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Abstract 
Background Hand hygiene, facemask wearing, and physical distancing play a crucial role in the prevention of the COVID-19 pandemic. Identifying 
the key psychosocial determinants of these precautionary behaviors contributes to effective intervention and policymaking for COVID-19 and 
future pandemics.
Purpose This study aimed to systematically review and meta-analyze available evidence on psychosocial determinants of the general population’s 
practice of three precautionary behaviors, based on the Risk, Attitudes, Norms, Abilities, and Self-regulation (RANAS) framework.
Methods Literature was identified by searching seven databases and relevant review papers. Observational and experimental studies targeting 
the general population (≥18 years) published between January 2020 to September 2021 were included. Pooled effect sizes were calculated with 
the inverse-variance method using random-effects models.
Results A total of 51 studies (64 samples) were included in the qualitative synthesis, of which 30 studies (42 samples) were included in the 
meta-analysis. RANAS-based constructs including knowledge, pros attitudes, and perceived norms were identified as significant determinants 
of all three behaviors in the meta-analysis. Perceived susceptibility and cons attitudes showed no significant associations with any behaviors. 
Perceived severity, perceived control, self-efficacy, and behavioral intention were significantly associated with one or two behaviors. Country 
(western vs. eastern hemispheres) significantly moderated the effects of certain risk and ability factors.
Conclusions More research is needed with respect to the intention–behavior relationship, self-regulatory and reflexive factors of precautionary 
behaviors, as well as the exploration of the potential moderating effect of sociodemographic factors.

Lay summary 
Identifying the psychosocial factors affecting the practice of three precautionary behaviors (hand hygiene, facemask wearing, and physical 
distancing) contributes to effective intervention and policymaking for the COVID-19 and future pandemics. Given the lack of summarized 
evidence, we conducted a systematic review and meta-analysis. Through seven databases and relevant review papers, we summarized 
the research findings of 51 observational studies that targeted the general population (≥18 years) and were published between January 
2020 and September 2021. We found that (a) more knowledge, positive behavioral attitudes, and better compliance with the norms were 
associated with better practices of all three precautionary behaviors; (b) perceived susceptibility to the disease and negative behavioral at-
titudes were not associated with any precautionary behaviors; (c) higher levels of perceived disease severity, perceived behavioral control, 
self-efficacy, and behavioral intention were associated with better practices of one or two behaviors. In addition, we found that country 
(western vs. eastern hemispheres) differed in the relationship between psychosocial factors and behavioral practices. Specifically, both the 
association of perceived susceptibility with hand hygiene and the association of perceived severity with physical distancing were stronger 
among western populations. In contrast, the contribution of self-efficacy on the practice of physical distancing was stronger among eastern 
populations.
Keywords COVID-19 ∙ Psychosocial determinants ∙ Hand hygiene ∙ Facemask wearing ∙ Physical distancing ∙ RANAS model
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Introduction
The novel coronavirus disease (COVID-19) pandemic has 
continued for over 2 years and has had a devastating impact 
globally, with more than 543 million confirmed cases and over 
6.3 million deaths as reported on June 30, 2022 [1]. Recently, 
several effective coronavirus vaccines have been developed. 
Universal vaccination cannot be achieved in the short term 
because of time constraints in the production and delivery of 
the vaccines, and vaccination mobilization for all populations 
(e.g., more than 30% of populations in some countries have 
not been fully vaccinated as of June 30, 2022) [1–3]. Most 
importantly, even following vaccination, there is no guarantee 
of full protection from COVID-19 [4, 5]. Therefore, preven-
tion of COVID-19 infection is still important and continues 
to rely on non-pharmaceutical interventions, particularly in-
dividuals’ precautionary practices.

Performing individual precautionary behaviors including 
hand hygiene, facemask wearing, and physical distancing have 
been a straightforward way to prevent viral transmission and 
inhibit disease spread, with advocacy from many health au-
thorities (e.g., World Health Organization, American Centers 
for Disease Control and Prevention, and National Health 
Commission of the People’s Republic of China) [6–10]. 
Recent policymaker’s guides of some countries also empha-
sized the effectiveness of compliance with the “3W” (Wash 
your hands, Wear a mask, and Watch your distance/keep so-
cial distancing) during the COVID-19 prevention campaign 
[10, 11]. Notwithstanding relevant recommendations and 
mass information campaigns, evidence from many coun-
tries has indicated that not all citizens were fully compliant 
with precautionary behaviors during the pandemic [12, 13]. 
Therefore, identifying psychosocial determinants of precau-
tionary behaviors that are potentially modifiable by interven-
tions is an efficacious approach to promote the enactment of 
such behaviors.

Based on previous psychosocial theories of behavioral 
change, such as the health belief model (HBM) [14], the 
theory of reasoned action (TRA) [15], the theory of planned 
behavior (TPB) [16], and the health action process approach 
(HAPA) [17], an integrated theoretical framework was pro-
posed by Mosler (2012) [18], namely the Risk, Attitudes, 
Norms, Abilities, and Self-Regulation (RANAS) model. The 
RANAS model summarizes the psychosocial components of 
previous theories and recategorizes them into five blocks for 
designing and evaluating behavior change strategies (e.g., in-
formation interventions and persuasive interventions) [18, 
19]. The risk factors block comprises all factors that reflect 
the individuals’ awareness, perception, and understanding of 
health risks (e.g., perceived susceptibility, perceived severity, 
and health knowledge) [14]. The attitudinal factors block in-
cludes the individuals’ positive (pros) or negative (cons) ap-
praisals toward behavior and its consequences (e.g., perceived 
benefits and perceived barriers) [18, 20]. The normative block 
of factors describes the individuals’ convictions about the 
possibility of certain behaviors and their social networks’ per-
ceptions of the behavior, thus creating social pressure to im-
plement that behavior [21–23], while the ability factors block 
represents the individuals’ ability to perform a behavior and 
address target diseases (e.g., self-efficacies, perceived control, 
and health literacy) [24–27]. Finally, the fifth block consists of 
diverse self-regulatory factors ensuring behavioral execution 
and maintenance, such as self-monitoring (i.e., continuous 

evaluation of the behavioral execution with regard to a be-
havioral standard), action planning (i.e., when, where, and 
how she or he adherent to a behavior), and coping planning 
(i.e., what are the possible barriers of behavioral execution 
and what are the corresponding approaches to overcome 
these barriers) [18, 19, 28–30]. In addition, the RANAS 
model proposes that individual behaviors and behavioral in-
tention are not determined only by psychosocial factors, so-
cial contextual factors (e.g., country and cultural differences) 
should also be considered for designing effective interventions 
[18, 19].

