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Abstract

Background: The coronavirus pandemic has exposed existing social inequalities in relation to disease preventive
behaviors, risk of exposure, testing and healthcare access, and consequences as a result of illness and containment
measures across different population groups. However, due to a lack of data, to date there has been limited evidence
of the extent of such within-country inequalities globally.

Methods: We examined education-related inequalities in four COVID-19 prevention and testing indicators within 90
countries, using data from the University of Maryland Social Data Science Center Global COVID-19 Trends and Impact
Survey, in partnership with Facebook, over the period 1 June 2021 to 31 December 2021. The overall level of educa-
tion-related inequalities, as well as how they differ across country income groups and how they have changed over
time were analyzed using the Slope Index of Inequality (SIl) and the Relative Index of Inequality (RIl). We also assessed
whether these education-related inequalities were associated with government policies and responses.

Results: Education-related inequalities in beliefs, mask wearing, social distancing and testing varied across the study
countries. Mask wearing and beliefs in the effectiveness of social distancing and mask wearing were overall more
common among people with a higher level of education. Even after controlling for other sociodemographic and
health-related factors, social distancing practice was higher among the most educated in low/lower middle income
countries, but was higher overall among the least educated in high income countries. Overall there were low educa-
tion-related inequalities in COVID-19 testing, though there was variation across countries.

Conclusions: The study highlights important within-country education-related differences in COVID-19 beliefs,
preventive behaviors and testing, as well as differing trends across country income groups. This has implications for
considering and targeting specific population groups when designing public health interventions and messaging
during the COVID-19 pandemic and future health emergencies.

Keywords: COVID-19 preventive behavior, COVID-19 testing, Education-related inequality, Within-country inequality,
Mask use, Social distancing, Non-pharmaceutical interventions

Background

Non-pharmaceutical interventions recommended by the
World Health Organization — including keeping physical
distance of at least 1 meter from others; avoiding crowds
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a key role in controlling and preventing the spread of
COVID-19 [3, 4]. Widespread testing and timely diagno-
sis are also critical for pandemic control, as symptomatic,
asymptomatic and pre-symptomatic individuals spread
the virus [5]. WHO has recommended that all individu-
als meeting the suspected case definition for COVID-19
should be tested, prioritizing individuals at risk of severe
disease, inpatients and healthcare workers if resources
are constrained and it is not possible to test all individu-
als meeting the case definition [6].

Lessons from previous pandemics emphasize the
importance of widespread adoption of non-pharma-
ceutical interventions [7], noting regional differences in
public perceptions and behaviors [8]. Indeed, the accept-
ance and uptake of COVID-19 prevention and testing
measures have varied across populations and over the
course of the pandemic. Countries have adopted differ-
ent policies and approaches in response to COVID-19,
which in turn, have variable implications for public com-
pliance [9] and health equity more broadly [10]. Moreo-
ver, adherence to non-pharmaceutical interventions has
been shown to fluctuate: while mask wearing (a low-cost,
habitual behavior) has shown a rise across countries over
the course of the pandemic, distancing behaviors (which
entail higher costs) have declined [11].

Characterization of inequalities in COVID-19 preven-
tion and testing measures is critical to better adapt and
target public health messaging and interventions, in the
context of this pandemic and future public health emer-
gencies. Several multi-country studies have assessed
the associations between socioeconomic, demographic
and geographical factors and the uptake of COVID-19
non-pharmaceutical interventions, highlighting educa-
tion as a prominent factor. For example, in a review of
31 single-country studies, Siddiquea et al. (2021) found
that participants with 12years of education or less had
lower COVID-19 preventative practices (including hand
hygiene, mask wearing, and social distancing) [12]. In a
one-month (May—June 2020) online survey of 72,000
individuals from 22 countries, Masoud et al. (2021) found
that respondents who were female gender, more highly
educated and urban residents had higher COVID-19
knowledge and practice scores [13]. A study across 38
countries, the majority of which (26 out of 38) were high
income countries, using data from the online COVID-19
Trends and Impact Survey (UMD-CTIS) found that sev-
eral sociodemographic factors, including higher educa-
tion, were significantly associated with higher mask usage
in public settings [14].

Within-country patterns of education-related inequal-
ity in COVID-19 prevention and testing interventions
are variable. While education level has been positively
associated with COVID-19 prevention behaviors in

Page 2 of 15

several countries, including Iran [15], Saudi Arabia [16]
and Syria [17], studies in Brazil [18] and the Democratic
Republic of Congo [19] demonstrated higher adherence
to social distancing rules among those with lower educa-
tion attainment. In Bangladesh, education level was the
sole predictor for COVID-19 preventative behavioral
practices (knowledge and attitudes were not predictive)
[20]. With regards to COVID-19 testing, studies in Swit-
zerland [21] and the Netherlands [22] highlighted more
COVID-testing among groups with more education and
higher socioeconomic position. Studies in the USA [23]
and Canada [24] did not find education level to be a sig-
nificant factor in being tested for COVID-19; rather, rel-
evant factors included having COVID-like symptoms,
geography, possession of health insurance and higher
income.

While studies to date offer useful insights into socio-
economic inequality in non-pharmaceutical intervention
indicators, they pertain to different stages of the pan-
demic and tend to be limited in geographical scope. There
remains a lack of harmonized evidence including many
countries across all income groupings regarding socio-
economic inequalities in COVID-19 non-pharmaceutical
interventions and their change over time. Rigorous analy-
ses that are global in scale are required to situate, consoli-
date and extend the current state of knowledge.

The current study addresses this gap in the literature.
In this study, we quantify the extent of within-country
education-related inequalities in prevention and testing
indicators during the COVID-19 pandemic, exploring
variations by country income level grouping and assess-
ing change over time. We also assess whether govern-
ment policies and responses have an association with
levels of education-related inequality. Until recently, such
an undertaking was limited by the paucity of globally
comparable data on COVID-19 prevention and testing
measures. Data are now available from the University of
Maryland Social Data Science Center Global COVID-
19 Trends and Impact Survey (UMD-CTIS), conducted
in partnership with Facebook, which has gathered over
200,000 respondents daily since April 2020 — the largest
global health survey to date [25].

Methods

Data

The UMD-CTIS is an ongoing cross-sectional daily sur-
vey that has been implemented since April 23, 2020 in
over 200 countries and territories. The survey is deliv-
ered via Facebook and is available in 56 languages, which
excludes only about 5% of the Facebook user base glob-
ally [26]. A representative sample of Facebook users aged
18years and older is invited every day to respond to ques-
tions about COVID-19 symptoms, health risk factors,
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preventive behaviors, vaccine acceptance, mental health
issues, and financial constraints. Individual demographic
and socioeconomic characteristics were also collected.
The survey instrument has been deployed in multiple
waves, with some questions periodically revised to reflect
emergent public health needs. The questionnaires are
publicly available online [27].

The sampling design and weighting methodology of
the UMD-CTIS have been described in detail [28, 29].
Briefly, sampling weights are provided by Facebook to
reduce nonresponse and coverage bias. The weight for an
individual is scaled to approximate the number of peo-
ple in the adult population represented by that individual
based on age, gender, location, and date. In this study we
included survey responses for the seven-month period
from the 1 June 2021 to 31 December 2021.

