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Abstract

The COVID-19 pandemic has challenged the global medical community and government
officials. This study aimed to verify whether the level of education influences COVID-19
mortality rates considering the population’s average age since elderly patients are more likely
to have adverse outcomes from the disease. The study used secondary data on education
presented in the GCR 2019. Also, data on COVID-19 and the average age of the population

was obtained from the Worldometer platform, examining a sample of 133 countries.
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THE ROLE OF EDUCATION ON INFECTIOUS DISEASES MORTALITY RATES: THE COVID-19 CASE

The results show that high levels of education tend to mitigate the effect of the average
age of the population on the number of deaths per million inhabitants, indicating that

education, regardless of age, makes people more prepared to avoid COVID-19.
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Introduction

A new SARS (severe acute respiratory syndrome) associated with coronavirus was
identified at the end of 2019 and has challenged the world medical community. The
virus SARS-CoV-2 has spread worldwide, and its disease, called COVID-19, was

declared a pandemic (Guo et al., 2020).

The SARS-CoV-2 was first identified in Wuhan, China, in December 2019 (Mehta et al.,
2020). It has demonstrated its potential to generate large outbreaks of COVID-19 in
confined environments and advance across borders by following human mobility
patterns (Shim, Tariq, Choi, Lee, & Chowell, 2020). Although the disease often induces
mild symptoms common to other respiratory infections, it may also cause complications
among certain groups — the elderly and individuals with underlying health problems,
such as cardiovascular disease and diabetes. However, the new coronavirus

epidemiology is still being elucidated (Nepomuceno et al., 2020).

One of the main characteristics of COVID-19 is that it is highly contagious and has
higher mortality than influenza. Therefore, it is crucial to adopt immediate actions to
contain its spread. Respiratory failure due to problems associated with acute respiratory
syndromes is the main cause of mortality. Elderly patients with comorbidities, such as
hypertension and diabetes, are more likely to have adverse outcomes (Mehta et al.,
2020).

In general, COVID-19 imposes many challenges to the scientific community, particularly
regarding its determinants, symptoms, forms of contagion, effects, and health conditions
favoring or mitigating contagion. One of the factors that have played a different role is
age, considering the high mortality rate among the elderly (Dowd et al., 2020; Esteve,
Permanyer, Boertien, & Vaupel, 2020).

At the same time, studies are dedicated to establishing relationships between education
and health (Barcellos, Carvalho, & Turley, 2018; Bockerman & Maczulskij, 2016;
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Olshansky et al., 2012), indicating that infectious diseases decrease as the general
educational level of a population increases. However, when looking at the literature on
COVID-19, no studies relate education, age, and mortality in a single model, which
raises the following research question: how do education levels relate to the COVID-19
mortality rates considering the population’s average age? This study aims to verify the
relationship of level of education with these two elements — average age and COVID-19
- related mortality rate. Therefore, this work contributes by adding other variables to the

research on the determinants and effects of COVID-19.

Education and health

Among the various aspects related to health, formal education is one of the strongest
(Barcellos et al.,, 2018; Botckerman & Maczulskij, 2016). However, the impact of
education on people’s health is still little explored by academia and public authorities.
Knowledge of the prevalence and the main variables associated with infectious
diseases can provide support to assess the dimension of an outbreak and plan and
implement actions to promote health and prevent complications in health/disease
processes (Pioli et al., 2016). Thus, policymakers’ strategies should consider education

aspects for health improvement (Zimmerman et al., 2018).

Studies such as Olshansky et al. (2012) observe significant changes in mortality rates
when considering different educational levels, from primary to secondary education.
According to Montez, Hummer, and Hayward (2012), each additional year of high
school moderately reduced mortality rates, and high school completion was associated
with an even greater decline in this indicator. According to the authors, additional years

of education after high school influence significantly the reduction of mortality.

Levin, Belfield, Muennig, and Rouse (2007) researched the fight against dengue in the
Caribbean region of Colombia. The authors observed that people with some knowledge
acted as information multipliers in the fight and prevention, and those with a higher
education level answered questions about dengue symptoms and transmission more
accurately. Also, this group demonstrated a higher level of attitudes and practices
towards controlling the disease, whereas populations with a lower level of education are
particularly vulnerable, and their participation in control programs can be difficult.
Therefore, having these populations in dengue and other disease control programs
would be applied (Diaz-Quijano et al., 2018).
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In regional studies carried out in countries with large territories, such as Brazil,
infectious and parasitic diseases are still part of the population’s daily life. All health and
education indicators studied correlated significantly with mortality from these diseases.
The results showed that the environmental and sanitation conditions, as well as the
residents’ socioeconomic conditions, together with the disclosure of basic personal,
domestic, and community hygiene measures, impact the population’s health, reflecting
on the morbidity and mortality by diseases of different etiologies, including infectious
and parasitic diseases (Pioli et al., 2016).

