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INTRODUCTION

More than 10 months after the first case of COVID-19 in Africa was detected (in Egypt on February
14), prevalence and mortality are still relatively low and, although there are many hypotheses, the
reasons remain unclear (1–3).

Reduced virulence of SARS-CoV-2 in Africa, genetic or trained immunity, and young
population (3, 4) are among the main reasons being evaluated.

RELIABILITY OF THE DATA FOR HYPOTHESIS AND

CONCLUSIONS

However, it should be considered that conclusions based on the limited available data might be
misleading, also considering the fragility of the surveillance and health systems in many African
countries and the possible weakness of their data. In addition, data governance in emergency
contexts in Africa is historically difficult and some evidence shows that several African countries
exert a tight control on public data and information (3, 5), particularly in the case of epidemics.

The WHO African Region reports that complete data on age and gender distribution are
presently available only for around 1% of total confirmed cases and that the recent observed decline
of cases should be interpreted with caution as many factors could explain this trend, including,
but not limited to, changes in testing capacity and strategy, and reporting delays (6). In fact, low
numbers of performed tests and high variability within national testing strategies (i.e., due to scarce
resources, some countries are testing only symptomatic cases) do not allow monitoring the actual
entity of the pandemic in the countries.

Although it increased since the starting of the pandemic, the total tests per population is still<10
per 1,000 in many countries. On December 7, the total daily COVID-19 tests in Africa oscillates
between 0 and 1/1000 for around 20 countries with available data (7).

With limited testing, the positive rate might give some suggestions on the progression of the
epidemic. Where the number of confirmed cases is high relative to the extent of testing, probably
not enough tests are being carried out to properly monitor the outbreak. In such countries, the
true number of infections may be far higher than the number of confirmed cases. “And where the
positive rate is rising in a country, this can suggest the virus is actually spreading faster than the
growth seen in confirmed cases” (7).

4

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.613484
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.613484&domain=pdf&date_stamp=2021-02-05
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:mariagrazia.dente@iss.it
https://doi.org/10.3389/fpubh.2021.613484
https://www.frontiersin.org/articles/10.3389/fpubh.2021.613484/full


Dente et al. Impact of Covid-19 in Africa

Less than 5% of samples positive for COVID-19, at least for
the last 2 weeks (assuming that surveillance for suspected cases is
comprehensive), is one of theWHO criteria that indicate that the
epidemic is under control (8).

In those African countries whose data are available, the
positive rate on December 8 oscillates between 2.2 (Togo) and
28.2 (Democratic Republic of Congo), with increasing trend in
some cases. However, how these values can be interpreted when
very low number of tests are performed (Togo 0.11/1000 and
DRC <0.01/1000)? (7).

In countries where data are collected, indications on the entity
of this pandemic are provided by the excess of mortality, as
reported by the South African Medical Research Council. From
6 May to 14 July, South Africa reported 4.453 COVID-19 deaths,
but experienced 17.090 more deaths from all natural causes than
would be expected based on historical averages. These excess
deaths might be attributed to unreported COVID-19 deaths
as well as due to other diseases, as health services are re-
orientated, but South African researchers deem that COVID-19
underreporting has the biggest role in these unexplained excess
deaths (9).

It is also challenging to understand what worked and what
did not without reliable data that allow comparison (10). There
has been limited testing of asymptomatic cases or of antibody
titers to evaluate successes of early interventions in preventing
transmission or possible differences in susceptibility between
populations of different regions (3, 11). It is also plausible that not
all countries have been able to implement and maintain the same
containment and control measures for the epidemic over time.
Therefore, comparisons are risky, and it is difficult to identify
“winning and effective” strategies without considering specific
national situations (12–15) as in the recent attempt done in Mali,
Burkina Faso, Senegal, and Guinea (16). Often, as in these four
countries, the strategies adopted are very similar to those applied
in high-income countries, but the contexts are very different,
and this seems to lead to suboptimal results. This is the case of
measures that have had a strong impact on the existing social
and cultural realities, compromising their acceptability within
the communities.

In Nigeria, a multisectoral approach was planned including
various levels of lockdowns and ban of gatherings. However,
the envisaged mobilization of relevant stakeholders was partially
missing, faith leaders were not appropriately engaged, and,
despite the ban, they conducted congregation services (17); in
Ghana, lockdownmeasures were activated from the earliest cases,
but the epidemic was significant even if with a reported low case
fatality ratio (0.6%) (6, 18).

IMPACT OF COVID-19 EPIDEMIC’S

CONTAINMENT STRATEGIES AND

MEASURES

On the basis of what has been reported and discussed in
the previous section, the relatively low number of cases and
deaths of COVID-19 reported in some African countries might
be really far from the real situation. Moreover, the overall

impact of the containment strategies and measures should not
be underestimated.

Worldwide, lockdown and containment measures have posed
major challenges, and the restrictive provisions needed to detect,
test, isolate, and track positive cases of SARS-CoV-2 infection
involve a very broad spectrum of activity and deeply affect
national socio-economic dynamics.

The need for considerations on the impact of these measures
is therefore fundamental and even more stringent as regards
fragile states. For example, in order to flatten the outbreak
curve, some African governments have imposed severe public
health measures based on physical distancing to reduce
transmission. However, the repercussions of this approach in
poor communities may have been underestimated, and it is
plausible that, ultimately, the lives lost due to the lockdown could
outweigh those saved by COVID-19. In fact, some unwanted and
potentially fatal consequences of social isolation are threatening
the livelihood of African citizens, worsening the economic
situation and increasing food insecurity, finally affecting also
social stability and the genuine efforts of some countries in
transition toward possible horizons of democracy (16, 19–23).

There is a need for targeted containment interventions
monitored over time based on context-specific evidences that
gradually consolidate. For example, outcomes from response to
the COVID-19 epidemic in Zimbabwe suggest the restriction of
the movement of people between different suburbs and between
urban and rural areas while allowing some level of economic
activity in association with active surveillance and testing for both
imported and community cases (24, 25).