Study population

Countries were considered for inclusion in the study if
they were WHO Member States and Facebook provided
weights were available (n=109). Data for the United
States of America are not included in the UMD-CTIS,
because they were collected via a separate survey and
education disaggregation did not align across the two
surveys [30]. Nineteen countries were excluded from the
analysis due to small sample sizes — when the sample was
divided into 12 age/sex subgroups, more than half of the
subgroups had fewer than 100 responses, indicating poor
data quality and representativeness. Additional sensitiv-
ity analysis was conducted to see the effect of including
and excluding these counties on the overall results. A
total of 90 countries were included in the study: 33 high
income countries, 29 upper-middle income countries, 24
lower-middle income countries, and 4 low income coun-
tries. This represents 65% of the global adult population
(aged 18 and over); 66% of the adult population in high
income countries, 40% in upper-middle income coun-
tries, 97% in lower-middle income countries, and 29% in
low income countries. This study encompasses responses
from approximately 14 million people who responded to
the outcome questions during the period June to Decem-
ber 2021, with around 2 million responses per month.
Note that the attitudes of Facebook users may differ from
non-Facebook users and this may vary depending on
Facebook penetration within a country; this is at least
partly addressed by UMD-CTIS weights, which improve
the generalizability of estimates to the general adult pop-
ulation. See the Supplementary Tables for the countries
included in the analysis and corresponding sample sizes.

Outcome variables
Four indicators relating to COVID-19 prevention
and testing were used in this study, defined as binary
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variables. Belief in COVID-19 prevention measures was
measured using responses to the questions “How effec-
tive is social distancing for preventing the spread of
COVID-19?” and “How effective is wearing a face mask
for preventing the spread of COVID-19?". The indicator
was defined as: 1 if people responded “Very effective” or
“Moderately effective” to either question, and O other-
wise. Responses to these two questions were combined
into a single indicator because the two were highly cor-
related. Mask wearing was measured using responses to
the question “In the last 7 days, how often did you wear
a mask when in public?”’ Mask usage was defined as: 1 if
the respondent reported wearing a mask “All of the time”
or “Most of the time’, and 0 otherwise. Social distancing
was measured using the responses to the question “In the
last 7 days, how often did you intentionally avoid contact
with other people?”. We defined people avoiding contact
with others as: 1 if the respondent answered “All of the
time” or “Most of the time”, and 0 otherwise. COVID-
19 testing was measured using responses of “Yes” to the
question “Have you been tested for coronavirus (COVID-
19) in the last 14 days?” For all indicators, missing
answers (i.e. question seen but not answered) were not
included in the denominator.

Predictor and control variables

Education level was measured using a categorical vari-
able consisting of seven subgroups (no education, less
than primary, primary, secondary, high school, college/
university, and post-graduate), which has been included
in the survey since 20 May 2021.

Other variables that were used in the analysis as con-
trol variables included the individual’s sex; age; place of
residence (urban or rural); level of housing overcrowd-
ing (a continuous variable calculated as the number of
people in the household divided by the number of rooms
used for sleeping); the presence of at least one diagnosed
health risk factor (asthma, lung disease, cancer, diabetes,
high blood pressure, kidney disease, weak immune sys-
tem or obesity); and experience of COVID-like illness
(defined as having had fever plus either cough or diffi-
culty breathing within the last 24 hours). Housing over-
crowding can be an indicator of economic status (in the
absence of indicators of individual’s income or household
wealth in the survey). Health risk factors and experience
of COVID-like symptoms were controlled for because
these may be associated with increased practice of social
distancing, mask wearing and testing. These control vari-
ables were selected because independently they were
found to be associated with education and the outcome
variables, therefore they might confound the magnitude
of education-related inequality in the outcome variables.
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Country-level government responses

Data on relevant government responses were extracted
from the Oxford COVID-19 Government Response
Tracker (OxCGRT) [31], including policies related to
facial coverings and testing, and the extent of public
information campaigns. An ordinal scale is used to reflect
the extent of government action on specific non-phar-
maceutical interventions. Scores for nine policies relat-
ing to lockdown and containment (including school and
workplace closures, cancelling public events, restrictions
on gatherings, closing of public transport, stay at home
requirements, and travel bans) have also been aggregated
within the OxCGRT into a ‘Government Stringency
Index’ The average policy or index score was calculated
for each country each month.

Statistical analysis

The level of education-related inequality was assessed
using disaggregated data and summary measures of ine-
quality. Disaggregated estimates were calculated for each
study country, indicator and education subgroup, for the
overall study period (June—December 2021). Disaggre-
gated estimates are only reported at country-level when
sample sizes were at least 100 within a given education
subgroup over the study period.

Absolute and relative inequality was measured using
two summary measures of inequality: the Slope Index of
Inequality (SII) and the Relative Index of Inequality (RII).
SII and RII were calculated for each study country and
indicator, for both the overall study period and for each
of the 7 months. SII and RII were also calculated sepa-
rately for males and females (i.e. double disaggregation by
sex and education) for the overall study period to exam-
ine whether there were different patterns of inequality
between males and females.

SII and RII were calculated at the individual level to
take advantage of increased sample size and also enable
controlling for other factors. A weighted fractional rank
was calculated for all individuals in the dataset from
the least educated (rank 0) to the most educated (rank
1), the health indicator of interest was then regressed
against this rank, and the predicted values were calcu-
lated for the two extremes (rank 0 and rank 1) [32, 33].
The SII is defined as the absolute difference in the indi-
cator prevalence between the most and the least edu-
cated (rank 1 - rank 0), taking into account all other
individuals in the regression. The RII is defined as the
ratio of the estimated indicator prevalence between the
most and least educated (rank 1 / rank 0), taking into
account all other individuals in the regression. An SII
value greater than zero and an RII value greater than 1
indicates that the indicator prevalence is higher among
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the most educated compared with the least educated,
and values further from zero or 1 indicate greater lev-
els of inequality. Conversely, an SII value less than zero
and an RII value less than 1 indicates that the indicator
prevalence is higher among the least educated. A value
of zero for SII or a value of 1 for RII indicates no ine-
quality. SII and RII estimates were assessed to be sta-
tistically significant only if the confidence intervals of
both estimates did not include zero or 1, respectively.

In addition to reporting crude SII and RII, adjusted
SII and RII were also calculated for the overall period
(limited sample sizes prevented models from converg-
ing for monthly data in many countries). In the first
model (Adjusted) we controlled for individual sociode-
mographic characteristics (age, sex, place of residence,
and household overcrowding), and in the second model
we controlled for these characteristics plus the pres-
ence of health risk factors and COVID-like symptoms
(Adjusted2). A Poisson regression model with a robust
variance was used to generate the SII and RII values,
and corresponding 95% confidence intervals. We used
Poisson regression with the robust variance option to
give an unbiased standard error because it provides
more accurate estimates compared with a logit model,
when the outcome has a high prevalence [34].

Medians were calculated across country-level disag-
gregated estimates by education and SII and RII esti-
mates, to measure the level of inequality globally and
across 2021 World Bank country income groups. The
‘low income’ and ‘lower middle income’ groups were
combined for this analysis, due to a small number of
study countries in the ‘low income’ group. Global and
country income group medians for disaggregated esti-
mates were based only on countries that had sample
sizes of at least 100 in each education subgroup; there-
fore, medians for each indicator are based on different
numbers of countries.