The five-block RANAS model has been examined in 
various health behaviors in diverse populations, providing 
an effective and pragmatic framework for designing and 
implementing behavioral interventions [19, 22, 28, 31, 32]. 
Further, studies examining the association of these modifiable 
factors with precautionary behaviors in the general popula-
tion have been prevalent during the COVID-19 pandemic, yet 
available evidence has not been well summarized.

Most reviews have focused on the combination of diverse 
precautionary behaviors (e.g., overall practice of personal 
disinfection, avoidant behaviors, and nutrition supplement), 
whereas the diversity and distinction between these behav-
iors were comparatively ignored [9, 13, 33–37]. For instance, 
some researchers summarized the evidence on knowledge, at-
titudes, and practice (KAP) during the pandemic, providing 
preliminary support for a significant interrelationship between 
KAP concepts [13, 34, 35]. Another paper reviewing studies 
published between December 2019 and February 2021, fo-
cused on the social determinants of adherence to COVID-19 
preventive guidelines [36] and identified the influential role 
of various demographic and social factors. However, the 
above reviews did not focus on specific precautionary be-
haviors (e.g., hand hygiene, facemask wearing, and physical 
distancing). To the best of our knowledge, only one scoping 
review has examined the determinants of physical distancing 
measures during the pandemic, whereas a systematic review 
and quantitative synthesis have not been undertaken [27].

In addition, some studies have shown that the practice of 
these three precautionary behaviors varied across eastern and 
western hemispheres [38–40]. For example, compared with 
people in eastern countries (e.g., China, Japan, and South 
Korea), people in western countries (e.g., European countries 
and USA) are more likely to wash hands frequently and less 
likely to wear facemasks in preventing the transmission of 
COVID-19 [39, 40]. A recent cross-cultural study also indi-
cated that people in Europe had less knowledge and aware-
ness of COVID-19 compared with those in the Asian regions 
as the pandemic began to unfold in 2020 [41]. However, 
the impact of cross-country differences on the association 
between COVID-19 precautionary behaviors and their psy-
chosocial determinants has not been examined in a summary 
review and meta-analysis.

Taken together, a better understanding and systematic 
identification of the modifiable factors for the specific precau-
tionary behaviors is needed in order to design effective and 
tailored interventions. This is also necessary and beneficial 
for governmental policymaking to support efficient organiza-
tion, implementation, and evaluation of precautionary behav-
iors promotion programs [42]. Therefore, the current study 
aimed to systematically review and meta-analyze relevant evi-
dence on the association of RANAS-based psychosocial con-
structs with each of the three precautionary behaviors (hand 
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hygiene, facemask wearing, and physical distancing) during 
the COVID-19 pandemic in the general population (aged ≥ 18 
years). Furthermore, the moderating role of country (eastern 
vs. western hemispheres) in the relationship between psycho-
social determinants and precautionary behaviors was also 
examined.

Methods
Search Strategy and Study Selection
The present systematic review and meta-analysis were under-
taken following the Cochrane guidelines and the results were 
reported according to the PRISMA statement [43]. The sys-
tematic review protocol has been prospectively registered on 
PROSPERO (Ref. CRD42020214966). According to a pre-
defined literature search strategy (Supplementary Material 
1), the following five databases were searched electronically: 
PsycINFO, PubMed, MEDLINE (using the EBSCOhost), 
EMBASE (using the Ovid platform), and Cochrane Library. 
Further, two databases were hand-searched, including the 
PROSPERO registry platform (COVID-19 theme) and 
ClinicalTrials.gov. In addition, the reference lists of relevant 
systematic reviews were also screened. Since the COVID-19 
pandemic was first announced by the WHO on December 
31, 2019 [1], the search span was limited from January 
1, 2020 to September 30, 2021 (first-wave search was 
up to February 28, 2020 and second-wave search was by 
September 30, 2021). The literature search was limited to 
human participants and was not limited to specific publica-
tion languages.

Following the PICOS principles, the study selection criteria 
included: (a) Population: studies targeting the general popu-
lation (≥18 years) of any gender were eligible for inclusion. 
Considering that health professionals (e.g., frontline nurses, 
medical staff, and healthcare workers) directly participated 
in the control of the COVID-19 pandemic and were pre-
sumed to be better equipped with self-protective measures, 
the target population in the present study excluded health 
professionals. (b) Intervention/exposure: studies targeting 
the individual precautionary behaviors in response to the 
COVID-19 pandemic were included. (c) Comparison: not 
applicable in the present study. (d) Outcomes of interest: 
studies focusing on the practice of three individual precau-
tionary behaviors (i.e., hand hygiene, facemask wearing, or 
physical distancing) toward the COVID-19 pandemic and 
RANAS-based psychosocial determinants of these precau-
tionary behaviors were included. In our study, hand hygiene 
refers to washing hands with soap, water, or alcohol-based 
hand rub, and other hand disinfection behaviors, while 
facemasks included surgical masks, N95 respirators, and 
other cloth face covering. Physical distancing denotes di-
verse physical avoidant behaviors (e.g., staying out of 
crowded places and avoiding mass gatherings), and keeping 
at least 1-m space between people, while excessive physical 
distancing behaviors (e.g., avoided hospitals or clinics) and 
self-isolation/mandatory quarantine due to inflection of the 
COVID-19 were excluded. Studies that measured the com-
bined preventive practice (e.g., KAP) without data for each 
single precautionary behavior were excluded. (e) Study types: 
observational studies (e.g., cross-sectional and cohort) and 
experimental/quasi-experimental studies (e.g., randomized 
controlled trial) were eligible for inclusion, while editorials 
and pure qualitative assessments were excluded. In addition, 

we only included full-text articles that contained primary 
data and could be retrieved through online databases, library 
requests, or email correspondence with the authors.

All identified publications were exported into reference 
management software (Mendeley) for duplication checking 
and further screening. Following the de-duplication, the 
titles and abstracts of all identified publications were ini-
tially screened by three reviewers (W.L., D.P., and J.J.), where 
clearly irrelevant publications were excluded. At the stage of 
the full-text eligibility screen, two reviewers (W.L. and D.P.) 
independently reviewed the publications remaining after the 
initial screen. Disagreements during the review process were 
resolved by consensus or by involving a third reviewer.