Some recent modeling studies show that before implementing
travel restrictions, local COVID-19 incidence, local epidemic
growth, and travel volumes should be considered, as restrictions
seem to affect epidemic dynamics only in countries with low
COVID-19 incidence and large numbers of arrivals from other
countries, or where epidemics are at exponential growth (26).

The WHO “Pulse survey on continuity of essential health
services during the COVID-19 pandemic” reported that all
services were affected, including essential services, in nearly all
countries, and more so in lower-income than higher-income
countries (27, 28).

In many African countries, COVID-19 is “among” the
country’s epidemics, along with cholera, measles, malaria,
and Ebola (29, 30). The COVID-19 epidemic response has
exacerbated these fragile situations by reducing access and
service delivery, as consequences of re-orientation of services,
reduction of mobility, and fear of using the services. The
focus on COVID-19 has diverted the attention away from the
common pediatric infectious diseases, reproductive health care,
the management of obstetric complications, and the provision
of routine immunization services, which has been substantially
blocked in at least 68 countries around the world, putting around
80 million children under the age of 1 at risk (31, 32).

Modeling estimations show that if the COVID-19 pandemic
results in widespread disruption to health systems, childbirth care
and child curative services will be the most affected and would
account for the greatest number of additional maternal and child
deaths (33).
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Large numbers of patients in Africa with HIV and tuberculosis
are dependent on functional health services, and if access
to treatment is reduced or interrupted, the consequences for
individual and public health can be substantial (34, 35).

The phenomenon is well-known, especially in Africa. The
results from the modeling estimations done after the West
African Ebola outbreak of 2014 are emblematic. They showed
how dramatic was the impact on malaria, HIV/AIDS, and
tuberculosis mortality rates through reduced access to treatment
for varying reductions in treatment coverage. The modeling
study indicated that 11,300 deaths from the Ebola virus had
been nearly matched by 10,600 excess deaths from other diseases,
especially malaria, HIV/AIDS, and tuberculosis (9, 36).

Fortunately, there is now awareness on these critical unwanted
consequences, and efforts are ongoing to identify viable solutions
(37). At this point, the hope is that health systems will not disrupt,
but rather strengthen themselves to face the imminent challenges
posed by COVID-19 vaccinations (38).

DISCUSSION

The monitoring of the progression of the COVID-19 pandemic
in Africa is presently very challenging, mainly due to the
very fragile health systems involved, which are struggling to
implement containment strategies and to collect data to monitor
the situation.

However, even if over time we had more data to monitor the
pandemic in the continent, the overall consequences are easily
predictable now, even without further modeling studies.

In this critical situation, the health workforce has also
decreased, considering that, as per september 2020, more than
42,000 health workers were infected in Africa since the start of
the pandemic with around 880 deaths (2.1% CFR) (6).

In addition, the deterioration of the global economy because
of the COVID-19 pandemic predicts an increase in absolute
poverty (39, 40) and compromises the achievements of the
Sustainable Development Goals (41) with additional harsh
repercussions on the African continent.

In this situation, an unprecedented and participatory effort
involving all stakeholders is requested to identify strategies that
can contain the extent of this current protracted emergency
without affecting the delivery of primary health care services.
The African continent cannot afford the further weakening of its
already fragile health system, and the tightness of the system will
both increase the availability of reliable data and help to cope with
the other dire consequences of this epidemic. Now, more than
ever, effective aid and sound cooperation are to be sustained.
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A questionnaire survey was promoted under the COST Actions “Network for Evaluation

of One Health-NEOH” and “European Network for Neglected Vectors and Vector-

Borne Infections-EURNEGVEC”, from June 2016 to April 2017, to collect information

on the existence of One Health (OH) collaboration and implementation of OH

initiatives in 37 EU COST Countries. The questionnaire was to be answered by

key respondents representing the three major OH components: (i). Animal Health;

(ii). Human Health/Public Health; (iii). Environmental Health. A target respondent rate

of nine respondents/country was aimed for, representing the following categories:

(i). ministries; (ii). academia-research; (iii). private sector and NGOs, associations

and scientific societies. The questionnaire, composed of 27 questions organized

in six sections, was circulated to target respondents by Committee Members of

the two COST actions. A total of 171 respondents from 34 countries completed

the questionnaire, mainly belonging to academic and research institutions (55.5%),

and to Animal Health/Animal Science fields (53.8%). Although the majority (57.9%)

declared they had heard about OH, few respondents (10.7%) provided a complete

definition. The “human” and “animal” elements prevailed over other key elements of

OH definition (ecosystem, intersectoral, transdisciplinary, holistic, collaboration). Overall,

62.6% respondents declared to take part in OH initiatives. Antimicrobial resistance,

avian influenza and environmental pollution were cited as the top three OH issues

over the past 5 years. Limitations and gaps in intersectoral collaboration included

communication and organizational problems resulting in poor networking, differing

priorities and a lack of understanding between sectors. Regarding control and monitoring

of zoonotic diseases, respondents from different sectors preferentially selected their

own directorates/ministries while actually in most countries both Ministry of Health and

Ministry of Agriculture are engaged. According to respondents, the level of awareness

of OH amongst the general public is limited. Similarly, a dearth of opportunities of

collaborations at different institutional and/or professional levels was described. Our

survey provided an overview of how respondents in COST countries perceived and

experienced OH and current limits to OH implementation. Identifying how initiatives are

8

https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://www.frontiersin.org/journals/public-health#editorial-board
https://doi.org/10.3389/fpubh.2021.609949
http://crossmark.crossref.org/dialog/?doi=10.3389/fpubh.2021.609949&domain=pdf&date_stamp=2021-02-17
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/public-health#articles
https://creativecommons.org/licenses/by/4.0/
mailto:daniele.demeneghi@unito.it
https://doi.org/10.3389/fpubh.2021.609949
https://www.frontiersin.org/articles/10.3389/fpubh.2021.609949/full


Chiesa et al. One-Health Perception and Experiences Europe

currently working and knowing the promoting and hindering factors allowed suggesting

strategies to promote efficiency and effectiveness of OH implementation in the future.