Additional analysis investigated the relationship
between education-related inequality and government
responses relating to social distancing, mask wear-
ing, public health information, and COVID-19 testing.
Country-level government response scores were cor-
related — globally and by income group — against the
national average and education-related inequality for
the selected indicator using Spearman correlations.

All analyses were weighted to account for the survey
sampling design. In addition, post-stratification correc-
tions were made to sampling weights to adjust for age/sex
population distribution patterns, as represented by the
United Nations Population Division 2019 World Popula-
tion Projections [35]. All analysis were conducted using
STATA 16.1.
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Results

National averages

Overall between June and December 2021, 89.9% (95%CI
88.4-91.9%) of people believed in the effectiveness of
social distancing and/or mask wearing for preventing the
spread of COVID-19 across 90 countries. This propor-
tion was similar across country income groups (Table 1).
Mask usage in public was 79.2% overall (95%CI 75.5—
87.7%) however there was a wide range across countries,
from 9% in Sweden to 99% in Republic of Korea. Overall,
43.9% (95%CI 40.2-48.3%) of people reported avoiding
contact with others all or most of the time, with contact
avoidance tending to be lowest in high income countries
(35.8%, 95%CI 30.2-42.0%). 15.2% (95%CI 13.5-16.4%) of
people overall had been tested for COVID-19 in the last
14 days. National testing rates were highest (over 40%) in
Austria, Denmark, Germany, Greece, United Arab Emir-
ates, and the United Kingdom.

Education-related inequality

Disaggregated global and country-income grouping esti-
mates for the four indicators are shown in Table 1 and
Fig. 1. Overall patterns in belief in the effectiveness of
COVID-19 prevention behaviors and mask usage showed
markedly lower prevalence among the no education and
less than primary school subgroups compared to the sub-
groups with primary education or higher. Globally, dis-
aggregated data demonstrated little education-related
inequality in avoiding contact with others. COVID-
19 testing was slightly higher in the no education and
less than primary school subgroups globally and most
markedly in the group of low and lower-middle income
countries. See Supplementary Table 1 for country-level
disaggregated data and Supplementary Table 2 for coun-
try-level SII and RII estimates. We did not find that edu-
cation-related inequalities differed substantially between
females and males, therefore only the results for both
sexes are reported and discussed in this paper.

Belief in the effectiveness of COVID-19 prevention
behaviors

Globally, the prevalence of beliefs in the effectiveness of
social distancing and/or mask wearing was 8.5 percent-
age points higher (95%CI 7.3-10.6) among the most
educated than the least educated overall (4.4 percent-
age points (95%CI 3.4—6.4), controlling for other factors)
(Table 2 and Fig. 2). SII and RII were statistically signifi-
cant in 71 of 90 countries. Absolute inequalities were
particularly high (over 15 percentage points) in Croatia,
Czechia, Lebanon, Republic of Moldova, and Slovakia.
People with higher levels of education in these countries
were 1.2 times more likely to believe in the effectiveness
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of preventive measures. Education-related inequalities
in these beliefs tended to be smaller in countries with
higher national averages. In some cases, there was sub-
stantial variation in education-related inequalities across
countries with similar national averages. For example,
national averages in Israel and France were similar (89%),
however absolute education-related inequality in France
was three times higher than in Israel (SII of 9.9 and 3.4,
respectively). Absolute education-related inequalities
were higher overall in high income countries (SII=6.6,
95%CI 4.4-8.4), followed by upper middle income coun-
tries (SII=4.0, 95%CI 2.8-7.2), and low/lower middle
income countries (SII=2.8, 95%CI 2.5-6.2), after con-
trolling for other factors.

Mask usage

Overall, across all 90 study countries mask wearing was
more common among people with higher levels of edu-
cation. There was a difference of 10.3 percentage points
(95%CI 7.3-12.8) between the most and least educated,
which reduced to 3.4 percentage points (95%CI 2.3-4.7),
controlling for other sociodemographic and health-
related factors. Controlling for other factors, there was
little education-related inequality in mask wearing in
high income countries overall (median SII=1.2, 95%CI
0.0-2.5); however, in half of high income countries mask
wearing was statistically significantly higher among the
most educated. In only 2 of 33 high income countries
(Denmark and New Zealand) was mask wearing statis-
tically significantly more common among people with
less education; however mask wearing in these countries
tended to be low overall (13% and 57%, respectively). In
upper middle income countries, mask wearing was 5.2
percentage points (95%CI 3.5-7.3) higher among more
educated people overall, controlling for other factors.
There were gaps of over 15 percentage points in Lebanon
and Libya. There was a similar overall gap of 4.2 percent-
age points (95%CI 2.5-7.3) in low/lower middle income
countries, where 16 of 28 countries had higher mask
wearing among the most educated.

Social distancing

Overall, education-related inequality on social distanc-
ing was not statistically significant after controlling for
sociodemographic, health risk factors and COVID-like
symptom variables (median SII=0.5, 95%CI -1.0-1.7).
However, there was substantial variation across country
income groupings. In high income countries, social dis-
tancing was more common among people with lower
levels of education than people with higher levels of
education, controlling for other factors. Adjusted SII
and RII were statistically significant in 22 of 33 high
income countries, and in all but two of these countries,
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Believe that social Global 47 countries EJ
distancing and/or
wearing a face mask is High income 20 countries ae
very or moderately
effective for preventing Upper middle income 16 countries R
the spread of COVID-19

Low and lower middle income 11 countries o
Use of mask all or most  Global 65 countries I
of the time in publicin
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social distancing was higher among the least educated.
In Denmark, Israel and Norway, the least educated were
at least 1.6 times more likely to be avoiding contact
with others than the most educated (median RII<0.6).
A contrasting pattern was evident in low/lower middle
income countries, where social distancing was statis-
tically significantly higher among people with higher
levels of education (median adjusted SII=5.4, 95%CI
2.0-10.0). Fifteen of 28 low/lower middle income coun-
tries had significantly higher social distancing among
groups with higher education; inequalities were par-
ticularly large (over 15 percentage points) in Myanmar,
Nepal and Sri Lanka. Only Ghana and Kenya reported
higher levels of social distancing among the least edu-
cated. In upper middle income countries there was no
education-related inequality overall; of the 29 coun-
tries, social distancing was higher among the most edu-
cated in 12 countries, higher among the least educated

in 5 countries, and there was no inequality in 12
countries.

Testing for COVID-19

Overall there were low education-related inequalities in
COVID-109 testing across countries. After controlling for
other factors, inequalities were highest in high income
countries (SII=2.5, 95%CI 1.0-4.3). Almost two thirds of
high income study countries (20 out of 33) had statisti-
cally significant SII favoring the most educated, with the
United Kingdom reporting the highest education-related
inequalities (SII=14.3). Inequality was low in upper
middle income countries (SII=1.2, 95%CI 0.3-2.3),
and in low/lower middle income countries there was no
education-related inequality overall after controlling for
sociodemographic and health risk factors. There were,
however, divergent patterns across these countries. Of
27 low/lower middle income countries, 15 had non-sig-
nificant inequality. In 7 countries testing was statistically
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Table 2 Education-related inequality in four COVID-19 prevention and testing indicators: median crude and adjusted Slope Index of
Inequality (SIl) and Relative Index of Inequality (RIl), globally and by country income group (UMD-CTIS, June-December 2021)

