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ARTICLE INFO ABSTRACT

Keywords: Rationale/objective: The COVID-19 pandemic has brought far-reaching consequences on individual and societal
COVID-19 levels. Social distancing and physical hygiene constitute effective public health measures to limit the spread of
Age the virus. This study investigated age and gender demographics, in tandem with national levels of human
Gend,er development, as crucial factors influencing self-reported compliance with COVID-19-related public health
Public health measures
C . measures.

ompliance

Methods: The present study leveraged a large multi-national sample that ranged across the adult lifespan (18-100
years) and comprised 45,772 women and men from 66 countries/territories. Data were collected in Spring
(2020) during the earlier phase of the COVID-19 pandemic. Self-reports of compliance with two public health
measures (spatial distancing and physical hygiene) were assessed via online survey. Human Development Index
(HDI), developed by the United Nations Development Program, was used as a proxy of a country’s achievement
in key dimensions of human development.

Results: Older age, female gender, and lower HDI were independently associated with greater self-reported
compliance. A significant three-way interaction further revealed that self-reported compliance was lowest in
young males from well-developed countries, while highest among females across all ages from less-developed
countries.

Conclusion: The study offers an integration of individual-level and country-level demographic predictors of self-
reported compliance and allows for robust testing in a large multi-national adult lifespan sample for enhanced
generalizability. The results highlight the potential of data-driven, tailored (i.e., towards specific demographics,
countries) health campaigns and public policies in the fight against a global pandemic.

Human development index

1. Introduction reducing the spread of COVID-19 around the globe (e.g., United States:

Courtemanche et al., 2020; Finland: Kuitunen et al., 2020; China: Wang

Across the world, people have been experiencing the far-ranging
consequences of the COVID-19 pandemic since its origins at the end of
2019. Many have discovered that these consequences can permeate all
aspects of life, including physical health, mental health, social in-
teractions as well general public sentiments on society and politics (Van
Bavel et al., 2020a). The success of public health measures to reduce
coronavirus spread relies on behavioral compliance on country, state,
and individual levels. For example, adherence to spatial distancing,
including shelter-in-place orders, closures of schools and public venues,
and the ban on large gatherings, has significantly contributed to
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et al., 2020). Similarly, wearing face masks has slowed the transmission
of the virus (Chen et al, 2020), especially when adopted by
pre-symptomatic individuals (MacIntyre and Chughtai, 2020). As
COVID-19 continues to pose a significant public health threat world-
wide, and in anticipation of similar future viral outbreaks, it is critical to
understand the factors that contribute to compliance with public health
measures aimed at mitigation of transmission risk.

A united front against the COVID-19 pandemic via endorsement of
effective public health measures is especially relevant for individuals at
risk for severe complications from COVID-19, such as adults aged 65
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years and older. Across the world, many more older adults than younger
adults have died from COVID-19 (Yanez et al., 2020). As of June 2021,
the COVID-19 pandemic had claimed more than 3.8 million lives
world-wide and more than 550,000 lives in the United States (World
Health Organization, 2021), with more than 75% of reported deaths in
the United States being individuals 65 years or older (CDC, 2021). A
meta-analysis using samples from five countries found that the mortality
rate due to COVID-19 increased in an exponential manner from less than
1% in individuals in their 40s to nearly 30% in individuals older than 80
years (Bonanad et al., 2020). This risk of COVID-19 mortality in older
adults is likely heightened by comorbidities prevalent at older ages
(Ssentongo et al., 2020). Not surprisingly, previous studies documented
better compliance with COVID-19 public health measures among older
than younger adults (Brankston et al., 2021; Daoust, 2020; but see Clark
et al., 2020).