Martins, Boranga, Latorre, Pereira, and ABES (2002) highlight that people with a higher
education level have a higher level of hygiene, reducing the mortality rates related to
infectious and parasitic diseases. Low maternal education, reflecting the impossibility of
discerning signs of the severity of symptoms, combined with the difficulty of access to
health services and the lack of support networks for families, tends to increase mortality

from infectious and parasitic diseases in this population.

Additionally, the relationship between education and health has an impact on the
economy. Research suggests that in the US alone, health care costs for people with
higher education are lower by trillions of dollars a year compared to people with less
education (Schoeni, Dow, Miller, & Pamuk, 2011).

Education can affect health in several ways (Cutler, Lleras-Muney, & Vogl, 2012). It can
be related to the general level of information, the ease of adopting new information, and
valuable personal characteristics, such as self-control, the position at work, and level of
wealth (Béckerman & Maczulskij, 2016). A more educated and healthier population
reduces spending on health care. The return on investment involves a more productive
workforce, better income, and tax revenues, lower unemployment rates, and a stronger
economy. Additionally, people with higher education have less chance to be
unemployed, need lower economic assistance, or use support net programs. Thus, the
higher incomes of a prepared workforce increase tax revenues and regional and

national economies (Zimmerman et al., 2018).

Age and COVID-19

Age is a marker of accumulation of continuous damage throughout life and is
associated with disabling and chronic diseases. In this sense, age is fundamental to
study and understand the diversity in mortality risks caused by COVID-19 (Nepomuceno
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et al., 2020). Although different age groups may experience the severe consequences
of COVID-19, the virus has a greater impact on people over 65 (Dudel et al., 2020;
Onder, Rezza, & Brusaferro, 2020; Yang et al., 2020). Lakhani (2020), in a survey
conducted with data from the US, concluded that over 31% of adults over 65 needed
hospitalization because of COVID-19, and from 4% to 11% of adults between 65 and 84

years old died. In the population over 85, the mortality rate varies from 11% to 27%.

Davies et al. (2020) evaluated these possibilities by adjusting a mathematical model
structured by age to epidemic data from China, Italy, Japan, Singapore, Canada, and
South Korea. The authors concluded that the susceptibility to infection in people under
20 years is approximately half that of adults over 20. The clinical symptoms present in
21% of infections in the 10-19 age group, increase to 69% of infections in people over
70.

Thus, it was found that interventions applied to children can have a small impact in
reducing the transmission of SARS-CoV-2, especially if the transmissibility of infections
is low. In countries with a younger population — like many low-income countries — the
expected incidence per capita of cases should be lower than in countries with an older
population. However, comorbidities in low-income countries are also likely to lead to an
aggravated form of the disease (Davies et al., 2020). Without adequate control
measures, regions with relatively older populations could disproportionately see more
cases of COVID-19, particularly in the final stages of an unmitigated epidemic.

Studies have discussed the role of specific age groups (especially children) in
transmitting the virus, and countries have adopted age-specific policies, such as closing
schools and prolonged confinement for older people in their homes (Esteve et al.,
2020). Also, an increasing number of governments are imposing or recommending

domestic quarantines to contain the virus’s spread (Dowd et al., 2020).

Dowd et al. (2020) highlight the importance of demography to analyze COVID-19-
related mortality. For the authors, the population’s age, and the contact between
individuals of different generations help explain the differences in fatality among
countries and help estimate the potential impact of the pandemic on different

populations.

The age structure of the population — indicating the proportion of young or older people

— and the structure of co-residence — how large families are and how old their members
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are — are two key factors that determine the countries’ vulnerability to the COVID-19
pandemic and how effective general and age-specific home containment policies can be

in reducing mortality after an outbreak (Esteve et al., 2020; Verity et al., 2020).