Keywords: questionnaire survey, One Health, EU COST countries, intersectoral collaboration,

interdisciplinary/multidisciplinary, OH strategies and policies

INTRODUCTION

The collaboration between human, animal and environmental
health sectors is considered crucial; a need highlighted by recent
financial, economic, social, environmental and health crises. The
complexity of health determinants, makes it difficult for single
disciplines and institutions to deal with all health problems and
challenges related to animal, public and environmental health
(1, 2).

Changes in land use, habitat fragmentation, ecosystem
invasion, direct and indirect interactions between animal species,
including ourselves, have increased, and this has led to changes to
ecological or biological systems. This fact has greatly contributed
to the emergence of zoonotic pathogens: changes in patterns of
contact between wild and domestic animals (e.g., Nipah virus),
direct human and wild animal contact (e.g., HIV, Ebola), and
changes in species abundance or diversity (e.g., Hantavirus,
Lyme disease) (3). New pathogens might have the capacity
for inter-human spread and even pandemic potential among
humans, as observed in the current COVID-19 global emergency.
Outbreaks of highly infectious diseases, including zoonoses, but
also antibiotic resistance, interrelated obesity in humans and
pets, food security and food safety, problems related to growing
urbanization, lack of green spaces in the cities, uncontrolled
environmental pollution and biodiversity loss, are only few
examples where an integrated approach to health, such as One
Health (OH), can be effectively employed (1, 2). Not only
“classical zoonoses” can be tackled using a OH approach, but
also other hazards occurring at the human, animal, ecosystem
interface, such as exposure to toxicants through the environment
and foods of animal origin. Some authors even advocate this
new perspective as “toxicant-related zoonoses” highlighting the
importance of new food safety issues within the environment-
feed-food chain (4). Also, climate change adds uncertainty and
contributes to health crises, affecting biological systems through
various mechanisms, such as modifying the lifecycle of vectors,
host species and pathogens, disrupting the synchrony among
species, destructing habitats, etc. (5). Since species experience
environmental changes differently, the expertise from veterinary,
environmental and public health professionals are needed to
understand ecological interactions and to forecast plausible
reactions. The integration of expertise from environmental and
life sciences can help to deepen knowledge and to understand
each aspect of an issue, combining different perspectives (6).

In Europe, but also elsewhere, the degree and quality
of collaboration amongst various health disciplines and
institutions varies substantially. Integrated approaches to
health are challenging because they require complex systems of
communication and collaboration that are difficult to delimit
(1). Despite the above-mentioned difficulties, in many European

countries, a large number of integrated health initiatives has
been implemented, some of them described or reported as
“One Health.” Several studies investigated OH characteristics,
provided proof of concept, demonstrated its added value, or
established how to evaluate OH initiatives (7–14). Moreover,
the World Bank published guidance on how to operationalize
OH (15). Similarly, national action plans to combat AMR
are encouraged to use OH principles (16). These efforts have
generated momentum in OH and led to many different initiatives
worldwide. A study looking at OH networks globally found a
multitude of different networks, but generally a lack of direction
and institutionalization (17). There is currently no register in
Europe that would allow gaining a systematic understanding of
the OH landscape in Europe.

In order to explore existing collaboration amongst the
animal health, human/public health, environmental health
and sectors, and to collect information on the existence
and implementation of OH actions and initiatives in EU
countries, a questionnaire-based survey was designed and
circulated amongst EU COST Member Countries, associated
and near-neighbor countries (https://www.cost.eu); there were
37 countries at the time the survey was initiated. The
questionnaire was designed and promoted under the initiatives
of the COST Actions TD1404 “Network for Evaluation of One
Health-NEOH” (http://neoh.onehealthglobal.net) and TD1303
“European Network for Neglected Vectors and Vector-Borne
Infections-EURNEGVEC” (https://www.eurnegvec.org).

MATERIALS AND METHODS

The questionnaire was developed in Google forms and
structured in six sections: (1). general information; (2). about
“One Health”; (3). zoonotic diseases, environmental health and
AMR: examples of “burning” OH issues/initiatives; (4). aspects
limiting interdisciplinarity and intersectorality in OH; (5).
conclusions; (6). end of questionnaire (including comments,
remarks and/or suggestions).

The survey consisted of 27 questions addressing the above
mentioned objectives (i.e., to explore the existing collaboration
amongst animal health, human/public health, environmental
health sectors, to collect information on the existence and
implementation of OH actions and initiatives in EU COST
countries). Twenty-one were closed-ended questions, of which
six in Likert-scale format, and six were open-ended questions.
An informed consent form was provided at the beginning of
the questionnaire where respondents were advised that the
questionnaire was anonymous and that, by completing and
submitting it, they voluntarily agreed to participate. Assurance
of privacy and confidentiality is highly valued in e-mail
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questionnaire surveys, as reported by Saleh and Bista (18). Ethical
approval was sought and granted by the Clinical Research and
Ethical Review Board at the Royal Veterinary College, grant
holder of COST Action TD1404 NEOH (ref. n. URN 2016
1554). Respondents were to be contacted by the Management
Committee (MC) members and MC substitutes of the two
COST Actions in each country. Key respondents were meant to
represent the three components of OH (animal health, human
health/public health and environmental health). MC members
and MC substitutes contacted by email the target institutions
through the official institutional contact email address, providing
the link to the online questionnaire, and explaining to potential
respondents the scope and the importance of the survey. Where
deemed necessary, the COST Action members translated the
message to their local language before reaching out to their
contacts in the different institutions.