There also are striking differences between men and women globally,
with males more likely to die of COVID-19 than females (Chen et al.,
2020; Wenham et al., 2020). Also, women have better compliance with
COVID-19 public health policies (Galasso et al., 2020), greater usage of
preventive care services such as blood pressure and cholesterol checkups
or the flu shot (Vaidya et al., 2012; Sobol et al., 2020), and less
risk-taking behavior (Pawlowski et al., 2008) than men. As such, un-
derstanding the role of gender in health behaviors is likely critical to
mitigating the spread of COVID-19. These gender differences in
compliance have been discussed in the context of an impact of gender
stereotypes (e.g., wearing a face mask represents a sign of weakness) on
behaviors in medical settings (Capraro and Barcelo, 2020).

Individual-level demographic (i.e., age and gender) differences in
compliance with public health measures may further vary among
countries at different levels of development. The large majority of pre-
vious studies on demographic differences in compliance with public
health measures was based on data from a single country (Brankston
et al., 2021; Sobol et al., 2020; Uddin et al., 2021) or a small group of
countries (Clark et al., 2020), representing only a narrow scope of cul-
tural backgrounds and regional variety. Also, these studies did not
examine the impact of individual-level predictors, like age and gender,
as a function of country-level predictors (e.g., a country’s developmental
status) on compliance with public health measures during the COVID-19
pandemic.

Another shortcoming is that prior work was not able to compare
these patterns in a large multi-national sample that included countries of
different developmental status. Understanding whether these relation-
ships hold in less developed countries is especially important since these
countries are the last to receive large quantities of the vaccine during the
current pandemic. Moreover, people from more developed countries
have longer life expectancy, higher education levels, and better living
conditions (Stanton, 2007). These advantages may facilitate a country’s
overall compliance with health-protective measures.

Thus, age and gender differences in compliance with public health
measures during the COVID-19 pandemic may be less pronounced in
more developed countries. However, two recent studies found higher
COVID-19 infection and/or mortality rates in more developed countries
(Huang et al., 2020; Shahbazi and Khazaei, 2020). Of note, the limited
capacity for screening and detecting COVID-19 in some countries,
especially less developed countries, as well as differences in reporting
practice and case calculation across countries, challenge the compara-
bility of statistics pertaining to COVID-19 infection and/or mortality
rates across nations/territories. This somewhat counterintuitive evi-
dence of higher COVID-19 infection and/or mortality rates in more
developed countries, combined with a lack of research on the associa-
tion between public health compliance and national levels of human
development, warrants the study of the impact of a country’s develop-
ment status on the association between age/gender and compliance with
COVID-19 public health measures.
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1.1. Current research

The present study offered unique opportunities to broaden the con-
ceptual scope of previous investigations, enhance generalizability of the
findings, and assure robust testing by determining the role of individual
age and gender demographics, in interplay with national levels of
human development, on self-reported compliance with COVID-19 public
health measures in a large (N = 45,772) adult lifespan sample of women
and men. Participants were surveyed in the early phases of the pandemic
across 66 countries/territories. Based on previous findings regarding age
and gender differences in adherence to public health policies (Chen
et al., 2020; Ssentongo et al., 2020; Wenham et al., 2020), we expected
that older adults and women would report greater willingness to comply
with public health measures to contain the COVID-19 pandemic than
young adults and men, respectively.

We used the Human Development Index (HDI), developed by the
United Nations Development Program, as a proxy of a country’s
achievement in key dimensions of human development (i.e., life ex-
pectancy, education, gross national income per capita; Dasic et al., 2020;
Engineer et al., 2008; Human Developments Report, n.d.), to examine
the interplay of this country-level demographic predictor with effects of
individual age and gender on self-reported compliance with public
health measures targeted at containing the COVID-19 pandemic across a
large variety of nations, varying in developmental status. We predicted
that age- and gender-demographic differences would be more pro-
nounced in countries with lower HDI scores.

2. Methods

This report leveraged data from a publicly available, large-scale,
multi-national dataset (see Van Bavel et al.,, 2020b). Data were
collected during the earlier phase of the pandemic (April to May 2020)
by a synchronized international team of researchers. Only information
and measures relevant for the present analysis are reported here. We
retrieved the data on January 18th, 2021.