Data Extraction
Based on the study selection criteria, data from all eligible 
publications were exported to Microsoft Excel 2016. DP/
XW extracted the information, including authors, publica-
tion date, study design, region, sample characteristics (age, 
gender), precautionary behavior measured, RANAS-based 
psychosocial components, theories reported, and the main 
results on the association between RANAS-based constructs 
and precautionary behavior (e.g., effect estimates, associated 
95% confidence intervals [CI], and standardized errors [SE]).

Study Quality Assessment
Two reviewers (W.L. and F.L.) independently evaluated the 
quality of each included study using the National Institute 
of Health (NIH) quality assessment tool for observational 
cohort and cross-sectional studies [44]. The NIH quality as-
sessment tool determines study quality using 14 criteria (e.g., 
clarity of research questions, appropriateness of study popu-
lation, sample size justification, quality of outcome measures, 
and accuracy of statistical analysis). Overall study quality was 
judged using four categories: “high = satisfying all assessed 
parameters,” “good = did not satisfy one parameter,” “mod-
erate = did not satisfy two to four parameters,” and “poor = 
did not satisfy more than four parameters” [45]. In addition, 
we planned to use the Cochrane risk of bias tool (Version 
2) for randomized controlled trials [46]; however, no eligible 
randomized trials were identified in our search.

Data Synthesis and Meta-analysis
Meta-analyses were conducted if at least three samples pro-
vided effect sizes of the association for the same parameters 
[47]. Otherwise, a narrative synthesis was conducted. In the 
meta-analysis, the adjusted odds ratio (OR) was used as the 
effect size measure. Several studies used multivariate linear 
regression, so the regression coefficients (beta) and their 
standard errors (SE) were extracted to calculate the ORs with 
95% CI (beta = logOR) [48]. For studies reporting other ad-
justed effect sizes (e.g., Cohen’s f2), the data was arithmet-
ically converted to OR using a spreadsheet [49]. For studies 
with multiple effect sizes in a particular scope of outcomes 
(e.g., different physical distancing behaviors), the weighted 
arithmetic averaging approach was used to pool the effect 
sizes in a synthesized size [50]. The pooled effect size with 
95% CI was estimated using the inverse-variance method 
under the random-effects model assumption. The percentage 
of total variation across the studies due to heterogeneity 
(Cochran’s Q-statistic) was used to calculate the I2 statistics, 
with I2 values of 25%, 50%, and 75% indicating small, mod-
erate, and large degrees of heterogeneity, respectively [51].

http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
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Publication bias was identified using funnel plots and Egger’s 
regression tests [52]. Sensitivity analyses were conducted on 
study quality and study design to evaluate the robustness of 
the summary estimates and determine whether a particular 
study accounted for the heterogeneity. In addition, we exam-
ined the potential sources of heterogeneity by stratifying the 
meta-analyses for different subgroups (i.e., country: western vs. 
eastern hemispheres) in case the number of included samples is 
≥10 [53]. The analyses were conducted using Review Manager 
5.4 and R (R Core Team, 2013), with a statistical significance 
threshold of p value <.05 for overall effect examination, and 
<.10 for tests of heterogeneity and publication bias [24, 52].

Results
Study Selection and Characteristics
The search resulted in 61,319 potentially relevant records 
(Figure 1). A total of 51 studies (k) with 191,772 general adults 

(n) were included in the systematic review (47 cross-sectional 
and 4 longitudinal), among which 30 studies (n = 118,986) 
provided eligible data for the meta-analysis (references are at-
tached in Supplementary Material 2). As shown in Table 1, 
these 51 studies contained 64 different samples (42 samples 
were included in the meta-analysis), most of which were in the 
western countries (62.5%; e.g., the USA, Canada, UK, France, 
and Australia). For individual precautionary behaviors, phys-
ical distancing raised the most interest (k = 39), while many 
studies also focused on hand hygiene (k = 24) and facemask 
wearing (k = 22). Among the included studies, the rate of 
participants practicing hand hygiene, facemask wearing, 
and physical distancing was 26.3%–96.6%, 18.5%–96.4%, 
and 18.0%–98.0%, respectively (i.e., answering “Yes” in 
the binary 1/0 scale, and scoring 4–5 in the 5-point Likert 
scale, and 3–4 in the 4-point Likert scale for behaviors). 
For the RANAS-based psychosocial constructs, most of the 
studies focused on the risk factors (k = 44), followed by the 

Fig. 1. PRISMA flow diagram.

http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
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Table 1. Study Characteristics

Characteristics No. of studies Percentages (%) 

51 100.00

Publication year

 � 2020 24 47.1

 � 2021 27 52.9

Region of samples (s = 64)

 � Western culture 40 62.5

  �  America (i.e., USA, Canada, Columbia, Mexico) 20 50.0

  �  Europe (i.e., UK, Belgium, France, Switzerland, etc.) 14 35.0

  �  Oceania (i.e., Australia and New Zealand) 2 5.0

  �  Africa (i.e., Ethiopia, Sierra Leone and South Africa) 4 10.0

 � Eastern culture 24 37.5

  �  Middle east (i.e., Qatar and Saudi Arabia) 2 3.1

  �  Southeast Asia (i.e., China, Korea, Indonesia, etc.) 22 33.8

Study design

 � Cross-sectional 47 92.2

 � Longitudinal 4 7.8

Behavioral outcome measures

 � Hand hygiene 24 47.1

 � Facemask wearing 22 43.1

 � Physical distancing 39 76.5

RANAS-based psychosocial constructs

 � Risk factor block 44 86.3

  �  Knowledge 20 45.5

  �  Perceived severity 22 50.0

  �  Perceived susceptibility 25 56.8

  �  Overall risk perception/awareness/threat 7 15.9

 � Attitudinal factor block 26 51.0

  �  Pros (e.g., perceived effectiveness, benefits) 23 88.5

  �  Cons (e.g., perceived barriers) 5 19.2

  �  Overall (pros + cons) 3 11.5

 � Normative factor block 14 26.9

  �  Perceived norms 14 26.9

  �  Others (e.g., moral) 1 1.9

 � Ability factor block 21 41.2

  �  Perceived control 8 38.1

  �  Self-efficacy 15 71.4

  �  Health literacy (actional knowledge) 1 4.8

 � Self-regulation factor block 2 3.8

  �  Action planning 2 3.8

  �  Coping planning 2 3.8

  �  Action control 1 1.9

Theoretical backdrop reported

 � Not reported 12 23.5

 � Reported (e.g., HBM, TPB, KAP, PMT) 39 76.5

Study quality

 � High 8 15.7

 � Good 26 51.0

 � Moderate 17 33.3

 � Poor 0 0

HBM health belief model; TPB theory of planned behavior; KAP knowledge, attitude, and practice framework; PMT protection motivation theory.
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attitudinal factors (k = 26), while only two studies examined 
the self-regulatory factors, and six studies examined the inten-
tion–behavior relationship. About 76.5% of included studies 
explicitly indicated the theoretical frame for the examination, 
where the top two theories were the HBM (k = 14) and the 
TPB (k = 10) (Supplementary Material 2).