We expected nine respondents per country, one for each OH
component, per each one of the following categories:

i. Public institutions/ministries, that is, the Directors/Heads
of Veterinary Services, Ministry of Agriculture (MoA),
Ministry of Health (MoH); Directors/Heads of Human
Health & Public Health Services, MoH; Environmental
Health Services, Ministry of Environment or other
applicable Ministries/Directorates, according to the national
organization/system of each COST countries;

ii. Academia/research (i.e., Deans/Directors of the
Schools/Universities and of National Research Centers
on Veterinary Medicine, Human Medicine and Public
Health, and Environmental/Earth Sciences, under Ministry
of Education;

iii. Private sector (i.e., presidents of the National
Boards/Colleges of Veterinarians, Medical Surgeons & Public
Health doctors, and Environmental Earth Sciences doctors.

In addition, NGOs, associations, scientific societies involved
in OH initiatives and activities were asked to participate in
the survey.

The overall expected respondents were 333 (three respondents
representing human, animal and environmental health each from
at least three of the four categories listed per 37 COST countries).

The questionnaire was accessible for 10 months (June 2016–
April 2017); it was subsequently closed, and the data collected
were downloaded. Answers were checked for consistency,
cleaned for analysis and the questionnaire was removed from the
hosting platform.

A blank version of the questionnaire (.pdf) is available in the
Supplementary Material.

Data were analyzed with R software (19). We computed
descriptive statistics of questions answers and scores.
In order to analyze qualitative data, open answers were
categorized into classes. Non-parametric tests (Wilcoxon
test and Kruskal-Wallis rank sum test) were used to
detect significant differences in scores among categorical
variables; Chi-square and Fisher Exact tests were employed
to evaluate associations among categorical variables. For all
statistical tests, a two-tailed significance level of α = 0.05
was adopted.

As regards the “definition of One Health” (question in section
2), answers were analyzed in order to detect five key words
categories in the definition given by respondents, and a score
was attributed, being five the maximum (all key words and
key word categories included in the definition). The five key
words were human health, environmental health, animal health,
intersectoral/transdisciplinary/holistic, collaboration/sharing, as
described in literature (2, 20). Advantages of OH, which
respondents were asked to score (question in section 2), are
described in Häsler et al. (21).

Interviewees were asked to select health hazards (mainly
zoonotic diseases) that are controlled and monitored by the
Ministry of Health and/or Agriculture (question in section
3); the list of major health hazards/zoonoses was taken from
the Public Health England website (https://www.gov.uk/
government/publications/list-of-zoonotic-diseases/list-of-
zoonotic-diseases).

In section 4, interviewees were asked to score the level and
opportunities for OH collaborations in their countries at different
institutional and/or professional levels, choosing among: “poor,”
“fair,” “good,” “excellent,” and “n/a”: not applicable.

RESULTS

Overall, 171 key respondents from 34 countries answered the
questionnaire with at least one respondent per country.

Few countries -namely Belgium, Bosnia & Herzegovina,
Hungary, Italy, The Netherlands, and Portugal- reached or even
exceeded, the expected minimum number of questionnaires
answered (n = 9/country), other countries reached or slightly
exceeded six questionnaires answered (Austria, Czech Republic,
Lithuania, Serbia and Switzerland), while the remaining others
answered less. No responses were received from Iceland,
Montenegro, and Cyprus. The number of respondents by country
is shown in Figure 1.

Results are reported by questionnaire section.

Questionnaire Section 1—General
Information
The majority of respondents declared to have training or a
professional background in Animal Health or Animal Sciences
(n = 92; 53.8%), followed by Public Health or Human Health
(n = 51; 29.8%). Those having a professional background in
Environmental Sciences and Life Sciences (including biologists,
chemists and basic science disciplines) were respectively 12
(9.3%) and 5 (2.9%). Five respondents (2.9%) had a professional
background in Food Safety, while two respondents were trained
outside the “traditional” health disciplines, one of them in
Sociology (0.6%) and the other one in Engineering (0.6%).

Most respondents worked at Higher Education
Institutions/Universities (n= 66; 38.6%) and Research Centers (n
= 29; 17.0%), followed by Governmental Institutions/Ministries
(n = 44; 25.7%). Those working in the private sector and NGOs
were 14 (8.2%) and 9 (5.3%), respectively. Two respondents were
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FIGURE 1 | Map illustrating the number of respondents to the questionnaire per country, and bar chart with the number of questionnaires answered considering the

number of expected respondents (red line). Colors grade from yellow (low number of questionnaires answered) to dark green (high number).

employed in International Organizations, and seven respondents
did not give details.

The above-mentioned institutions work on Animal Health (n
= 77; 45.0%), Public Health (n = 50; 29.2%), Human Health
(n = 23; 13.4%) and Environmental Health (n = 17; 9.9%).
Four respondents did not provide enough details to attribute the
discipline of the institution to any of the above categories (hence
aggregated under “Other”) (Figure 2).

Most of the respondents stated to be heads/directors (n =

57; 33.9%), professors (n = 44; 26.1%) and researchers (n =18;
10.7%). Thirteen were officers (7.7%) and another 13 respondents
were consultants (7.7%). The remaining respondents detailed
their positions as medical doctors (n = 5; 2.9%), PhD
students (n = 5; 2.9%), epidemiologists (n = 4; 2.3%)
and vet clinicians (n = 3; 1.7%). Six persons (3.5%) did
not answer.

Questionnaire Section 2—About one health
Ninety-nine respondents (57.9%) declared they had heard about
One Health, while 36 (21.1%) declared that they had never heard
about it; 36 people did not respond to the question.

Respondents were asked to define OH in one sentence.
Amongst the 149 answers (87.1% of respondents),
only 16 (10.7%) were considered to be a “complete
definition.” The “human” component was mentioned by
129 respondents (86.6%), the “animal” component by
110 (73.8%), and the “environmental” one by 63 (42.3%).
Fifty-nine respondents (39.6%) included a term among

“intersectoral/transdisciplinary/holistic” in the definition, and 34
named “collaboration/sharing” (22.8%).