Indicator Income group Slope Index of Inequality (Sll) Relative Index of Inequality (RIl)
Crude Adjusted Adjusted2 Crude Adjusted Adjusted2
(95%Cl) (95%ClI) (95%Cl) (95%Cl) (95%ClI) (95%Cl)
Believe that Global 8.5 (7.3-10.6) 4.4 (34-64) 1.10(1.08-1.13)  1.05(1.04-1.07)
social distancing gk income 84(69-109) 66 (44-84) 110(1.08-1.13)  1.07 (1.05-1.10)
and/or wearing a ]
face mask is very Qpper middle 9.0 (5.9-15.1) 4.0(28-7.2) 1.11(1.06-1.20) 1.04(1.03-1.09)
or moderately Income
effective for Low and lower 84 (5.6-12.2) 2.8(25-6.2) 1.09 (1.06-1.15)  1.03(1.03-1.08)
preventing middle income
the spread of
COVID-19
Use of mask all or  Global 103 (7.3-12.8) 3.8(2.8-4.7) 34(23-47) 1.14(1.09-1.19)  1.05(1.03-1.06)  1.04 (1.03-1.06)
most ;_ﬁhe;‘]me High income 53 (3.7-7.9) 0.6 (—0.4-24) 12 (0.0-2.5) 1.09(1.06-1.13)  1.01(0.99-1.04)  1.02 (1.00-1.05)
in publicin the
pagt 7 days Upper middle 12.7 (74-19.3) 5.1(34-69) 52(3.5-7.3) 1.16 (1.08-1.30) 1.06 (1.04-1.10)  1.06 (1.04-1.11)
income
Low and lower 15.8(11.0-20.2) 4.9(3.8-6.5) 42(25-73) 1.24(1.13-1.36) 1.07(1.04-1.09)  1.05(1.03-1.08)
middle income
Avoided contact  Global 9.1(6.7-11.2) 0.6 (—1.0-2.2) 0.5(=1.0-17) 1.22(1.16-1.29) 1.01(0.98-1.05)  1.01(0.98-1.04)
Wl'th ﬁ”her peto’f High income 12(=17-46)  —22(—48-16) —21(—=47-05) 105(095-1.11) 092(0.87-0.97) 0.93 (0.87-0.99)
e all or most o
fhe time Upper middle 11.7 (9.6-14.4) 09 (—1.4-4.1) 09 (—1.1-35) 126 (1.19-1.35)  1.02(0.98-1.10)  1.02 (0.98-1.07)
income
Low and lower 149(11.6-19.6) 5.7 (24-96) 54 (2.0-10.0) 1.39(1.32-149)  1.11(1.05-1.20)  1.12(1.05-1.18)
middle income
Tested for Global —0.7(—19-03) 09 (04-16) 1.2(04-2.0) 093(0.87-1.02) 107 (1.03-1.12)  1.09 (1.02-1.16)
lcotVEf inthe  High income 08(—14-22)  22(08-45) 25(1.0-43) 1.05(0.90-1.17)  1.13(1.05-129)  1.15 (1.06-131)
as ays
Y Upper middle —1.2(—=23--03) 13(0.1-20) 12(03-2.3) 092 (0.86-0.98) 1.07 (1.01-1.14)  1.08 (1.02-1.19)
income
Lowandlower ~ —25(—39-05) 03(—21-14)  00(—22-20)  084(0.74-1.04) 1.02(0.86-1.09)  1.00(0.87-1.19)

middle income

Notes: The first adjusted model (Adjusted) controlled for individual sociodemographic characteristics (age, sex, place of residence, and household overcrowding). The
second adjusted model (Adjusted2) controlled for these characteristics plus the presence of health risk factors and COVID-like symptoms. Adjusted2 estimates are not
available for the variable “Believe that social distancing and/or wearing a face mask is very or moderately effective for preventing the spread of COVID-19" due to small

samples sizes causing low model convergence

significantly higher among the most educated, and in 5
countries it was higher among the least educated. In El
Salvador the most educated were over twice as likely to
have been tested within the last 14 days than the least
educated (RII=2.3, 95%CI 1.8-2.7).

Change in inequality over time

There was little overall change in inequality in beliefs about
social distancing and/or mask wearing across all country
income groups in the seven-month study period (Fig. 3).
However, overall education-related inequality in mask
wearing gradually increased over the seven-month period,
from a median unadjusted SII of 8.4 in June 2021 to 12.9
in December 2021. This was driven mostly by increases in
high income countries (from a median SII of 4.7 to 8.4) and
upper middle income countries (from a median SII of 9.3 to
14.4). In low/lower middle income countries, SII remained
high over the study period (SII greater than 13).

Unadjusted education-related inequality in social
distancing practice reduced by 6.7 percentage points
between June and December 2021 in low/lower mid-
dle income countries (from a median SII of 18.2 to 11.5)
and by 3.5 percentage points in upper middle income
countries (median SII of 14.6 to 11.1). By December
2021, the level of education-related inequality was
similar in the two groups of countries. In high income
countries, education-related inequalities remained low
and relatively unchanged.

There was little overall change in inequality in
COVID-19 testing. In high income countries there
was an increase in education-related inequality in
COVID-19 testing in December 2021 favoring the
most educated. In low/lower middle income countries
education-related inequality in COVID-19 testing was
highest in October to December 2021, favoring the
least educated.
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Controlling for the effect of government responses

Overall, the extent of public information campaigns
about COVID-19 was not associated with the percentage
of people believing in the efficacy of social distancing and
mask wearing in COVID-19 prevention, nor with educa-
tion-related inequality in this indicator (Table 3).

Overall, practice of mask wearing in public was asso-
ciated with government policy on facial coverings, with
more mask wearing when policies were stricter. How-
ever, education-related inequality in mask wearing was
not associated with government policy overall. Only in
upper middle income countries was there a statistically
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significant negative correlation between SII and govern-
ment policies, with inequality reducing with more strict
facial covering policies.

The percentage of people avoiding contact with oth-
ers was overall positively associated with the govern-
ment stringency index (which reflects the strictness of

‘lockdown style’ policies that primarily restrict people’s
behavior). Unadjusted education-related inequality in
social distancing was also weakly associated with these
government responses, with inequality tending to be
higher (favoring the most educated) in countries with
more stringent requirements.
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Table 3 Associations between national averages and education-related inequality and government policies related to social
distancing, mask use, public health information and testing (UMD-CTIS, June-December 2021)

Indicator Government policy

Income group

National average Education

Correlation P-value Correlation P-value

coefficient coefficient
Believe that social distancing and/ Public information campaigns  Global 0.059 0.131 —0.007 0.855
or wearing a face mask is very or High income 0.080 0225  —0.109 0.099
moderately effective for preventing ] )
the spread of COVID-19 Upper middle income 0.029 0.683 —0.022 0.753
Low and lower middle income 0.108 0.114 —0.007 0916
Use of mask all or most of the time in  Facial coverings Global 0404 0.000 0.050 0.203
publicin the past 7 days High income 0.395 0000  —0.113 0.086
Upper middle income 0489 0.000 —0.323 0.000
Low and lower middle income 0.293 0.000 —0.030 0.663
Avoided contact with other people all  Government Stringency Index  Global 0.384 0.000 0.217 0.000
or most of the time High income 0.524 0.000
Upper middle income 0.396 0.000 0.188 0.001
Low and lower middle income 0.335 0.000 0.277 0.000
Tested for COVID-19 in the last Testing policy Global 0.269 0.000 0.085 0.031
14days High income 0534 0000 0030 0652
Upper middle income 0.162 0.021 0.082 0.244
Low and lower middle income 0.028 0.683 0.127 0.061