2.1. Participants

The original dataset consisted of 46,769 individuals across 67
countries/territories, with nationally representative samples from 30
countries, convenience samples from 34 countries, and a combination of
both sampling approaches from 3 countries. The present analysis
comprised 45,772 individuals from 66 countries/territories (Mean Age
= 43.08 yrs, SD = 16.05; range: 18-100 years; 51.95% females). 833
individuals (all from Taiwan) were excluded from the present analysis
due to missing HDI data. In addition, data from 139 individuals were not
included as they reported gender as ‘other’, and we did not have suffi-
cient statistical power to analyze this category across countries.

2.2. Procedures and measures

The protocol was approved by the ethics board at the University of
Kent. Below, we introduce measures used in the present analysis (see
Van Bavel et al., 2020b for a report about the larger project). After
consent, participants completed the online survey with ques-
tionnaires/scales presented in randomized order.

Self-Reported Compliance with Public Health Measures was computed
using two individual scales, measuring self-reported compliance with
spatial distancing and self-reported compliance with physical hygiene,
respectively (see Table 1 for sample items and descriptive statistics).
Each scale was measured via five items on an 11-point Likert scale (0 =
Strongly disagree, 5 = Neither agree nor disagree, 10 = Strongly agree).
Cronbach’s a across the ten items was 0.81, suggesting a decent internal
consistency among these two facets of public health measures. We
therefore computed the average across all 10 items to indicate overall
self-reported compliance with public health measures, with higher
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Table 1
Sample items and descriptive statistics of the individual scales aggregated in the
Self-Reported Compliance with Public Health Measures composite.

Individual Sample Item Mean Cronbach’s
Scale (SD) a
Spatial During the coronavirus pandemic, I have 8.35 0.73
Distancing been staying at home as much as (1.69)
practically possible.
Physical During the coronavirus pandemic, I have 7.93 0.79
Hygiene been washing my hands longer than usual. ~ (1.89)

Note. Each individual scale comprised five items for self-report using an 11-point
Likert scale (0 = Strongly disagree; 5 = Neither agree nor disagree, 10 = Strongly
agree). Self-Reported Compliance with Public Health Measures, the central outcome
in this report, was computed as the average of the two scales.

scores reflecting higher self-reported compliance (M = 8.14, SD = 1.51).

Chronological Age (continuous; measured in years) and Gender (cat-
egorical: 1 = Male, 2 = Female; 3 = Other) were collected via two self-
report items.

Human Development Index is an indicator of achievement in critical
dimensions of human development, including life expectancy, educa-
tion, and gross national income per capita (i.e., standard of living).
Higher HDI scores reflect a higher development status of a country. The
HDI used in this analysis was from 2018 and can be retrieved at http
://hdr.undp.org/en/content/table-1-human-development-index-and
-its-components-1. Among the 189 countries/territories with HDI data,
countries/territories included in the present dataset covered a range
from 1st to 166th in HDI ranking (M = 0.80, SD = 0.12, Min = 0.51, Max
= 0.95), with 35 countries/territories falling into ‘very high’, 18 into
‘high’, 11 into ‘medium’, and 2 into ‘low’ regarding their developmental
status. See the Supplementary Materials for the distribution of the HDI
data in the current sample.

2.3. Analyses

We used multilevel modeling to accommodate for the nested data
structure (i.e., individuals nested within countries; Enders and Tofighi,
2007). Self-reported compliance with COVID-19 public health measures
(across spatial distancing and physical hygiene) constituted the outcome
variable. Participant age (centered within country) and participant
gender (factorial variable) served as level-1 predictors and country HDI
(grand mean centered) served as level-2 predictor. Following recent
findings by Daoust (2020), we examined both the linear and the
quadratic effect of age in our model. We also considered the interactions
between all predictors. There were very few cases (208; i.e., 0.45% of all
cases in the dataset) with missing information on one (or more) of the
central variables. We conducted Little’s MCAR test (Li, 2013; Little,
1988) and confirmed that data were missing completely at random
(%%(8) = 11.10, p = 0.20), therefore we used listwise deletion in our
analyses. We furthermore conducted multiple imputation on the central
variables in the model (i.e., self-reported compliance with public health
measures, age, gender). Results from the model using multiple imputa-
tion were consistent with results from the model with listwise deletion of
cases with missing data. We report the respective parameter estimates
for these two models in Table S1 in the Supplementary Materials to
allow for a direct comparison. All analyses conducted were well pow-
ered given the large sample size.