Considering the disciplinary background of respondents, the
best median score for the OH definition (one point for each
element) was obtained by “Life Sciences” respondents (3.5,
Q1–Q3: 3.25–3.75), followed by “Human Health” respondents
(3; Q1–Q3: 3–3). The median score of the other categories
(excluding the two respondents with a disciplinary background
in Sociology and Engineering, who did not answer) was two.
However, the difference in median scores among different
disciplinary backgrounds was not significant (Kruskal Wallis
rank sum test, p= 0.08).

When interviewees were asked if they were currently involved
in OH initiatives, the large majority stated to be involved (n =

107; 62.6%), while 64 respondents stated that were not. Most
people involved had a background in “Animal Sciences” (n =

70, 65.4%), followed by “Public Health” (n = 16, 15.0%) and
“Human Health” (n = 12, 11.2%). The involvement significantly
differed among disciplinary backgrounds (Fisher Exact test, p <

0.01), with 76.1% of the “Animal Sciences” respondents being
involved, vs. 55.2% of “Public Health”, 54.5% of “HumanHealth,”
40% of “Food Safety,” 37.5% of “Environmental Sciences” and
20% of “Life Sciences.” The two respondents with background
in Sociology and Engineering declared not to be involved in
OH initiatives.

The interviewees were also asked to briefly describe the OH
initiatives. Since this was an open answer, it was categorized
in: zoonoses (54 answers, 50.4%); OH in general (i.e., a broad
comprehensive category that includes activities or initiatives
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FIGURE 2 | Type of institution and sector where respondents are employed.

having the scope to promote intersectoral working spaces) (n
= 12, 11.2%); food hygiene (n = 11, 10.2%); antimicrobial
resistance (AMR) (n = 9, 8.4%); education (n = 5, 4.6%); animal
health (n = 3, 2.8%); human health (n = 2, 1.8%); AMR and
zoonoses, and AMR and food hygiene (one answer each, 0.9%).
Nine interviewees did not specify the characteristics of the OH
initiatives they were involved in. OH initiatives on zoonoses were
mostly cited by people with a background in “Animal Sciences” (n
= 36), followed by “Public Health” (n = 8) and “Human Health”
(n = 6). “Environmental Health” respondents were involved in
initiatives on zoonoses (n = 3), OH in general (n = 2) and
food safety (n = 1). Education activities were cited by “Animal
Sciences” respondents only (n= 5).

Sixty-one respondents stated that OH had been officially
endorsed by their respective Institutions, while 51 Institutions
did not endorse; 59 respondents did not answer. No differences
in endorsing or not OH initiatives were found among institution
types (Fisher Exact Test, p = 0.7) (Figure 3). The institutions
reportedly endorsed OH by implementing initiatives regarding
education (n = 16), OH in general (n = 16), animal health
(n = 7), zoonoses (n = 5), AMR, human health, and food
safety (n = 2 each). Less than half (47.7%) of respondents
involved in OH initiatives worked in institutions that officially
endorsed OH.

The respondents quoted various examples of programs for
which a OH approach was adopted in their institutions. These
examples mostly referred to zoonoses surveillance and control
(n = 24), health education (n = 20), AMR (n = 17) and
food hygiene (n = 15). Other cited examples were research
(n = 9), animal health (n = 7), brucellosis and OH in
general (n = 5), vector-borne diseases (n = 4), drawing/writing
legislation (n = 4), rabies, salmonella, WNV (n = 3 each),

Campylobacter, Q Fever, HPAI, info sharing and preventive
medicine (n = 2 each). Air quality, climate change, risk analysis,
drinking water quality, human health, mastitis, leishmaniasis,
leptospirosis, Lyme disease, rodent-borne diseases, tuberculosis,
toxoplasmosis, TSE, and tularemia were cited once.

When asked to score -from 1 (low) to 5 (high)- some
advantages of OH described in literature, “Early detection
of threat and timely, effective or rapid response” was
considered the major advantage (median score: 5.0), followed
by “Better/improved/more effective disease control and/or
biosecurity measures” (4.5), thus suggesting that respondents
attributed the greatest importance to preventative measures.
A lower score was given to “Economic benefit/increase in
economic efficiency” (4.0), “Improvement in human or animal
health or well-being” (4.0), “Higher quality or larger quantity of
information and data and improved knowledge or skills” (4.0),
“Ecosystem benefit” (4.0’), “Design of health policies” (4.0) and
“Personal or social benefits” (3.0) (Figure 4).

When asked about the existence of boards/
committees/associations actively dealing with OH
issues/initiatives in their country, 69 respondents answered
affirmatively, while 15 stated “no.” Some respondents provided
details, stating that such boards mainly deal with AMR, zoonoses,
food hygiene, vector-borne diseases and outbreak management.

One hundred fourteen (66.7%) respondents declared that,
in their countries, there are formal connections between
veterinary/animal health and public health administrations
(governmental institutions or services). Conversely, 55
respondents answered “no”; two answers were missing. The
answer significantly differed among respondents with different
disciplinary backgrounds (Fisher Exact test, p = 0.01). The
highest “yes” frequency was registered among Food Safety people
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FIGURE 3 | Endorsement of OH initiatives by different types of institutions where respondents are employed.

FIGURE 4 | Boxplot of the scoring of the OH advantages, described in literature. Respondents could score each from one (low) to five (high).

(all five respondents), Public Health (86.2%), Animal Sciences
(69.2%), Human Health (57.1%). “No” answers prevailed
among Environmental Sciences (43.8%) and Life Sciences (40%)
people, and were given by the two respondents with disciplinary
background in Sociology and Engineering.