Study Quality Assessment
As presented in Table 1, 34 studies (66.7%) were rated as 
high (k = 8) and good quality (k = 26), while 16 studies 
(33.3%) were assessed as moderate quality with no poor-
quality studies. Among studies with good and moderate 
quality (k = 43), the major weakness included (a) no/inad-
equate description/justification for the sample size estimate (k 
= 36, 83.7%), (b) no/inadequate statement for the definition, 
reliability, and validity of outcome measures (k = 17, 39.5%), 
(c) no adjustment/analysis or justification for the covariates 
and confounders (k = 8, 18.6%), and (d) no clearly stated 
inclusion/exclusion criteria of participant recruitment (k = 6, 
14.0%). Complete details for study quality are presented in 
Supplementary Material 3.

Psychosocial Determinants of Hand Hygiene
A total of 24 studies (k) describing 32 samples (s) with 148,192 
participants examined the psychosocial factors of hand hy-
giene, covering the intention–behavior relationship and four 
components of the RANAS model (i.e., risk factors, attitu-
dinal factors, normative factors, and ability factors). Of these, 
16 studies (s = 24) reported data for the effect size synthesis 
(n = 102,030). Forest plots can be found in Supplementary 
Material 4 (Supplementary Fig. SA1–SA7).

Intention–behavior relationship for hand hygiene
One study examined the association between behavioral in-
tention and hand hygiene behavior, supporting a significant 
positive intention–behavior relationship (OR = 1.91, 95% 
CI = [1.17–3.13]) [54].

Risk factors for hand hygiene
A total of 23 studies investigated the risk factors of hand hy-
giene, including knowledge (k = 11), perceived susceptibility 
(k = 14), perceived severity (k = 13), and overall risk percep-
tion (k = 2). For the meta-analysis, 13 studies (s = 21) provided 
eligible data. As shown in Table 2, the pooled effect size was 

statistically significant for knowledge (OR = 1.25, p = .008), 
while the association was not statistically significant for per-
ceived severity (OR = 1.06, p = .06) and perceived suscepti-
bility (OR = 1.02, p = .57). There was large heterogeneity in 
the magnitude of effect sizes for these risk factors across the 
included samples (I2 = 86%–92%, all p < .001). Two studies 
measured the overall risk perception (susceptibility + severity) 
and were included only in the narrative analysis. A consistent 
and significant positive association between overall risk per-
ception and hand hygiene practice was indicated in these two 
studies [55, 56].

Subgroup analyses revealed that country (western vs. eastern 
hemispheres) significantly modified the effects of perceived sus-
ceptibility on the behavioral practice, while no significant sub-
group effect was found for perceived severity (Qsubgroup difference = 
0.51, I2 = 0%, p = .47). In particular, the contribution of per-
ceived susceptibility on hand hygiene was significant and stronger 
among western samples (OR = 1.16 [1.01, 1.33], p = .04; Q = 
53.89, I2 = 85%, p < .001), while the relationship with this be-
havioral practice was negative and nonsignificant among eastern 
samples (OR = 0.92 [0.83, 1.02], p = .11; Q = 93.45, I2 = 93%, 
p < .001; Qsubgroup difference = 6.93, I2 = 85.6%, p = .008).

Attitudinal factors for hand hygiene
Seventeen studies examined the attitudinal correlates of hand 
hygiene, covering pros (e.g., perceived benefits, perceived ef-
fectiveness; k = 15), cons (e.g., perceived barriers; k = 3), and 
overall attitudes (pros + cons; k = 1). Ten studies (s = 13) pro-
vided data for the quantitative synthesis. A pooled analysis re-
vealed that the association with hand hygiene was statistically 
significant for pros (OR = 1.35, p < .001), while marginally 
significant for cons (OR = 0.87, p = .05; Table 2). Moderate-
to-large heterogeneity of effect sizes was found between 
samples (I2 = 66%–93%, all p < .001). A positive significant 
association between overall attitudes and hand washing was 
reported in one study which was excluded from the meta-
analysis [57]. For subgroup analyses, we found that country 
did not show a significant moderating role in the association 
between pros attitudes and hand hygiene (Qsubgroup difference = 
0.63, I2 = 0%, p = .43).

Normative factors for hand hygiene
Four studies examined the contribution of perceived norms 
on hand hygiene [19, 54, 57, 58]. The quantitative synthesis 

Table 2. Meta-analysis on the Association of RANAS-Based Psychosocial Constructs With Hand Hygiene

Psychosocial constructs k s n OR [95% CI] Z Q I2 (%) Egger’s test 

Risk factors

 � Knowledge 5 5 6,741 1.25** [1.06, 1.48] 2.66 49.11 92 0.85

 � Perceived susceptibility 9 17 90,857 1.02 [0.94, 1.12] 0.57 176.36 91 −0.44

 � Perceived severity 7 15 90,001 1.06† [1.00, 1.13] 1.88 97.36 86 −1.56

Attitudinal factors

 � Pros 10 13 85,609 1.35*** [1.21, 1.52] 5.27 183.51 93 2.95

 � Cons 3 6 73,363 0.87† [0.76, 1.00] 1.94 14.87 66 −0.17

Normative factors

 � Perceived norms 3 3 4,623 1.28* [1.06, 1.55] 2.58 7.58 74 0.14

Ability factors

Self-efficacy 3 6 72,621 1.66** [1.16, 2.37] 2.76 136.13 96 −1.52

***p < .001, ** p < .01, * p < .05, †p < .10.

http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
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of three studies (s = 3) indicated a statistically significant as-
sociation between perceived norms and behavioral practice 
(OR = 1.28, p = .01), with a moderate-to-high heterogeneity 
of effect sizes (I2 = 74%, p = .02). Subgroup analyses were not 
applicable due to lack of sufficient samples.