Notes: Education-related inequality measured using crude (unadjusted) SlI. For avoiding contact, the association between education-related inequality and
Government Stringency Index for high income countries is not reported due to both positive and negative Sll values making the correlation unmeaningful

Public information campaigns were scored from 0“No COVID-19 public information campaign” to 2 “Coordinated public information campaign”. Facial coverings
policies were scored from 0“No policy” to 4 “Required outside of home at all times”. The Government Stringency Index records the strictness of ‘lockdown style’
policies that primarily restrict people’s behavior on a 0-100 scale, and is calculated using a number of containment and closure policy indicators (including school and
workplace closures, cancelling public events, restrictions on gatherings, closing of public transport, stay at home requirements, and travel bans). Specific government
policies were scored on an ordinal scale. Testing policies were scored from 0 “No testing policy” to 3 “Open public testing”

While the percentage of people tested within the last
14-days was overall associated with government testing
policies (apart from low/lower income countries), edu-
cation-related inequality in testing was not associated
with government testing policy.

Discussion
Our study was the first to use globally-comparable data to
examine education-related inequalities in four COVID-
19 prevention and testing indicators across 90 countries
and by country income grouping. Our results indicated
widespread education-related inequalities in several set-
tings that were largely sustained across the seven-month
period (however, it should be noted that this is a rela-
tively short time window to expect to see any substantial
changes in education-related inequalities). Notably, pat-
terns of inequality differed across country income groups
and by non-pharmaceutical intervention indicators.
Across all countries, beliefs in the effectiveness of
COVID-19 prevention practices were consistently higher
overall among those with more education, regardless of
country income level. These education-related inequali-
ties in beliefs also persisted regardless of the extent of
COVID-19 public information campaigns in countries.

Previous qualitative research exploring the perceptions
of non-pharmaceutical interventions reported that per-
sonal and cultural beliefs about how respiratory illnesses
are caught and spread were likely to influence the per-
ceived efficacy of non-pharmaceutical interventions; this
research also highlights familiarity of the intervention,
potential to reduce social stigma and capacity to demon-
strate social responsibility or community mindedness as
reasons why interventions may be viewed favorably [36].
Country-level acceptance of mask wearing, in particular,
has been related to social and cultural expectations [37],
which may also be a relevant consideration for social
groupings within countries.

Our study offers new insights into inequalities in the
uptake of non-pharmaceutical interventions across edu-
cation subgroups in different country income groupings.
Against a backdrop of effectiveness beliefs being more
common among those with higher education levels, low/
lower middle income countries also reported higher
COVID-19 prevention practices (social distancing and
mask wearing) among people with more education. In
upper middle income countries, mask wearing was more
common among the most educated, controlling for other
factors. The finding that education levels are associated
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with social distancing and mask use is in line with results
from previous studies conducted in single countries
[15-19].

In high income countries (which, to date, have tended
to have the highest COVID-19 case rates [38]), despite
beliefs in the effectiveness of social distancing and mask
use being higher among the most educated, there was
little education-related inequality in social distancing
and mask use. It is challenging to directly compare these
results to those from other data sources, since this is, to
the best of our knowledge, the first large-scale study that
describes education-related inequalities in social distanc-
ing, mask wearing practices and prevention beliefs across
multiple high income countries using samples of this
scale.

Together with other forms of evidence, the patterns
in education-related described in this study may help
to inform the development and deployment of public
health messaging campaigns for COVID-19. There is
increasing recognition that COVID-19 messaging and
the promotion of non-pharmaceutical interventions
should be equity-oriented, accounting for inequalities
related to education, health literacy and socioeconomic
circumstances. A review published by the World Health
Organization Regional Office for Europe underscored the
importance of considering distinct audiences within and
across populations, and deliberately considering equity
to ensure diverse groups are reached, including practical
and financial supports to promote the acceptance, uptake
and adherence to public health measures [39].

Previous studies suggest that factors other than educa-
tion level may also be related to mask use in high income
countries. Badillo-Goicoechea et al. (2021) used the same
UMD-CTIS data source to study mask use across 38
countries, the majority of which were high income coun-
tries [14]. They found several sociodemographic factors
(older age, female gender, education, urbanicity) to be
associated with higher mask usage, while participation
in social behaviors deemed more optimal and risky in
the context of the current pandemic (such as going out to
large public events, restaurants, cafes, shopping centers,
or socializing outside of the household) was associated
with lower face mask usage. In a subnational study in
the United Kingdom, which reported lower adherence to
social distancing rules among those with advanced uni-
versity degrees, low vulnerability to COVID-19, and less
control over social distancing behaviors were also asso-
ciated with non-adherence [40]. Among young adults in
Switzerland, non-compliance with social distancing was
also found to be higher among individuals with higher
education [41].

We found that more stringent government policies on
social distancing were associated with higher levels of
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education-related inequality overall, although the asso-
ciation was weak. This may be related to the type of living
and working conditions among people with lower lev-
els of education and the consequential lower abilities to
social distance, despite government policies or guidance.
Being able to work from home, which tends to be more
common among people with higher education, has been
shown in previous studies to increase education-related
inequalities in social distancing practices [42].

Our finding that stricter mask-wearing policies were
significantly associated with higher mask use in pub-
lic settings was also reported in a study of mask use by
Badillo-Goicoechea et al. (2021) [14]. We additionally
reported preliminary findings that the level of educa-
tion-related inequality in mask use was not associated
with government policies around mask-wearing in high
income and low/lower middle income countries. This
may indicate that while mask use policies may influence
the national rate of mask use, they may not be effective
in addressing the situation of inequality in low/lower
middle income countries (where there is lower mask use
among the least educated groups). In contrast, in upper
middle income countries, increased stringency of gov-
ernment policies on facial coverings was associated with
lower levels of education-related inequality — indicat-
ing, perhaps, a stronger tendency to comply with mask
policies regardless of education level. These are, however,
only general observations of trends across countries; we
used an aggregate measure of government policy and did
not explore the impact of any particular policy.

Education-related inequalities in testing rates were
low in general and across country income groupings,
with variation observed across countries. The level
of education-related inequality was not found to be
associated with government testing policies. Testing
capacity is a factor that has been often cited as a deter-
minant of testing prevalence, particularly in lower
income countries where weaker laboratory infrastruc-
ture and resources have remained hurdles for scaling
up access to testing [43], and may explain why educa-
tion-related inequalities were low overall and variable
across countries.

The UMD-CTIS is subject to several limitations, many
of which are common to web surveys and self-reported
data. These are described in detail elsewhere [44]. Digital
surveys include selected populations that are not neces-
sarily representative of the wider population. They can
have nonresponse bias (as the decision to take the survey
may be correlated with other factors) and sampling bias
(as not everyone in every country has a Facebook app
account or uses their account regularly — particularly in
countries with low internet penetration). Missing survey
responses, particularly for questions that appear later in
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the survey, can be an issue if the order of survey ques-
tions does not occur at random. Moreover, sampling
weights were based only on attributes in Facebook pro-
files, and therefore could be subject to error. We were
also unable to control for certain factors that have been
shown in other studies to be correlated with COVID-19
prevention behaviors due to these not being collected
in UMD-CTIS, such as race/ethnicity and income level
(although we used housing overcrowding as a proxy
measure of economic status). Data for the United States
of America were not included in this study as these were
collected in a separate survey; however, we do not expect
this exclusion to change the overall results. Moreover, it
was beyond the scope of this study to control for poten-
tial biases caused by COVID-19 levels and containment
measures in the analysis.