The respondents were then asked to answer a subset of
questions on the level, nature and duration of such cooperation.
Most connections were reported to be at national level
(n = 72 answers, 63.2%), but some respondents indicated

national—subnational and local (n = 20), national and
subnational (n = 14), and national and local (n = 3) formal
connections. Subnational, that is, regional, provincial (n = 7),
local (n= 2) and subnational-local (n= 1) connections were also
cited. The nature of the cooperation mainly referred to exchange
of data (n = 93), joint surveillance (n = 69), health policies
(n = 61), joint intervention (n = 51), joint preparedness (n =

44), joint training (n = 41), shared budget (n = 9). As regards
the length of the cooperation, it ranged from “the last 5 years”
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(n = 23), to “the last 5-to-10 years” (n = 30), “10-to-20 years” (n
= 27), “20-to-30 years” (n= 6) and to “more than 30 years” (n=

15). This last answer was given by respondents of the following
countries: Italy (five respondents), Malta and Hungary (n =

2 each), and Belgium, Bosnia-Herzegovina, Denmark, Latvia,
Poland, Romania (n= 1 each).

Ninety respondents (52.6%) stated they were aware of OH
initiatives being implemented in their countries; 14 respondents
(8.2%) answered “no” and the others did not answer. According
to the respondents, the number of initiatives being implemented
varied from 1 to 5 (n= 54), from 6 to 10 (n= 16), and more than
10 (n = 12). The fields of activities concerning these initiatives
were: disease surveillance and monitoring (n = 80); disease
prevention and control (n = 74); research (n = 70); participants
awareness on the programs (n= 50); higher education programs
(n = 41); NEOH and “Knowledge sharing platforms” were cited
by one respondent each.

As regards the categories of professionals involved in these
initiatives, the following were cited: veterinarians (n = 138);
medical doctors (n = 119); biologists/entomologists (n =

82); environmental/ ecosystem specialists/ecologists (n = 70);
chemists (n = 23); sociology/anthropology/gender specialists (n
= 15); pediatricians (n = 15); family doctors (n = 13). Other
professionals, entered by respondents, were: public health officers
(n = 3); microbiologists, epidemiologists (n = 2 each). Food
safety specialists, earth scientists, economists, psychologists,
pharmacologists, civil servants/scientific experts, policy risk
managers were also quoted.

Questionnaire Section 3—Zoonotic
Diseases, Environmental Health and AMR:
Examples of “Burning” OH
Issues/Initiatives
Ninety-six people (82.1% of the 117 that answered this question)
stated that, in their countries, there is an existing and active
cooperation between the Ministry of Health and the Ministry
responsible for Animal Health, when dealing with zoonoses.
They also stated that there is an obligation to guarantee a
reciprocal flux of information or data between Public Health
and Veterinary Services. Interviewees were asked to select which
zoonotic diseases are controlled andmonitored by theMinistry of
Health (MoH) and/or Agriculture (MoA). Results are illustrated
in Table 1.

A couple of questions referred to environmental toxicants.
When interviewees were asked about the “level of awareness by
the public on zoonoses caused by exposure to environmental
toxicants,” scoring from 1 (poor) to five (excellent), the median
score attributed by 136 respondents was 2 (Q1–Q3: 2–3). Fifty-
nine persons stated they were not competent in the field. The
median score given to the “quality of national plans for the
prevention and monitoring of toxicant zoonoses” was 3 (Q1–Q3:
2–4). In this case, 85 respondents answered the question, while
88 people stated they were not competent in the field.

According to 83 respondents (48.5%), their respective
countries contribute to the AMR surveillance in Europe, with
specific monitoring and research programs. Conversely, 85

TABLE 1 | Zoonotic diseases controlled and monitored by the Ministry of Health

(MoH) and/or Agriculture (MoA), according to respondents.

Zoonosis MoA (n; %) MoH (n; %) MoH + MoA (n; %)

Anthrax 31 (26.5%) 33 (28.2%) 53 (45.3%)

Avian influenza 40 (31.0%) 27 (20.9%) 62 (48.0%)

Brucellosis 40 (32.2%) 22 (17.7%) 62 (50.0%)

Campylobacteriosis 22 (19.4%) 39 (34.5%) 52 (46.0%)

Cysticercosis/taeniasis 39 (39.0%) 26 (26.0%) 35 (35.0%)

Ebola 0 (0%) 84 (82.3%) 18 (17.6%)

Leptospirosis 22 (20.7%) 35 (33.0%) 49 (46.2%)

Plague 6 (7.3%) 49 (59.7%) 27 (32.9%)

Q Fever 28 (26.6%) 26 (24.7%) 51 (48.5%)

Rabies 31 (25.6%) 27 (22.3%) 63 (52.0%)

RVF 19 (25.6%) 26 (35.1%) 29 (39.1%)

Ringworm 17 (25.3%) 26 (38.8%) 24 (35.8%)

Salmonellosis 11 (8.6%) 35 (27.5%) 81 (63.7%)

Toxoplasmosis 15 (14.7%) 38 (37.2%) 49 (48.0%)

Trichinellosis 35 (29.6%) 26 (22.0%) 57 (48.3%)

Tularemia 19 (19.5%) 28 (28.8%) 50 (51.5%)

people answered “no answer/I don’t know.” Conflicting answers
within the same country were registered, with eight respondents
stating that their respective countries did not contribute to the
EU AMRmonitoring, although other respondents from the same
countries stated they do contribute (Figure 5).

Questionnaire Section 4—Aspects Limiting
Interdisciplinarity/Intersectorality in OH
A “siloed approach” of disciplines was considered a limit for
interdisciplinarity and intersectorality by 18.1% of respondents
(n = 31) working in OH, followed by “lack of resources” (15.8%
of respondents, n = 27), institutional (10.5%, n = 18) and
“education limits” (8.2%, n = 14). Some people mentioned more
than one limit. Two respondents stated that there are no limiting
factors (1.2%).

Table 2 describes the level(s) and the opportunities for OH
collaborations, according to the interviewees, within professional
boards, University Departments, institutions involved in
veterinary surveillance and food security, and institutions
involved in emergencies management.

Questionnaire Section 5—Conclusions
Respondents were asked to rate how well the OH approach
is implemented by the professionals employed/engaged in
Veterinary, Public and Environmental Health sectors in their
country, scoring from 1 (poor) to 5 (excellent). The median score
attributed by 130 respondents was three (Q1–Q3: 2–3). Details of
the answers aggregated by countries are illustrated in Figure 6.