Ability factors for hand hygiene
Six studies investigated the association of hand hygiene with 
ability factors, including self-efficacy (k = 4), perceived control 
(k = 3), and health literacy (k = 1). For self-efficacy, a pooled 
analysis of three studies (s = 6) revealed a significant associ-
ation with behavior practice (OR = 1.66, p = .006), showing a 
large heterogeneity of effect sizes (I2 = 74%, p < .001). Three 
studies that were excluded from the meta-analysis due to lack 
of eligible data, showed mixed results in terms of the associ-
ation between perceived control and hand hygiene [54, 57, 
58]. One study indicated a significantly inverse association of 
health literacy with hand hygiene (PR = 0.76, 95% CI = [0.68, 
0.86], p < .001) [59]. Subgroup analyses were not applicable 
due to lack of enough samples.

Psychosocial Determinants of Facemask Wearing
A total of 24 studies (k) describing 28 samples (s) with 37,201 
participants examined the psychosocial correlates of facemask 
wearing, containing the intention–behavior association and 
four components of the RANAS model (i.e., risk factors, at-
titudinal factors, normative factors, and ability factors). Of 
these, 13 studies (s = 19) were included in the meta-analysis 
(n = 21,137). Forest plots can be found in Supplementary 
Material 4 (Supplementary Fig. SB1–SB6).

Intention–behavior relationship for facemask wearing
One study examined the association between behavioral in-
tention and facemask wearing, indicating a nonsignificant in-
tention–behavior relationship (OR = 1.38, p = .13) [60].

Risk factors for facemask wearing
Seventeen studies examined the association of facemask 
wearing with three risk factors, specifically, knowledge (k = 
10), perceived susceptibility (k = 11), and perceived severity 
(k = 12), among which, 9 studies (s = 15) reported available 
data for the quantitative synthesis. The pooled analysis re-
vealed that facemask wearing was significantly associated 
with knowledge (OR = 1.34, p = .01), yet not with perceived 
susceptibility (OR = 1.04, p = .30) or perceived severity 

(OR = 1.02, p = .28). The heterogeneity in the magnitude 
of effect sizes for these risk factors between the included 
samples ranged from moderate-to-large (I2 = 68%–88%, all 
p < .001; see Table 3).

Subgroup analyses were conducted on perceived suscepti-
bility and severity. We found that the associations between 
perceived susceptibility (OR = 1.04 [1.01, 1.08], p = .01; 
Q = 2.92, I2 = 0%, p = .57) and perceived severity (OR = 
1.04 [1.01, 1.07], p = .02; Q = 4.21, I2 = 5%, p = .38) with 
facemask wearing were significant in western samples, with 
heterogeneity decreasing to nonsignificance. Among eastern 
samples, the overall effect sizes were still nonsignificant. By 
contrast, the associations between this behavioral practice 
and perceived susceptibility (Qsubgroup difference = 0.01, I2 = 0%, 
p = .98) and perceived severity (Qsubgroup difference = 0.08, I2 = 0%, 
p = .78) were not moderated by country.

Attitudinal factors for facemask wearing
Fourteen studies examined the association between 
facemask wearing and attitudinal factors, where the posi-
tive aspects of attitudes (e.g., perceived importance, benefits, 
and effectiveness of preventive behavior) were measured in 
all included studies, while the negative aspect (i.e., perceived 
barriers) was only evaluated in one study [54]. For the posi-
tive aspect, a pooled analysis of eight studies (s = 9) revealed 
a significant association with facemask wearing practice 
(OR = 1.27, p < .001), showing a large heterogeneity of ef-
fect sizes across the included samples (I2 = 93%, p < .001). 
A nonsignificant correlation of behavior and perceived bar-
riers was identified (β = −0.04, 95% CI = −0.12 to 0.04, 
p = .28) [61]. Subgroup analyses were not applicable due to 
the limited samples.

Normative factors for facemask wearing
Five studies examined the contribution of perceived norms 
on the practice of facemask wearing. A pooled analysis of 
three studies (s = 4) indicated a significant association (OR = 
1.30, p = .002), with large heterogeneity (I2 = 92%, p < .001). 
Subgroup analyses were not applicable due to the limited 
samples.

Ability factors for facemask wearing
Five studies investigated the association between facemask 
wearing and ability factors, including perceived control (k = 

Table 3. Meta-analysis on the Association of RANAS-Based Psychosocial Constructs With Facemask Wearing

Psychosocial constructs k s n OR [95% CI] Z Q I2 (%) Egger’s test 

Risk factors

 � Knowledge 4 4 4,162 1.34** [1.07, 1.69] 2.54 9.24 68 0.46

 � Perceived susceptibility 8 14 13,415 1.04 [0.97, 1.11] 1.03 106.54 88 −0.44

 � Perceived severity 8 14 13,415 1.02 [0.98, 1.07] 1.07 42.11 69 0.73

Attitudinal factors

 � Pros 8 9 13,686 1.27*** [1.13, 1.43] 3.97 109.25 93 0.41

Normative factors

 � Perceived norms 3 4 3,850 1.30** [1.10, 1.54] 3.04 35.55 92 −0.54

Ability factors

 � Perceived control 2 3 2,846 1.33 [0.93, 1.90] 1.54 92.93 98 10.83

***p < .001, ** p < .01.

http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
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2) and self-efficacy (k =3). For perceived control, the meta-
analysis with three samples indicated a nonsignificant associ-
ation (OR = 1.33, p = .12), with a large level of heterogeneity 
(I2 = 98%, p < .001). For self-efficacy, three studies in the nar-
rative synthesis indicated inconsistent findings on the associ-
ation with behavioral practice (two nonsignificant and one 
positive significant) [60, 62, 63].

Psychosocial Determinants of Physical Distancing
For physical distancing, 38 studies (k) describing 45 samples 
(s) with 142,129 participants were examined, covering the 
intention–behavior relationship and all blocks of RANAS-
based psychosocial correlates. Of these, 19 studies (s = 23) 
were included in the meta-analysis (n = 102,500). Forest plots 
can be found in Supplementary Material 4 (Supplementary 
Fig. SC1–SC8).

Intention–behavior relationship for physical distancing
Five studies examined the association between behavioral 
intention and physical distancing, and a significant positive 
intention–behavior relationship was found in four of these 
studies [64–67]. The remaining study indicated mixed results, 
where the intention was significantly associated with keeping 
>2m outside and not visiting friends/family, yet not with 
limiting leave home and keeping > 2m inside [47].