Despite these limitations, there are several strengths
to this study. Our analysis leveraged the largest ongo-
ing data collection related to COVID-19 symptoms
and behaviors, which allowed us to examine and com-
pare trends across many countries. The survey has
substantially large sample sizes, with data collected
over a long time period in a real-time and continuous
basis. This study has focused on differences between
groups and trends over time, rather than the total pop-
ulation estimates, as non-response and coverage biases
will tend to remain relatively consistent across groups
and over time even if the point estimates are consist-
ently biased. To control for age and sex sample size
and composition issues, we employed post-stratifica-
tion weighting, and excluded countries with particu-
larly low sample sizes for age and sex subgroups from
the study.

Conclusions

In summary, our findings highlight important within-coun-
try education-related differences in COVID-19 preventa-
tive behaviours and testing. Beliefs in the effectiveness of
COVID-19 prevention practices were consistently higher
among the most educated regardless of country income
group, and there were large education-related inequali-
ties in mask usage and social distancing practices in low/
lower middle and upper middle income countries favor-
ing the most educated. Education-related inequalities in
mask usage and social distancing were, however, lower in
high income countries. More stringent government poli-
cies on social distancing were associated with higher lev-
els of education-related inequality overall. Moreover,
education-related inequalities tended to persist regardless
of government policies on mask usage, testing and pub-
lic information campaigns. These findings offer impor-
tant insights for public health approaches to prevention
that should account for socially differentiated living and
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working conditions. This study can serve as a benchmark
to continue to monitor inequalities, highlighting the impor-
tance of designing public health policies and messaging
campaigns that consider and target specific populations.
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Deidentified microdata are available to researchers under a Data Use
Agreement that protects the confidentiality of respondents. Access can be
requested online (https://covidmap.umd.edu/fbsurvey/). Country-level aggre-
gate weekly and monthly estimates for select indicators are also published

by the University of Maryland (https://covidmap.umd.edu/api.html). The
aggregate estimates and code used in this analysis are available from the cor-
responding author on reasonable request. The University of Oxford’s COVID-19
Government Response Tracker (OxCGRT) is publicly available online [31].

Declarations

Ethics approval and consent to participate

The UMD Institutional Review Board (1587016-10) approved the UMD Global
CTIS study. All respondents gave informed consent before participating in
the survey. Informed consent was documented in the digital platform by the
respondent (no witness required). This study did not include minors. None

of the data that support the findings of this study included any identifiable
human data.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Published online: 10 November 2022

References

1. World Health Organization. Advice for the public: Coronavirus disease
(COVID-19) [Internet]. 2021 [cited 2022 Feb 1]. Available from: https://
www.who.int/emergencies/diseases/novel-coronavirus-2019/
advice-for-public.

2. World Health Organization. COVID-19 infection prevention and control
living guideline: mask use in community settings, 22 December 2021
[Internet]. Geneva; 2021 [cited 2022 Feb 1]. Available from: https://www.
who.int/publications/i/item/WHO-2019-nCoV-IPC_masks-2021.1.

3. Huy LD, Nguyen NTH, Phuc PT, Huang CC. The Effects of Non-Pharmaceuti-
cal Interventions on COVID-19 Epidemic Growth Rate during Pre- and Post-
Vaccination Period in Asian Countries. Int J Environ Res Public Heal 2022,
Vol 19, Page 1139 [Internet]. 2022 Jan 20 [cited 2022 Feb 18];19(3):1139.
Available from: https://www.mdpi.com/1660-4601/19/3/1139/htm.

4. GeY,Bin ZW, Liu H, Ruktanonchai CW, Hu M, Wu X, et al. Impacts of
worldwide individual non-pharmaceutical interventions on COVID-

19 transmission across waves and space. Int J Appl Earth Obs Geoinf.
2022;1(106):102649.

5. Kannoth S, Kandula S, Shaman J. The association between early country-
level COVID-19 testing capacity and later COVID-19 mortality outcomes.
Influenza Other Respi Viruses [Internet]. 2022 1 [cited 2022 Feb 1];16(1):56—
62. Available from: https://pubmed.ncbi.nlm.nih.gov/34647421/.

6. World Health Organization. Recommendations for national SARS-CoV-2
testing strategies and diagnostic capacities: Interim guidance [Internet].
Geneva; 2021 [cited 2022 Feb 1]. Available from: https://apps.who.int/iris/
bitstream/handle/10665/342002/WHO-2019-nCoV-lab-testing-2021.1-
eng.pdf?sequence=1&isAllowed=y.

7. Parihar S, Kaur RJ, Singh S. Flashback and lessons learnt from history of
pandemics before COVID-19. J Fam Med Prim Care [Internet]. 2021 [cited
2022 Feb 171;10(7):2441. Available from: https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC8415662/.

8. Bults M, Beaujean DJMA, Richardus JH, Voeten HACM. Perceptions and
behavioral responses of the general public during the 2009 influenza
A (H1N1) pandemic: a systematic review. Disaster Med Public Health
Prep [Internet]. 2015 17 [cited 2022 Feb 17],9(2):207-219. Available from:
https://pubmed.ncbi.nim.nih.gov/25882127/.

9. Briscese G, Lacetera N, Macis M, Tonin M. Compliance with COVID-19
Social-Distancing Measures in Italy: The Role of Expectations and Dura-
tion. 2020 [cited 2022 Feb 17]; Available from: www.iza.org.

20.

21

22.

23.

24.

25.

Page 14 of 15

Shadmi E, Chen'Y, Dourado |, Faran-Perach |, Furler J, Hangoma P, et al.
Health equity and COVID-19: Global perspectives. Int J Equity Health
[Internet]. 2020 [cited 2022 Feb 11;19(1):1-16. Available from: https://equit
yhealthj.biomedcentral.com/articles/10.1186/512939-020-01218-z.

. Petherick A, Goldszmidt R, Andrade EB, Furst R, Hale T, Pott A, et al. A

worldwide assessment of changes in adherence to COVID-19 protective
behaviours and hypothesized pandemic fatigue. Nat Hum Behav 2021
59 [Internet]. 2021 [cited 2022 Feb 17];5(9):1145-1160. Available from:
https://www.nature.com/articles/s41562-021-01181-x.

Siddiquea BN, Shetty A, Bhattacharya O, Afroz A, Billah B, Siddiquea N.
Global epidemiology of COVID-19 knowledge, attitude and practice: a
systematic review and meta-analysis. BMJ Open [Internet]. 2021 [cited
2022 Feb 1];11:51447. Available from: http://bmjopen.bmj.com/.

Masoud AT, Zaazouee MS, Elsayed SM, Ragab KM, Kamal EM, Alnasser YT,
et al. Original research: KAP-COVIDGLOBAL: a multinational survey of the
levels and determinants of public knowledge, attitudes and practices
towards COVID-19. BMJ Open [Internet]. 2021 [cited 2022 Feb 2];11(2).
Available from: https://bmjopen.bmj.com/content/11/2/e043971.
Badillo-Goicoechea E, Chang TH, Kim E, LaRocca S, Morris K, Deng

X, et al. Global trends and predictors of face mask usage during the
COVID-19 pandemic. BMC Public Health [Internet]. 2021 [cited 2022 Jan
26];21(1):1-12. Available from: https://linkspringer.com/articles/10.1186/
$12889-021-12175-9.