The existence of recent formal initiatives to establish and/or to
strengthen intersectoral collaboration, aimed at global advocacy
of OH approach, was confirmed by 49 respondents (29.8%).
Seventeen (10.3%) answered “no” and the other interviewed
selected “no answer/I don’t know.”
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FIGURE 5 | Contribution of respondents’ countries to European programs for the monitoring of AMR; nd = not determined/answer not known.

TABLE 2 | Level and opportunities for OH collaboration at different institutional and/or professional levels.

Level and opportunities

for OH collaboration

within

Poor (%) Fair (%) Good (%) Excellent (%) n/a (%)

Professional boards 40 (26.1%) 35 (22.9%) 54 (35.3%) 8 (5.2%) 16 (10.5%)

University Departments 37 (24.3%) 47 (30.9%) 47 (30.9%) 10 (6.6%) 11 (7.2%)

Institutions involved in vet

surveillance and food

security

18 (11.9%) 46 (30.5%) 64 (42.4%) 13 (8.6%) 10 (11.9%)

Institutions involved in

emergencies

management

22 (14.5%) 43 (28.3%) 64 (42.1%) 11 (7.2%) 12 (7.9%)

Total 117 171 229 42 49

When asked to cite the top three environmental, animal and
human health issues in their country over the past 5 years,
most respondents cited AMR (n= 44 respondents; 25.7%), avian
influenza (n = 32; 18.7%) and environmental pollution (n = 27;
15.8%). A Sankey diagram shows all answers by regional areas
(Figure 7). When considering answers by group of countries in
the same geographical region, we observed differences in the
top three issues (Figure 8): AMR was cited in all regions except
from Balkan countries, avian influenza in all regions except from
Balkan and Scandinavian/Baltic countries, and all except Eastern
European countries cited environmental pollution.

Strictly related to section 4, respondents were asked to answer
where and what are the gaps in OH schemes. Answers mostly
referred to the approach of institutions (n = 24), followed by
problems of funding (n = 12) and communication (n = 11),
the siloed approach of disciplines (n = 11), and scarce education
(n= 10) and awareness (n= 8).

According to respondents, the level of awareness/perception
of OH amongst citizens/consumers their country is not high.
Indeed, they could score from one (poor) to four (excellent),
and the median score was 2.0 (Q1–Q3: 1.75–3.0). Details of the
answers aggregated by countries are illustrated in Figure 9.

Questionnaire Section 6—End of

questionnaire, Including
Comments/Remarks/Suggestions
Only some respondents contributed to this last section, by adding
a few comments, remarks and suggestions: four participants
suggested that the questionnaire should have been less lengthy
and more essential, with less detailed and clearer questions; three
signaled that some questions and/or definition were not very
clear (i.e., environmental toxicants and toxicant zoonoses); other
three suggested that all questions should have the option “don’t
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FIGURE 6 | Boxplot of the scores attributed by respondents on the implementation of the OH approach by professionals in their respective countries; scoring from

one (poor) to five (excellent).

know/not sure about” (actually “don’t know” was always available
whenever applicable); a couple of respondents suggested that the
text should have been revised by a English native speaker; two
stated that the questionnaire was OK and no remarks/comments
were needed; one reported that the questionnaire could not be
saved in the process of filling in.

A few respondents included a set of comments/suggestions
which deserve to be reported here [. . . “In view of the siloed
mentality prevailing in the country, it is difficult to ascertain
that the knowledge expressed in this questionnaire captures all
the activities happening in other Ministries..”, . . . . “the actions
in favor of OH will have to continue their creative work in
the Universities, both at undergraduate and graduate levels”,
. . . ”OH issues have to be emphasized at Academic level in
each of the 3 OH disciplines/components (i.e., Animal/Human-
Public/Environmental Health)”, . . . “include requirements for
OH in health sector legislation, including specific budgeting
of resources..”, . . . “Having projects managed by people having
knowledge of more than one discipline and who are open to listen
to all collaborators..”] and to be recalled/quoted in the discussion
and conclusions.

DISCUSSION

Our survey aimed to provide an overview of the existence
and the implementation of OH actions/initiatives in
Europe and neighboring areas, of the type of institutions
and disciplines involved in such initiatives, and on
current limits to OH implementation according to
professionals working in relevant fields (e.g., education,
research, government).

Overall, the response rate (51.3%) of our questionnaire survey
falls within the range of the response rates of similar online

questionnaires (22). In a study on response rate in organizational
research, (23) reported an average response rate of 52.7% for
studies that utilized data collected from individuals, while the
average response rate for studies that utilized data collected
from organizations was 35.7%. However, few countries reached
or exceeded the expected minimum number of questionnaires
answered (nine per country).

The questionnaire design and distribution were managed such
to reach an equal number of respondents from each of the
three OH pillars/components, that is, animal health, human-
public health and environmental health, evenly across countries,
types of institutions and disciplines. However, there was a larger
proportion of respondents from animal health, thereby skewing
answers toward human and animal health with less consideration
of ecosystem health and on collaborative and system aspects of
OH. This may be explained by the fact that the OH approach and
theOHmovement have been promoted strongly by animal health
and public health, as documented in some of the most accredited
and comprehensive reviews on the origin and development of
OH (7, 8). In addition, the larger number of respondents with
a professional background in animal health/animal sciences, as
well as the larger number of academics/researchers, seem to
reflect the composition of NEOH and EurNegVec networks,
who implemented the survey. As COST Actions are often
research/academic networks, MC members and MC substitutes
likely were better connected to academic and research colleagues
than officials atMinistries/Directorates. The underrepresentation
of nature/environment-related human health benefits and
ecosystem health could be a limitation of this study and at the
same time a reflection of the origins of OH and the networks
of the participants of the two COST Actions. Potentially, more
respondents from ecosystem fields could have been engaged with
stronger wording around Ecohealth.
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FIGURE 7 | Top environmental, animal and human health issues over the past 5 years cited by countries in the different regional areas.