Risk factors for physical distancing
Thirty-three studies examined the contribution of risk factors 
on physical distancing, covering knowledge (k = 14), per-
ceived susceptibility (k = 19), perceived severity (k = 15), and 
overall risk perception (k = 5). Sixteen studies (s = 21) were in-
cluded in the meta-analysis and showed a statistically signifi-
cant association of physical distancing with knowledge (OR 
= 1.14, p = .02) and perceived severity (OR = 1.20, p < .001), 
yet not with perceived susceptibility (OR = 1.04, p = .28). The 
heterogeneity of the effect sizes was large across the included 
samples (I2 = 80%–89%, all p < .001; see Table 3). A higher 
overall risk perception/perceived threat was found to be posi-
tively associated with the practice of physical distancing in 
five studies, which did not offer adjusted effect estimates and 
thus were excluded from the quantitative synthesis [56, 65, 
68–70].

For subgroup analyses, we found that country was a signifi-
cant moderator of the effect of perceived severity on physical 
distancing, yet not in perceived susceptibility (Qsubgroup difference 
= 2.14, I2 = 53.2%, p = .14). Particularly, the contribution 
of perceived severity on physical distancing was stronger in 
western samples (OR = 1.31 [1.16, 1.48], p < .001; Q = 68.57, 
I2 = 91%, p < .001) compared with eastern samples (OR = 
1.13 [1.12, 1.27], p < .001; Q = 47.86, I2 = 85%, p < .001; 
Qsubgroup difference = 4.13, I2 = 75.8%, p = .04).

Attitudinal factors for physical distancing
Seventeen studies examined the association of physical 
distancing with attitudinal factors, including pros (k = 16), 
cons (k = 5), and overall attitudes (k = 1). For the meta-
analysis, the pooled effect was found to be significant for 
pros (OR = 1.32, p < .001), yet not for cons (OR = 0.96, 
p = .31; see Table 3). There was large heterogeneity in the 
effect sizes for pros (I2 = 94%, p < .001), however, the cons 
had a nonsignificant estimate (I2 = 44%, p = .10). One study 
indicated significant correlations between overall attitudes 

and the practice of diverse physical distancing behaviors 
(r = .16 to .32, all p < .01) [57]. Nonsignificant subgroup 
differences were identified in the post hoc test, indicating 
that country did not significantly modify the effects of pros 
(Qsubgroup difference = 0.90, I2 = 0%, p = .34) and cons (Qsubgroup 

difference = 0.02, I2 = 0%, p = .90) on the practice of physical 
distancing.

Normative factors for physical distancing
Nine studies examined the contribution of perceived norms 
on physical distancing. A pooled analysis of five studies 
(s = 5) with effect size information indicated a significant 
norm-behavioral relationship (OR = 1.05, p = .03), with 
nonsignificant heterogeneity of effect sizes across the samples 
(I2 = 15%, p = .32; see Table 3). Subgroup analyses were not 
undertaken due to inadequate samples.

Ability factors for physical distancing
Sixteen studies investigated the association between ability 
factors and physical distancing, including perceived control 
(k = 6) and self-efficacy (k = 12). For perceived control, the 
meta-analysis of four studies (s = 4) indicated a significant 
overall effect (OR = 1.23, p = .007), with a large level of het-
erogeneity (I2 = 92%, p < .001). For self-efficacy, similar find-
ings were found in seven studies (s = 10; OR = 2.01, p < .001; 
I2 = 95%, p < .001).

Results of subgroup analyses revealed that country was a 
significant moderator of the effect of self-efficacy on physical 
distancing. Specifically, the relationship between self-efficacy 
and physical distancing was weaker in western samples (OR 
= 1.76 [1.50, 2.07], p < .001; Q = 42.46, I2 = 86%, p < .001) 
relative to eastern samples (OR = 2.56 [2.39, 2.75], p < .001; 
Q = 2.56, I2 = 22%, p = .28; Qsubgroup difference = 17.46, I2 = 
94.3%, p < .001).

Self-regulation factors for physical distancing
Three articles, describing two studies, focused on the 
self-regulation factors of physical distancing (i.e., action 
planning, coping planning, and self-monitoring) [65, 66, 71]. 
Beeckman et al. (2020) conducted a cross-sectional survey 
among Belgian adults and found that both action planning 
(β = 0.50–0.84, p < .001) and coping planning (β = 0.30–0.59, 
p < .001) showed a significant association with adhering to 
“keep a 1.5 m physical distance” in the multiple regression 
models [65]. However, mixed findings were presented in an-
other two-wave prospective study with Australian and US 
adults [66, 71]. The researchers found that although action 
planning, coping planning, and self-monitoring showed a 
significant zero-order correlation with physical distancing 
(r = .24–.67, p < .001), their direct effects on physical 
distancing were not significant when adding other HAPA-
based variables in the structural equation model (|β| < 0.17, 
p = .15–.97) [71].

Publication Bias and Sensitivity Tests
Publication bias was assessed for all psychosocial determin-
ants. Based on the inspection of funnel plots and Egger’s 
tests, we found no evidence of significant publication bias 
(all p > .10; see Tables 2–4; Supplementary Material 5). 
Consistent findings without apparent fluctuation were re-
vealed in sensitivity tests on study quality and study design, 
supporting the stability of the results.

http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
http://academic.oup.com/abm/article-lookup/doi/10.1093/abm/kaac049#supplementary-data
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Discussion
The purpose of this large international systematic review 
and meta-analysis was to examine the relationship between 
RANAS-based psychosocial determinants and the general 
population’s practice of hand hygiene, facemask wearing, 
and physical distancing during the COVID-19 pandemic. 
We found that RANAS-based constructs varied in the re-
lationship with the three precautionary behaviors, and 
country (western vs. eastern) showed a moderating role 
in the effects of specific psychosocial determinants on be-
havioral practice. A summary of the overall findings is pre-
sented in Table 5.

Collectively, this review compiled data from 191,772 par-
ticipants (aged ≥ 18 years) in 64 samples across 51 studies, 
covering all continents. The majority of studies were assessed 

as good and high quality. Thus, the available sample of 
studies represents a rich dataset to appraise the state of cur-
rent evidence in an attempt to organize the findings and 
propose areas for future research [72]. Importantly, there 
was no evidence of significant publication bias among the 
included studies and the sensitivity test indicated no statis-
tically significant relationships between the magnitude of ef-
fects and study quality, allowing for robust generalization of 
the findings.