Baghernezhad Hesary F, Salehiniya H, Miri M, Moodi M. Investigating Pre-
ventive Behaviors Toward COVID-19 Among Iranian People. Front Public
Heal [Internet]. 2021 [cited 2022 Feb 11;9:590105. Available from: https://
pubmed.ncbi.nlm.nih.gov/33665183/.

Siddiqui AA, Alshammary F, Amin J, Rathore HA, Hassan |, llyas M, et al.
Knowledge and practice regarding prevention of COVID-19 among the
Saudi Arabian population. Work [Internet] 2020 [cited 2022 Feb 11,66(4):767—
775. Available from: https://pubmed.ncbinlim.nih.gov/32925138/.

Al ahdab S. A cross-sectional survey of knowledge, attitude and practice
(KAP) towards COVID-19 pandemic among the Syrian residents. BMC
Public Health [Internet]. 2021 [cited 2022 Feb 1];21(1). Available from:
https://pubmed.ncbi.nlm.nih.gov/33546652/.

Faria de Moura Villela E, Lopez RVM, Sato APS, de Oliveira FM, Waldman
EA, Van den Bergh R, et al. COVID-19 outbreak in Brazil: adherence to
national preventive measures and impact on people’s lives, an online sur-
vey. BMC Public Health [Internet]. 2021 [cited 2022 Feb 1];21(1). Available
from: https://pubmed.ncbi.nlm.nih.gov/33461508/.

Ditekemena JD, Nkamba DM, Muhindo HM, Siewe JNF, Luhata C, Van den
Bergh R, et al. Factors associated with adherence to COVID-19 prevention
measures in the Democratic Republic of the Congo (DRC): results of an
online survey. BMJ Open [Internet] 2021 [cited 2022 Feb 11;11(1):e043356.
Available from: https://pubmed.ncbi.nim.nih.gov/33462101/.

Hossain MB, Alam MZ, Islam MS, Sultan S, Faysal MM, Rima S, et al. Do
knowledge and attitudes matter for preventive behavioral practices
toward the COVID-19? A cross-sectional online survey among the adult
population in Bangladesh. Heliyon. 2020;6(12):e05799.

Riou J, Panczak R, Althaus CL, Junker C, Perisa D, Schneider K, et al.
Socioeconomic position and the COVID-19 care cascade from testing to
mortality in Switzerland: a population-based analysis. Lancet Public Heal
[Internet]. 2021 [cited 2022 Feb 1],6(9):e683-e691. Available from: http://
www.thelancet.com/article/S2468266721001602/fulltext.

ZhuY, Duan MJ, Dijk HH, Freriks RD, Dekker LH, Mierau JO. Association
between socioeconomic status and self-reported, tested and diagnosed
COVID-19 status during the first wave in the Northern Netherlands: a
general population-based cohort from 49 474 adults. BMJ Open [Inter-
net]. 2021 [cited 2022 Feb 11;11(3). Available from: https://pubmed.ncbi.
nlm.nih.gov/33753448/.

Ali SH, Tozan Y, Jones AM, Foreman J, Capasso A, DiClemente RJ. Regional
and socioeconomic predictors of perceived ability to access coronavirus
testing in the United States: results from a nationwide online COVID-19
survey. Ann Epidemiol [Internet]. 2021 [cited 2022 Feb 11;58:7. Available
from: https://doi.org/10.1016/j.annepidem.2021.03.001.

Wu DC, Jha P, Lam T, Brown P, Gelband H, Nagelkerke N, et al. Predictors

of self-reported symptoms and testing for COVID-19 in Canada using a
nationally representative survey. PLoS One [Internet] 2020 [cited 2022 Feb
13,15(10). Available from: https://pubmed.ncbi.nim.nih.gov/33085714/.
Kreuter F, Barkay N, Bilinski A, Bradford A, Chiu S, Eliat R, et al. Partnering
with a global platform to inform research and public policy making. Surv


https://covidmap.umd.edu/fbsurvey/
https://covidmap.umd.edu/api.html
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/advice-for-public
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_masks-2021.1
https://www.who.int/publications/i/item/WHO-2019-nCoV-IPC_masks-2021.1
https://www.mdpi.com/1660-4601/19/3/1139/htm
https://pubmed.ncbi.nlm.nih.gov/34647421/
https://apps.who.int/iris/bitstream/handle/10665/342002/WHO-2019-nCoV-lab-testing-2021.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/342002/WHO-2019-nCoV-lab-testing-2021.1-eng.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/342002/WHO-2019-nCoV-lab-testing-2021.1-eng.pdf?sequence=1&isAllowed=y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8415662/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8415662/
https://pubmed.ncbi.nlm.nih.gov/25882127/
http://www.iza.org
http://dx.doi.org/10.1186/s12939-020-01218-z
http://dx.doi.org/10.1186/s12939-020-01218-z
https://www.nature.com/articles/s41562-021-01181-x
http://bmjopen.bmj.com/
https://bmjopen.bmj.com/content/11/2/e043971
http://dx.doi.org/10.1186/s12889-021-12175-9
http://dx.doi.org/10.1186/s12889-021-12175-9
https://pubmed.ncbi.nlm.nih.gov/33665183/
https://pubmed.ncbi.nlm.nih.gov/33665183/
https://pubmed.ncbi.nlm.nih.gov/32925138/
https://pubmed.ncbi.nlm.nih.gov/33546652/
https://pubmed.ncbi.nlm.nih.gov/33461508/
https://pubmed.ncbi.nlm.nih.gov/33462101/
http://www.thelancet.com/article/S2468266721001602/fulltext
http://www.thelancet.com/article/S2468266721001602/fulltext
https://pubmed.ncbi.nlm.nih.gov/33753448/
https://pubmed.ncbi.nlm.nih.gov/33753448/
https://doi.org/10.1016/j.annepidem.2021.03.001
https://pubmed.ncbi.nlm.nih.gov/33085714/

Kirkby et al. International Journal for Equity in Health

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

(2022) 21:158

Res Methods [Internet]. 2020 [cited 2021 Nov 22];14(2):159-163. Available
from: https://ojs.ub.uni-konstanz.de/srm/article/view/7761.

Astley CM, Tuli G, Mc Cord KA, Cohn EL, Rader B, Varrelman TJ, et al. Global
monitoring of the impact of the COVID-19 pandemic through online sur-
veys sampled from the Facebook user base. [cited 2022 Jan 26]; Available
from: https://doi.org/10.1073/pnas.2111455118.

University of Maryland. The University of Maryland Social Data Science
Center Global COVID-19 Trends and Impact Survey in partnership with
Facebook [Internet]. 2021 [cited 2021 Nov 22]. Available from: https://
covidmap.umd.edu/.

Barkay N, Cobb C, Eilat R, Galili T, Haimovich D, Larocca S, et al. Weights
and Methodology Brief for the COVID-19 Symptom Survey by University
of Maryland and Carnegie Mellon University, in Partnership with Face-
book. 2020 [cited 2021 Nov 22]; Available from: https://covidmap.umd.
edu/document/css_methods_brief.pdf.