3. Results

We first examined the relationships between age as well as gender
and self-reported compliance with COVID-19 public health measures.
The linear effect of age was significant (B = 0.013, z = 8.90, p < 0.001,
95% CI = [0.010, 0.016], Cohen’sf2 = 0.016), indicating that, overall,
older age was associated with greater self-reported compliance. In
addition, the quadratic effect of age was significant (B = —0.0002, z =
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—3.56, p < 0.001, 95% CI = [-0.0003, —0.0001], Coherl’sf2 = 0.0008),
in that the linear increase in self-reported compliance with age was less
pronounced in later life. There also was a significant gender main effect
(B = 0.51, z = 12.44, p < 0.001, 95% CI = [0.43, 0.59], Cohen’s f*> =
0.03), in that, overall, females reported greater compliance than males.

We then examined the relationship between national levels of human
development with self-reported compliance with COVID-19 public
health measures. Individuals in countries with lower HDI, overall, re-
ported greater self-reported compliance than individuals in countries
with higher HDI, as reflected in a significant main effect for HDI (B =
—2.44, z = —4.51, p < 0.001, 95% CI = [-3.51, —1.38], Cohen’s f* =
0.00004). Furthermore, the interaction between gender and HDI was
significant (B = 0.64, z = 2.51, p = 0.012, 95% CI = [0.14, 1.15],
Cohen’s f2 = 0.0005), such that gender differences in self-reported
compliance were more pronounced in countries with higher HDI.

These main effects and two-way interaction were further qualified by
a significant three-way interaction between age (linear effect), gender,
and HDI (B = 0.04, z = 2.69, p = 0.007, 95% CI = [0.012, 0.074],
Cohen’s f2 = 0.0003; as shown in Fig. 1). To understand if the associa-
tions between age as well as gender and self-reported compliance with
public health measures varied across nations, we decomposed this sig-
nificant three-way interaction. Older age in males was associated with
greater self-reported compliance (B = 0.013, z = 9.28, p < 0.001, 95%
CI = [0.010, 0.016], Cohen’s f* = 0.016). This effect did not vary across
HDI levels (B = —0.004, z = —0.22, p = 0.823, 95% CI = [-0.038, 0.031],
Cohen’s f2 < 0.001). In contrast, while older age in women was also
associated with greater self-reported compliance (B = 0.011, z =8.38,p
< 0.001, 95% CI = [0.008, 0.013], Cohen’s f* = 0.016), this effect did
vary across HDI levels (B = 0.039, z = 2.90, p = 0.004, 95% CI = [0.013,
0.066], Cohen’s f2 = 0.001): In particular, in countries with lower HDI,
older age in females did not affect self-reported compliance levels; in
countries with higher HDI, however, older age was associated with
greater self-reported compliance among females. These findings support
that associations between age as well as gender and self-reported
compliance with COVID-19 public health measures varied across na-
tional levels of human development.

4. Discussion

Public health policies around the world have been focused on cur-
tailing the devastating effects of COVID-19. Individual- and population-
level compliance are crucial in successful implementation of policies
aimed at mitigating the risk of transmission. Here, we leveraged a
unique dataset from a large-scale international collaboration,
comprising a wide age range of male and female adults who were sur-
veyed about their willingness to adopt public health measures during the
earlier phase of the pandemic to contain the coronavirus spread.
Replicating prior work, we found that older adults and women were
more likely to report compliance with COVID-19 public health mea-
sures. We also observed a significant interaction between these three
factors in that self-reported compliance was lowest in younger adults
from well developed countries, while self-reported compliance was
highest among females across all ages from less developed countries.