Interestingly, unlike physical activity and other health be-
haviors, the intention–behavior relationship was only exam-
ined in a few studies on precautionary behaviors. We found 
that the behavioral intention was significantly associated with 
hand hygiene (k = 1) and physical distancing (k = 4/5), but 
not with facemask wearing (k = 1). More research on the 

Table 4. Meta-analysis on the Association of RANAS-Based Psychosocial Constructs With Physical Distancing

Psychosocial constructs k s n OR [95% CI] Z Q I2 (%) Egger’s test 

Risk factors

 � Knowledge 5 5 7,484 1.14* [1.02, 1.28] 2.29 19.91 80 0.52

 � Perceived susceptibility 13 17 95,016 1.04 [0.97, 1.10] 1.08 91.32 82 1.03

 � Perceived severity 11 15 91,884 1.20*** [1.13, 1.27] 5.76 126.12 89 1.99

Attitudinal factors

 � Pros 12 15 86,769 1.32*** [1.18, 1.47] 4.99 231.29 94 3.33

 � Cons 4 7 73,763 0.96 [0.88, 1.04] 1.01 10.79 44 −1.84

Normative factors

 � Perceived norms 5 5 5,426 1.05* [1.01, 1.10] 2.21 4.70 15 1.41

Ability factors

 � Perceived control 4 4 5,636 1.23** [1.06, 1.42] 2.68 35.60 92 4.25

 � Self-efficacy 7 10 79,044 2.01*** [1.67, 2.41] 7.47 185.85 95 −2.56

***p < .001, ** p < .01, * p < .05.

Table 5. A Summary of the Quantitative and Qualitative Synthesis

RANAS-based constructs Hand hygiene adherence Facemask wearing adherence Physical distancing adherence 

Behavioral intention sig+ (narrative) ns (narrative) sig+ (narrative)

Risk factor block

 � Knowledge sig+ sig+ sig+

 � Perceived susceptibility nsa ns ns

 � Perceived severity ns ns sig+a

Attitudinal factor block

 � Pros sig+ sig+ sig+

 � Cons ns ns (narrative) ns

Normative factor block

 � Perceived norms sig+ sig+ sig+

Ability factor block

 � Perceived control Mixed (narrative) ns sig+

 � Self-efficacy sig+ Mixed (narrative) sig+b

Self-regulation factor block

 � Action planning n/a n/a Mixed (narrative)

 � Coping planning n/a n/a Mixed (narrative)

 � Action control n/a n/a Mixed (narrative)

ns nonsignificant association; sig+ positive significant association; n/a not applicable.
aThe association with the precautionary behavior may be weaker among eastern samples compared with western samples.
bThe association with the precautionary behavior may be stronger among eastern samples compared with western samples.
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intention–behavior relationship targeting precautionary be-
haviors is needed.

Risk factors were the most frequently investigated con-
structs among the included studies. Knowledge was identi-
fied as a consistent correlate of all three behaviors, providing 
quantitative support to earlier reviews that found a “convin-
cing” positive association between knowledge and preventive 
practices [13, 34–36]. The above findings imply the usefulness 
of information campaigns on promoting preventive behaviors 
during the COVID-19 pandemic. Knowledge-enhancing strat-
egies [73], such as presenting information about the circum-
stances and possibilities of contracting the disease, would be 
appropriate and essential.

Interestingly, perceived susceptibility did not show a sig-
nificant relationship with any of these behaviors, and per-
ceived severity was only associated with physical distancing. 
Similar findings have also been found in previous review 
papers, where perceived susceptibility and severity showed 
weak and indirect impacts on the behavioral changes, espe-
cially with the inclusion of other psychosocial determinants 
(e.g., attitudes and self-efficacy) [74, 75]. It has been sug-
gested that the relationship between precautionary practices 
and susceptibility and severity beliefs might be moderated or 
hindered by various factors (e.g., type of target behaviors, 
demographics, other covariates, and measurement period) 
[14, 74].

Some researchers have also suggested that after individ-
uals have adopted certain preventive behavior, they should 
logically perceive themselves as less susceptible to negative 
health outcomes. This process would result in a negative asso-
ciation between susceptibility and the likelihood of adopting 
the target behavior [14]. The same could be true for severity 
if the target behavior reduced the severity of the illness or 
pandemics [14, 74]. Taken together, our findings suggest that 
such “threat” components could be used sparingly in inter-
ventions, especially compared with knowledge.

Aligning with earlier reviews and meta-analyses, pros atti-
tudes (e.g., perceived effectiveness and benefits of behavior) 
showed a stable and significant association with all studied 
precautionary behaviors [13, 36]. It is worth noting that 
cons attitude (e.g., perceived barriers) was not a salient de-
terminant with any behaviors in our study. For hand hygiene 
and physical distancing, the behavioral practice might not be 
perceived as too challenging, particularly considering the situ-
ation that communities and societies have taken strict sani-
tization measures (e.g., provision of hand sanitizers in public 
and implementation of physical distancing policy) [76, 77]. 
For facemask wearing, only one study provided evidence for a 
nonsignificant association between perceived barriers and be-
havioral practice. More studies on this relationship are needed 
(e.g., perceived shortage of mask supply may affect the behav-
ioral practice). Overall, our findings are commensurate with 
communication theories that highlight an emphasis on pros 
over cons [78]. When combined with knowledge, this suggests 
a focus on causal explanations/persuasive arguments of high 
positive expectancies and appropriate persuasive peripheral 
cues [18], when designing the intervention content.

It should be noted that some theories (e.g., multi-process 
action control and reasoned action approach) emphasize atti-
tudes as containing effective (e.g., “pleasant, enjoyable”) and 
cognitive/instrumental dimensions (e.g., “beneficial, useful”) 
[79] and several studies have demonstrated how the effective 
dimension may have superior predictive utility [80, 81]. While 

our meta-analysis did not contain enough studies using these 
attitudinal dimensions to explore these potential distinctions, 
they may distinguish COVID-19 precautionary behaviors 
(e.g., mask-wearing practices may be explained by variability 
in affective attitude). These components of attitude should be 
examined in future research.