The COVID-19 pandemic showed a markedly low proportion of cases among children
(Davies et al., 2020). The age disparities in the observed cases can be explained by the
fact that children are less susceptible to infection and less likely to have clinical

symptoms.

Sun, Yang, Zhang, and Cheng (2020) sought to understand the factors that influence
the risks related to COVID-19 and the coping behaviors of the elderly about the disease,
providing a basis for taking corresponding protective measures. The study found that
elderly individuals with a higher understanding of COVID-19 had better protective
behaviors to face the pandemic.

Development of the research hypothesis

The literature involving the effect of age on the number of COVID-19-related deaths has
consistently shown that older people are more susceptible to die from the disease
(Davies et al., 2020; Dudel et al., 2020; Lakhani, 2020; Nepomuceno et al., 2020; Onder
et al., 2020; Verity et al., 2020; Yang et al., 2020). The literature also shows the
influence of education on the spread and mortality from infectious and parasitic
diseases: people with better levels of education are also better prepared and aware of
the necessary care to contain the spread of these diseases (Barcellos et al., 2018;
Bockerman & Maczulskij, 2016; Pioli et al., 2016; Zimmerman et al., 2018).

Studies by Tantrakarnapa, Bhopdhornangkul, and Nakhaapakorn (2020) and Usman et
al. (2020) suggested the direct influence of education in containing the spread and
mortality of COVID-19. The first study highlights the initiative of Buddhist monks
involved in health promotion and education in remote rural communities, indicating that
educational actions limit the disease’s spread and mortality. The second work shows
the role of salespeople in rural markets as disseminators of information about the care
needed to control COVID-19. Thus, both examples show that the sources of information
and education level play a fundamental role in building knowledge and practices about
the disease.
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Although existing studies show that education, the average age of the population, and
COVID-19 mortality rates are related, there are no studies that deal with education as a
mitigator of the relationship between average age and COVID-19 mortality rate. Thus,

the following research hypothesis is proposed:

H1: Education plays a moderating role in the relationship between average age and
COVID-19 mortality rate.

Figure 1 illustrates the structural model developed according to hypothesis 1.

Education

Average age

v COVID-19 mortality
rate

A 4

Figure 1 — Structural model
Source: Elaborated by the authors

Methodology

This study used secondary data on education obtained from indicators from 137
countries present in The Global Competitiveness Report (GCR) 2019, published by the
World Economic Forum (WEF) (Schwab, 2019), pillar 6, which is focused on education
in countries context. The variables that comprise pillar 6 are Mean years of schooling,
Quality of vocational training, Extent of staff training, Digital skills among the active
population, Skillset of graduates, School life expectancy, Critical thinking in teaching,

Ease of finding skilled employees, and Pupil-to-teacher ratio in primary education.

Table 1 presents the definitions of the variables that make up pillar 6 of the GCR.

Table 1 — Definition of variables

Variable Description

Mean years of schooling The average number of completed years of
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education of a country’s population aged 25 years
and older, excluding years spent repeating
individual grades

Extent of staff training

Response to the survey question “In your country,
to what

extent do companies invest in training and
employee development?” [1 = not at all; 7 = to a
great extent]

Quality of vocational training

Response to the survey question “In your country,
how do you assess the quality of vocational
training?” [1 = extremely poor among the worst in
the world; 7 = excellent among the best in the
world]

Skillset of graduates

The average score of the following two Executive
Opinion Survey questions: “In your country, to
what extent do graduate students from secondary
education possess the skills needed by
businesses?” and “In your country, to what extent
do graduating students from university possess
the skills needed by businesses?” In each case,
the answer ranges from 1 (not at all) to 7 (to a
great extent)

Digital skills among the active
population

Response to the survey question “In your country,
to what
extent does the active population possess
sufficient digital skills (e.g. computer skills, basic
coding, digital reading)?” [1 = not all; 7 = to a great
extent]

Ease of skilled

employees

finding

Response to the survey question “In your country,
to what extent can companies find people with the
skills required to fill their vacancies?” [1 = not at
all; 7 = to a great extent]

School life expectancy

Total number of years of schooling (primary
through tertiary) that a child of school entrance
age can expect to receive

Critical thinking in teaching

Response to the survey question “In your country,
how do you assess the style of teaching?” [1 =
frontal, teacher based, and focused on
memorizing; 7 = encourages creative and critical
individual thinking]

Pupil-to-teacher ratio in

primary education

The average number of pupils per teacher, based
on headcounts of both pupils and teachers

Source: Schwab (2019)

COVID-19 data (deaths/million inhabitants) and the average age of the population were
obtained from the Worldometer platform (https://www.worldometers.info/coronavirus/)
(Worldometer, 2020. Retrieved October 27, 2020).
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The Worldometer is managed by an international team of developers, researchers, and
volunteers, offering global and up-to-date statistics, including statistics on the COVID-19
pandemic. Worldometer was voted one of the best free reference sites by the American

Library Association (ALA), the largest and oldest library association in the world.