All effects reported held for a model with covariates. The covariates
were participants’ general health condition (continuous: 0 = Extremely
bad, 10 = Extremely good), marital status (categorical: 1 = Single, 2 =Ina
relationship, 3 = Married), employment (categorical: 0 = Unemployed, 1
= Employed), tested positive for COVID (categorical: 1 = No, 2 = Yes),
knowing someone who tested positive for COVID (categorical: 1 = No, 2
= Yes), country’s sampling approach (categorical: 0 = Convenience
sample, 1 = Representative sample), and political ideology (continuous: 0
= Extremely liberal/left-leaning, 5 = Neither liberal/left-leaning nor con-
servative/right leaning, 10 = Extremely conservative/right-leaning) at both
the participant and the country level. The participant level of political
ideology was the individual’s score centered within the country. The
country level of political ideology was the averaged individual score
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Fig. 1. Self-reported compliance with COVID-19
public health measures as a function of participant
age, participant gender, and the country’s human
development index (HDI). The y-axis indicates self-
reported compliance with public health measures
(theoretical range: 0-10; mean across spatial
distancing and physical hygiene). The x-axis indicates
standard deviation from the country-centered mean
age. Low, medium, and high HDI reflect —1.5, 0, and
1.5 standard deviations, respectively, from the HDI
grand mean. Error bars indicate 95% confidence
intervals.
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from within a country centered within the grand mean.

Supporting our hypothesis, older age was associated with greater
self-reported compliance with the public health measures of spatial
distancing and physical hygiene. These results align with prior findings
on greater health-related compliance among older adults (Sutherland
et al., 2018) and are extended here to COVID-19 public health measures.
Older adults’ vulnerability to COVID-19 may enhance their subjective
risk perceptions for severe disease, and they may be more inclined to
engage in public-health behaviors such as social distancing and hygiene
to protect themselves from infection. Additionally, older adults typically
show more conscious concern for others and future generations (Cheng,
2009) and are often more motivated to engage in prosocial behavior
(Bailey et al., 2021). These underlying motivations (i.e., having the
well-being of other people and society at large in mind) could have
contributed to older adults’ greater self-reported compliance with
COVID-19 public health measures; an interpretation that future research
could specifically test.

Interestingly, the observed increase in self-reported compliance with
age was not only linear in nature. Consistent with Daoust (2020), we
found a significant quadratic age effect in addition to the positive linear
age effect. The quadratic effect of age suggested relatively higher
self-reported compliance with COVID-19 public health measures in late
middle-aged, compared to younger and older, adults. Middle-aged in-
dividuals are approaching an age characterized by heightened vulner-
ability to severe consequences from COVID-19 while still often
extensively exposed to risks (such as in work and family life; not yet
retired and able to retrieve from public life) and may therefore be
particularly motivated to adhere to protective measures.

However, our age effects diverged from prior work finding no age
effect in compliance with public health measures in an international
sample (Clark et al., 2020). The differences in findings may be due to
methodological variations across studies, including the time of data
collection (according to the pre-registration by Clark et al., the larger
part of their study was completed by April 25th, 2020, thus earlier than
the present data collection). Therefore, it is possible that a considerable
portion of their participants was not yet fully aware of the severity of
COVID-19 and/or the effectiveness of spatial distancing and physical
hygiene in containing the virus. In line with this possibility, in Clark
et al., the mean score of self-reported compliance was overall low (e.g.,
lower than 3 on a 5-point scale from 1 = Very disagree to 5 = Very agree),

while in the present study, as shown in Fig. 1, even the young males from
well developed countries, that is the group with the lowest self-reported
compliance, reported compliance higher than 7 on a 11-point scale from
0 = Strongly disagree to 10 = Strongly agree.

