Science Center working in collaboration with Facebook (UMD, 2022). One of the daily UMD 

survey questions asked Facebook users ≥18 years old if they wore a mask most or all the time in the previous five 

days. Figure 5 shows Facebook user reported monthly average mask compliance (%) during the second COVID wave – 

October 2020 through to July 2021 – in Germany and Sweden. Figure 5 shows that monthly average mask compliance 

in Germany was never less than 80%; whereas in Sweden it was never more than 21%. 

 

Figure 5. Facebook user reported monthly average mask compliance (%) during the second COVID wave in the 

countries of Germany and Sweden 

Notes: Mask compliance data shown here is averaged from daily data representing percent of Facebook respondents 

that reported wearing a mask most or all the time in the previous 5 days; data downloaded from UMD COVID Trends 

and Impacts Survey (https://gisumd.github.io/COVID-19-API-Documentation/) (UMD, 2022); data were adjusted by 

Facebook for selection biases (i.e., non-response and sampling frame coverage bias). Facebook used survey weights for 

different countries’ regions participating in the survey to adjust data for sampling frame coverage bias (e.g., mask 

wearing differences in Facebook users ≥18 years old and the target population ≥18 years old) (Meta (2022). Thus, while 

the UMD COVID Trends and Impacts Survey data would not be expected to be free of sampling frame coverage bias, 

efforts were made by Facebook to adjust for this bias among different countries’ regions. 

What role might have masks played in COVID outcomes during the second wave? Consider Figure 6, depicting a 

severe pandemic outcome measure – daily new COVID deaths per million population in Germany and Sweden. Figure 

6 was originally derived by another researcher (Miller, 2022) and it was recreated here using data downloaded from the 

WHO Coronavirus (COVID-19) Dashboard (https://covid19.who.int/) (WHO, 2023). It shows that WHO-reported daily 

COVID deaths per million population are not much different during the second wave in the two countries. 

Both countries had considered and implemented a variety of pandemic policies, including masking policies, by the 

second wave of COVID infection (fall 2020). Germany by April 2020 (Schlette et al., 2020) and Sweden by March 

2020 (Claeson & Hanson, 2021a,b) had public policies on masks prior to the second wave. Additional information on 

practices and evolution of Germany and Sweden’s COVID pandemic prevention measures are available elsewhere 

(Schlette et al., 2020; Claeson & Hanson, 2021a,b). 
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Figure 6. Daily new daily COVID deaths per million population during the second wave in Germany and Sweden 

Note: Daily death data downloaded from WHO Coronavirus (COVID-19) Dashboard (https://covid19.who.int/) (WHO, 

2023). 

Public health risk factors for morbidity and mortality are multi-factorial. Numerous features may be at play in the risk 

factor (i.e., airborne respiratory virus)−health outcome (i.e., mortality) chain across a population. These can include 

access to health care, health status, lifestyle, quality of life, standard of living, etc. Germany and Sweden are members 

of the European Union with similar national health policies, and similar laws and standards for health products and 

services (EU, 2023). Both should have had similar health care capacities to respond to the COVID pandemic. 

Also, in 2020 both Germany and Sweden ranked closely in the top 10 countries of the world with the United Nations 

Human Development Index (HDI) – Germany 6th, Sweden 7th (World Population Review, 2023). The United Nations 

HDI tracks measures of life expectancy at birth (health status measure), years of schooling (knowledge measure), and 

gross national income per capita (standard of living measure). 

At the population level, a first impression of Figures 5 and 6 is that mask use had little or no benefit in preventing 

COVID deaths during the second wave. Despite similar health care capacities, similar United Nations’ HDI measures, 

and obvious differences in mask compliance for these countries (Figure 5), WHO-reported daily COVID deaths per 

million population are not much different (Figure 6). 

Absence of evidence does not imply evidence of absence. Undoubtedly, more meta-analysis on the medical 

mask−airborne respiratory virus infection research question, including COVID, will be presented in literature using 

RCTs in the coming years to add to the body of literature. This should allow future researchers to independently 

re-examine and update the medical mask−airborne respiratory virus infection research question. 

5. Conclusions 

Research claims of a benefit for medical mask use in community settings to prevent airborne respiratory virus infection 

were evaluated in eight studies using p-value plots. These studies – seven meta-analysis and one systematic review – 

used randomized control trials and were published between 1 January 2020 and 7 December 2022. No evidence was 

observed for a medical mask benefit in six p-value plots (five meta-analysis, one systematic review). Insufficient data 

were available to construct p-value plots for two other meta-analysis because of over-reliance on self-reported outcomes. 

Independent findings of p-value plotting show that meta-analysis of existing randomized control trials fail to 

demonstrate a benefit of medical mask use in community settings to prevent airborne respiratory virus infection. 
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