Perceived norms were also identified as a prominent de-
terminant of all three precautionary behaviors in our study. 
Considering the special societal context of these precau-
tionary behaviors (i.e., others depend on the behaviors to 
reduce infection during the COVID-19 pandemic), it is not 
surprising that these behaviors were found to be associated 
with norms. This is different than other individual health 
behaviors, such as exercise, dietary behavior, and alcohol, 
where norms are often less associated with behavioral change 
[82]. It is noteworthy that we focused on the general concept 
of norms (e.g., social normative pressure) rather than the 
subcomponents (e.g., descriptive and injunctive norms) in 
our study [83–85]. Further studies identifying the distinctive 
impact of each subtype of norms are needed. Overall, our 
findings underline the importance of appropriate strategies 
for enhancing normative factors, such as reinforcing a public 
commitment by showing that most people perform these be-
haviors or by encouraging individuals to imagine how they 
would feel after they behaved in a way that is inconsistent 
with their personal norms [18].

For ability factors, self-efficacy and perceived control were 
identified as significant correlates of one or two preventive 
behaviors. Self-efficacy showed a strong association with 
hand hygiene and physical distancing. This is not surprising, 
as numerous review papers have demonstrated similar find-
ings in relation to the indispensable role of self-efficacy in be-
havioral initiation and maintenance [24, 27, 75]. However, 
mixed results were found on facemask wearing in the narra-
tive synthesis of three studies. For perceived control, a salient 
association was only found for physical distancing, yet not 
for hand hygiene or facemask wearing. Previous reviews and 
meta-analyses have shown similar findings that the effect of 
perceived behavioral control was trivial and nonsignificant 
for certain health behaviors (e.g., alcohol) [83]. These precau-
tionary behaviors are not particularly difficult to perform and 
thus may not require much agency (e.g., perceived behavioral 
control and self-efficacy) [86]. By contrast, these behaviors 
are more normative, knowledge dependent, and attitudinal. 
The applied recommendation is that brief instructions on 
how to perform each behavior may be helpful but intensive 
intervention on personal abilities seems unneeded.

For self-regulation factors, only two studies (three samples) 
conducted a relevant investigation on physical distancing and 
showed mixed results. Our study could not provide strong 
evidence on the critical role of these regulatory components 
in promoting the three precautionary behaviors, which con-
trasts the strong relationship between these factors and the 
maintenance of other health behaviors (e.g., physical activity, 
healthy eating, and smoking ceasing) [20]. More empirical 
evidence contributing to quantitative analysis is needed be-
fore any recommendations can be rendered.

In the current review, we also identified the moderating role 
of country on the effects of RANAS-based psychosocial deter-
minants on the three precautionary behaviors. Interestingly, 
we found that certain risk factors (i.e., perceived susceptibility 
and perceived severity) showed stronger effects on the behav-
ioral practices among western samples compared with those 
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within the eastern countries. More specifically, western sam-
ples who have a higher level of perceived susceptibility were 
more likely to comply with hand hygiene recommendations. 
Similarly, western countries also had a stronger relation-
ship between perceived severity and physical distancing than 
eastern countries. In contrast, the effect of the ability factor 
(i.e., self-efficacy) on physical distancing favored eastern sam-
ples in comparison with western samples. In other words, 
eastern samples who had more confidence on their ability 
were more likely to keep a secure physical distance relative to 
western samples. The above findings to some extent provide 
a potential explanation for the results of previous review pa-
pers, where compliance with preventive behaviors was found 
to vary prominently across different ethnicities and countries 
[33, 36]. While country/culture-related mechanisms seem to 
exist, our findings underline the generic importance of modi-
fiable factors and addressing them through interventions, 
especially in a resource-oriented way considering the charac-
teristics of different precautionary behaviors.

Despite the important findings and implications of this 
review, several limitations should be noted. First, although 
we implemented a thorough literature search of relevant 
databases and resources, we may have omitted suitable 
studies due to missing key terms over the time span that was 
searched. Second, we had to exclude some of the identified 
articles due to lack of reporting statistics that could be used 
to estimate the adjusted OR. Our use of specific terms (e.g., 
limited to the RANAS-based constructs) and low return 
rate from authors who had missing statistical information 
has likely narrowed the available studies for the quantita-
tive synthesis. Moreover, a high degree of heterogeneity, and 
the small number of included studies could result in cautious 
interpretations of the synthesized results. Although we con-
ducted moderating analyses on country, the heterogeneity 
was not fully resolved. Other potential sources of heterogen-
eity may be due to differences in outcome measures. In our 
review, all the included studies used self-reported items for 
measuring precautionary behaviors. Self-report measures are 
feasible, economic, and time-saving for data collection, but 
they have limitations of high subjectivity and low accuracy 
caused by measurement and response biases (e.g., recall bias 
and social desirability) [87, 88]. This may also lead to the 
heterogeneity of effect size estimates. Furthermore, public 
health messaging was changing over time and varied across 
different countries and regions, which could also affect indi-
viduals’ practice of precautionary behaviors during the pan-
demic [89]. Due to the limited data, these potential sources 
of heterogeneity have not been systematically examined in 
our study. As the relevant evidence continues to increase, fu-
ture research syntheses may be able to detect the effects of 
the additional moderators (e.g., demographic information, 
personality, psychological well-being, outcome measures, 
and public health messaging) on relevant associations. In 
addition, our findings and suggestions come with the caveat 
that the current study focused on behavioral prediction ra-
ther than behavior change. Future reviews that summarize 
relevant evidence on behavioral change and maintenance are 
needed. Finally, the RANAS framework includes largely re-
flective and regulatory aspects of behavior and not reflexive 
factors, such as habits, implicit associations, emotion, or 
identity. As research incorporating such constructs accumu-
lates, sufficient data might be available in the future to in-
clude all these constructs in the meta-analytic analyses.

Conclusion
To the best of our knowledge, the current study is the first 
to provide a comprehensive review and cumulative estimates 
of the effect sizes and variability among RANAS-based psy-
chosocial constructs as determinants of COVID-19 precau-
tionary behaviors. Our findings showed that knowledge, pros 
attitude, and perceived norms were salient determinants of 
the general population’s practice of hand hygiene, facemask 
wearing, and physical distancing during the COVID-19 
pandemic. Other RANAS-based constructs varied in their 
relationships with the three precautionary behaviors. We 
also found a prominent moderating role of country in the 
effects of certain risk and ability factors on these behav-
ioral practices. The overall findings add new knowledge and 
understanding of modifiable determinants for specific pre-
cautionary behaviors. The current review is also expected to 
provide important information and make a unique contribu-
tion to designing effective tailored interventions and making 
efficient policy strategies in the battle with COVID-19 and 
future pandemics.
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