In line with prior research, we found that women overall reported
greater compliance than men. Similar processes related to increased
generativity and prosociality among women compared to men (Bailey
et al., 2021) may have contributed to these gender differences. It is also
possible that gender stereotypes and gender roles contributed to the
observed differences between women and men in compliance with
COVID-19 public health measures. For example, a recent study found
that men were less willing to wear a face mask than women because men
compared to women were more likely to believe that wearing a face
mask represents a sign of weakness (Capraro and Barcelo, 2020).
Additionally, societal norms typically still associate women with the role
of the informal caregiver within families (Connor et al., 2020). Possibly
influenced by these social expectations, women may be more willing to
adopt healthy behaviors to keep themselves and others (e.g., in their
family) safe.

Multi-generational households are more common in less developed
countries and communities (National Institute on Aging, 2011), and
younger women in these contexts typically not only take care of them-
selves and their children but also elder family members. In line with this
interpretation, women in countries with lower HDI, independent of their
age, were highly compliant with public health measures geared towards
reducing coronavirus transmission risk. Additionally, it is also possible
that restrictions related to external (i.e., outside the home) work con-
texts, and likely particularly so in low HDI countries, could have
contributed to men being less willing (or able) to comply with protective
public health measures, as in low HDI countries men typically constitute
the paid workforce (World Bank, 2012).

Somewhat unexpectedly, it was the younger adults in countries with
higher HDI, and among those particularly the younger males, who re-
ported the least compliance with protective public health measures.
Future research should specifically explore this low willingness to
comply among this demographic group; by, for example, considering
subjective health risk perception (Smith, 2006) and/or conspiracy the-
ory beliefs (Romer and Jamieson, 2020) in their impact on protective
health behavior adoption.



T. Lin et al.
4.1. Strengths and limitations

The present analysis was exclusively based on self-report. The pat-
terns observed in this study should be replicated via behavioral and
more objective data (e.g., use of personal protective equipment, use of
public transportation, travel, visitor count at tourist attractions). While
social desirability may have affected our participants’ self-reported
willingness to comply with COVID-19 public health measures, recent
work by Daoust et al. (2021) suggests a homogeneous impact of social
desirability across age, gender, and education; that is social desirability
is unlikely to explain the age and gender variations in self-reported
compliance with COVID-19 public health measures observed in our
study and supports the use of self-report in this line of investigation
(Larsen et al., 2020).

The current dataset had a uniquely wide global representation.
However, some countries/territories such as from Africa and South-
eastern Asia/Middle Asia were less well represented, somewhat limiting
the generalization of the findings globally. Furthermore, HDI as a
reflection of national levels of human development in the present study
was highly correlated with national representativeness of the sample.
However, as our control analysis showed, effects reported here were not
accounted for by sampling approach (convenience sample vs. repre-
sentative sample).

At the time of this data collection some countries were already
significantly affected by the pandemic while others were not (yet). Thus,
future work could consider the impact of variables such as objective case
numbers/death toll and/or specific restrictions in place as well as the
extent to which information about COVID-19 was distributed at time of
data collection on compliance with public health measures.

5. Conclusion

The large majority of previous studies on public health behavior
during the COVID-19 pandemic was based on data from a single country
or a small group of countries, representing a narrow scope of cultural
backgrounds. Also, previous work did not systematically integrate
individual-level predictors, like age and gender, with country-level
predictors (e.g., national levels of human development) on self-
reported compliance with COVID-19 public health measures in a large
sample that allows for robust testing of effects of interest. Thus, our
study goes importantly beyond previous research by determining the
role, and interplay, of age, gender, and HDI on self-reported compliance
with COVID-19 public health measures in a sample that spans across a
very wide range of cultural backgrounds and country-developmental
levels. In addition to offering a wider scope than previous studies,
adding methodological strength, our study leveraged a large dataset (N
= 45,772) of women and men covering a wide age range for a robust test
of the effects of interest, offering broader generalizability than previous
approaches. We found that age and gender, in tandem with national
levels of human development, affect individuals’ self-reported compli-
ance with COVID-19 public health measures. These findings have po-
tential for translational impact by highlighting the importance for
governments and health organizations to design health campaigns and
public policies based on data and tailor them towards specific de-
mographics and nations, instead of applying a one-size-fits-all approach
in their fight against future vial outbreaks and global pandemics.
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