University of Maryland. User Guide for the COVID-19 Trends and Impact
Survey Weights [Internet]. 2022 [cited 2022 Jun 1]. Available from: https://
dataforgood.facebook.com/dfg/resources/user-guide-for-ctis-weights.
Delphi's COVID-19 Trends and Impact Surveys (CTIS) | DELPHI [Internet].
[cited 2022 Jan 25]. Available from: https://delphi.cmu.edu/covid19/ctis/.
Hale T, Angrist N, Goldszmidt R, Kira B, Petherick A, Phillips T, et al. A global
panel database of pandemic policies (Oxford COVID-19 Government
Response Tracker). Nat Hum Behav 2021 54 [Internet]. 2021 [cited 2022
Feb 11,5(4):529-538. Available from: https.//www.nature.com/articles/
541562-021-01079-8.

World Health Organization. Handbook on health inequality monitoring:
with a special focus on low- and middle-income countries [Internet].
World Health Organization: Geneva; 2013 [cited 2022 Feb 21]. Available
from: https://www.who.int/docs/default-source/gho-documents/health-
equity/handbook-on-health-inequality-monitoring/handbook-on-health-
inequality-monitoring.pdf.

Schlotheuber A, Hosseinpoor A. Summary measures of health inequality:
a review of existing measures and their application. Int J Environ Res
Public Health. 2022.

Barros AJD, Hirakata VN. Alternatives for logistic regression in cross-sec-
tional studies: An empirical comparison of models that directly estimate
the prevalence ratio. BMC Med Res Methodol [Internet]. 2003 [cited 2022
Jan 271;3(1):1-13. Available from: https://bmcmedresmethodol.biome
dcentral.com/articles/10.1186/1471-2288-3-21.

United Nations Department of Economic and Social Affairs (UNDESA).
World Population Prospects 2019 [Internet]. 2019 [cited 2022 Jan 27].
Available from: https://population.un.org/wpp/.

Teasdale E, Santer M, Geraghty AWA, Little P, Yardley L. Public perceptions
of non-pharmaceutical interventions for reducing transmission of respira-
tory infection: systematic review and synthesis of qualitative studies. BMC
Public Health [Internet]. 2014 [cited 2022 Feb 18];14(1). Available from:
https://pubmed.ncbi.nim.nih.gov/24920395/

Matthews Pillemer F, Blendon RJ, Zaslavsky AM, Lee BY. Predicting
support for non-pharmaceutical interventions during infectious out-
breaks: a four region analysis. Disasters [Internet]. 2015 [cited 2022 Feb
18];39(1):125. Available from: https://doi.org/10.1111/disa.12089.

El Mouhayyar C, Jaber LT, Bergmann M, Tighiouart H, Jaber BL. Country-
level determinants of COVID-19 case rates and death rates: An ecological
study. Transbound Emerg Dis [Internet]. 2021 [cited 2022 Feb 17];1-10.
Available from: https://doi.org/10.1111/tbed.14360.

Ryan RE, Parkhill A, Schonfeld L, Walsh L, Lowe D, Merner B, et al. What
are relevant, feasible and effective approaches to promote acceptance,
uptake and adherence to physical distancing measures for COVID-19
prevention and control? 2021 [cited 2022 Feb 18]; Available from: https://
www.ncbi.nlm.nih.gov/books/NBK571247/.

Hills S, Eraso Y. Factors associated with non-adherence to social distanc-
ing rules during the COVID-19 pandemic: a logistic regression analysis.
BMC Public Health [Internet]. 2021 [cited 2022 Feb 1],21(1). Available
from: https://pubmed.ncbi.nlm.nih.gov/33581734/.

Nivette A, Ribeaud D, Murray A, Steinhoff A, Bechtiger L, Hepp U, et al.
Non-compliance with COVID-19-related public health measures among
young adults in Switzerland: Insights from a longitudinal cohort study.
Soc Sci Med. 2021;268:113370.

Blair A, Parnia A, Shahidi F V., Siddigi A. Social inequalities in protective
behaviour uptake at the start of the COVID-19 pandemic: results from

a national survey. Can J Public Health [Internet]. 2021 [cited 2022 Feb

43.

Page 15 of 15

11,112(5):818-830. Available from: https://pubmed.ncbi.nim.nih.gov/
34410654/.

Batista C, Hotez P, Amor Y Ben, Kim JH, Kaslow D, Lall B, et al. The silent and
dangerous inequity around access to COVID-19 testing: A call to action.
eClinicalMedicine [Internet]. 2022 [cited 2022 Feb 11;43:101230. Available
from: http://www.thelancet.com/article/S2589537021005113/fulltext.
University of Maryland. Survey Limitations - UMD Global CTIS Open Data
[Internet]. 2021 [cited 2022 ]. Available from: https://gisumd.github.io/
COVID-19-API-Documentation/docs/survey_limitations.html.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ojs.ub.uni-konstanz.de/srm/article/view/7761
https://doi.org/10.1073/pnas.2111455118
https://covidmap.umd.edu/
https://covidmap.umd.edu/
https://covidmap.umd.edu/document/css_methods_brief.pdf
https://covidmap.umd.edu/document/css_methods_brief.pdf
https://dataforgood.facebook.com/dfg/resources/user-guide-for-ctis-weights
https://dataforgood.facebook.com/dfg/resources/user-guide-for-ctis-weights
https://delphi.cmu.edu/covid19/ctis/
https://www.nature.com/articles/s41562-021-01079-8
https://www.nature.com/articles/s41562-021-01079-8
https://www.who.int/docs/default-source/gho-documents/health-equity/handbook-on-health-inequality-monitoring/handbook-on-health-inequality-monitoring.pdf
https://www.who.int/docs/default-source/gho-documents/health-equity/handbook-on-health-inequality-monitoring/handbook-on-health-inequality-monitoring.pdf
https://www.who.int/docs/default-source/gho-documents/health-equity/handbook-on-health-inequality-monitoring/handbook-on-health-inequality-monitoring.pdf
http://dx.doi.org/10.1186/1471-2288-3-21
http://dx.doi.org/10.1186/1471-2288-3-21
https://population.un.org/wpp/
https://pubmed.ncbi.nlm.nih.gov/24920395/
https://doi.org/10.1111/disa.12089
https://doi.org/10.1111/tbed.14360
https://www.ncbi.nlm.nih.gov/books/NBK571247/
https://www.ncbi.nlm.nih.gov/books/NBK571247/
https://pubmed.ncbi.nlm.nih.gov/33581734/
https://pubmed.ncbi.nlm.nih.gov/34410654/
https://pubmed.ncbi.nlm.nih.gov/34410654/
http://www.thelancet.com/article/S2589537021005113/fulltext
https://gisumd.github.io/COVID-19-API-Documentation/docs/survey_limitations.html
https://gisumd.github.io/COVID-19-API-Documentation/docs/survey_limitations.html

	Education-related inequalities in beliefs and behaviors pertaining to COVID-19 non-pharmaceutical interventions
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Data
	Study population
	Outcome variables
	Predictor and control variables
	Country-level government responses
	Statistical analysis

	Results
	National averages
	Education-related inequality
	Belief in the effectiveness of COVID-19 prevention behaviors
	Mask usage
	Social distancing
	Testing for COVID-19
	Change in inequality over time
	Controlling for the effect of government responses

	Discussion
	Conclusions
	References