The two databases (GCR/WEF and Worldometer) generated the final database used for
this research, observing a sample of 133 countries.

The quantitative method adopted involved regression analysis with model 1,
corresponding to the structural model in Figure 1, PROCESS (Hayes, 2018), macro for
the IBM SPSS Statistics® 20.0 software.

Analysis and discussion

The research hypothesis was tested using the simple moderation model (model 1), as
suggested by Hayes (2018). The author argues that non-standardized coefficients are
the preferred metric when reporting causal modeling results. Thus, PROCESS model 1
was estimated to verify the moderating action of education in the relationship between

the average age of the population and COVID-19 deaths per million inhabitants.

The analysis of the direct effect, without moderation, showed a significant result (B =
7.313, CI [3.209 : 11.417], SE = 2,074, p <0.001, R? = 0.087), corroborating data from
the literature that indicate that the greater the age of those affected by COVID-19, the

higher the incidence of death.

The analysis of the model with the inclusion of the Education variable showed
significant moderating action (B = -0.3374, Cl [-0.6671 : -0.0077], SE = 0.1667, p
<0.045, R? = 0.1260), supporting the hypothesis, with positive and significant effects of
low levels of education on the average age of the population and number of COVID-19
deaths per million inhabitants. The variation in the value of the determination coefficient
(R?) was significant, indicating that the model with moderation has greater explanatory
power than the model without moderation. Using the Johnson-Neyman technique
(Figure 2, average education value, plus and minus one standard deviation), it appears
that the positive effect of the interaction between average age and education occurs for
situations of low education level, ceasing to be significant for higher values of education.
Thus, high levels of education tend to mitigate the effect of the average age of the

population on the number of deaths per million inhabitants, indicating that education,
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regardless of the age, makes people more prepared to prevent the disease and offer

greater capacity to face its spread.

300.00

250.00

= 200.00
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©
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100.00
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-9.2543 0 9.2543
Average age of the population
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Figure 2 — Moderating effect of education on the relationship between the average age of the
population and the number of COVID-19 deaths per million

Source: Elaborated by the authors

The statistical robustness of the moderation test was verified using the G*Power®
3.1.9.2 software, resulting in 0.9646 (post-hoc test) and an effect size of 0.1442.
Despite a low value of determination coefficient (R?) for the moderation model (0.1260),
it is possible to say the model is reliable due to the statistical power found for the
analysis performed (Hayes, 2018).

Conclusion

The scientific community has faced great challenges and dilemmas due to the COVID-
19 pandemic, producing numerous research on this issue. The literature shows that age

is considered to be one of the determining factors in the lethality of the disease, and
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education is a variable that mitigates the spread and fatality of infectious diseases in

general.

This research’s objective was to verify whether the educational level affects the
mortality rates observed in the population considering the average age. It contributes to
the field by offering an analysis of the three variables concurrently, adding the
educational level to the discussions about the relationship between average age and
the COVID-19 mortality rate.

Through multivariate data analysis, the moderating effect of education on the
relationship between the average age of the population and the number of deaths per
million inhabitants was observed. There were positive and significant effects of low
levels of education on this relationship, which means that when the population’s

education level is low, there is a higher incidence of deaths among the elderly.

However, it was found that high levels of education tend to mitigate the effect of age on
the number of deaths. Thus, regardless of age, education makes people more aware of

how to avoid the disease, effectively building capacity to face the pandemic.

In the short term, education, and information for the population on preventing and
combatting the pandemic are essential, regardless of age and possible existing
comorbidities. In strategic terms, the improvement and comprehensiveness of education
must be part of the list of actions within the scope of public and private policies to face
diseases and epidemics such as COVID-19.

This research reinforces the literature regarding the liberating role of education in
raising awareness and preparing the population to make decisions related to health

care and face the vicissitudes of everyday life.
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