Another limitation of our study is that data were collected in
2016–7 and therefore may not represent today’s OH landscape
in the countries surveyed. Nonetheless, it provides a baseline
against which future studies of this type can be compared thereby
contributing to documentation of howOH evolves in Europe and
neighboring areas.

Although One Health was a familiar concept for the
majority of respondents, only few were able to provide
comprehensive definitions. Their answers demonstrated a

traditional understanding of OH evolving around the linkages
between “human” and “animal” health. The environmental
health component was mentioned less frequently, which suggests
that the three pillars/components of OH are overall not
perceived as having equal importance. Similar differences
amongst the three OH components seem to emerge from
other questions, for example most of the respondents, who
declared to be presently involved in OH initiatives, had
a background in “Animal Sciences.” Indeed, we registered
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FIGURE 8 | Top three environmental, animal and human health issues over the past 5 years cited by respondents, divided by geographical regions.

a greater involvement in OH initiatives among Animal
Sciences professionals, with 76.1% of respondents in this
category being involved, vs. around half of respondents in
“Public Health” and “Human Health” categories, and 37.5% of
“Environmental Sciences.”

Only slightly more than half of the respondents involved
in OH initiatives seemed to be personally engaged in OH.
Although adopting a OH approach for many is still a matter
of a personal attitude and less of institutionalization, it seems
that some steps toward official endorsement of OH are being
taken, and this may constitute a move toward institutionalization
of OH—at least in the human and animal health fields.
Another challenge emerging from our results is the low
public awareness on OH. This could be addressed through

extension and information campaigns to give the general public
access to OH; and actually, such activities are being started.
Existing OH initiatives mentioned by respondents related mainly
to “classic zoonoses” (prevention, control, surveillance). This
is probably because the majority of respondents belonged
to institutions working in the animal and public health
disciplines, and these disciplines were those that mainly
endorse OH. Other disciplinary sectors were less represented
in our sample, so environmental problems, such as climate
change, pollution, toxicants, socio-environmental aspects, were
less mentioned.

In addition, we hypothesize that “chronic” environmental
issues (i.e., contaminated agriculture soil and/or fallow land)
are less visible and receive less attention both from the general
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FIGURE 9 | Boxplot of the scores attributed by respondents to the level of awareness on OH in citizens in their respective countries; scoring from one (poor) to four

(excellent).

public and health authorities/policy makers. Moreover, such
environmental problems are usually more difficult to control
and prevent.

The OH approach was adopted for zoonoses (surveillance
and control), health education, AMR and food hygiene.
Coincidentally, these are also common areas of the field of
Veterinary Public Health and this brings up the question whether
respondents differentiated between the two. Veterinary Public
Health (i.e., the contribution of veterinary medicine to public
health) has indeed gradually evolved in OH and in “ecosystem
health”—that includes the whole ecosystem, and that considers
health and ecosystems and their relevance for global health
development (7).

According to the respondents, the most important advantages
of OH are preventative measures such as early detection/rapid
response, and effective disease control and/or biosecurity
measures which actually put “prevention” at the highest
rank. Lower scores were attributed to health improvement,
knowledge/skills improvements, ecosystem and personal/social
benefits, thus confirming a more “traditional” approach oriented
toward disease surveillance and response, also suggesting a
poor understanding of the environmental health component
and still an apparent existing dichotomy between OH and
Ecohealth. The fact that two thirds of respondents reported
formal connections between veterinary and public health
administrations (governmental institutions or services) is
noteworthy. Remarkably, the highest “yes” frequency was
registered among those respondents involved in Food Safety,
Animal and Public/HumanHealth, while “No” answers prevailed
amongst Environmental and Life Sciences persons, suggesting
that respondents involved in the former disciplines seem to be
more aware of such formal connections. Other respondents may
be more aware of Ecohealth connections.

As pointed out by some authors (24–27), the two approaches,
despite their apparent dichotomy, have a common ground
and unifiying attributes. In fact, according to Zinsstag (7)
both Ecohealth and One Health movements emphasize a
holistic understanding of health beyond the purely biomedical
and champion system thinking as a way of achieving a
greater understanding of health problems; both approaches
espouse inter- and trans-disciplinary research and collaborative
participation. Literature in the field shows that the concepts
continue to evolve and be discussed. For example, Lackey (28)
promoted a challenging discussion on the values of ecosystem
health, Antoine-Mussiaux et al. (29) provided an analysis on
framing “nature” or the environment within the scientific
communities involved, Harrison et al. (30) addressed the calls
for convergence between OH and Ecohealth. Some areas already
well-developed in Ecohealth (e.g., relationships between health
and ecosystems or between health and sustainable development)
have been growing in importance within the One Health
movement. Each approach has its own strengths and -by working
together- a greater impact in global health and sustainability
may be achieved (25). In line with this view, NEOH has
therefore established a new Network for Ecohealth and OH as
a chapter of the Ecohealth International organization (https://
www.ecohealthinternational.org/regional-chapters/europe/).

Section 3, regarding zoonotic diseases, environmental health
and AMR, provided interesting insights. More than 80% of the
respondents reported an active cooperation in their countries
between the Ministry of Health and the Ministry responsible
for animal health, when dealing with zoonoses, also stating
that there is an obligation to guarantee a reciprocal flux of
information between Public Health and Veterinary Services.
When respondents were asked to select which zoonotic diseases
(from a list taken from Public Health England website) are
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or should be monitored and controlled by MoH and/or
MoA, there was a convergence –with a few exceptions, that
is, Ebola, ringworms, cysticercosis/taeniasis- in attributing the
responsibilities to both Ministries. This could be related to
the different organization of the Health System and Veterinary
Services in the target countries.

Two questions were asked about environmental toxicants
and it was requested to score the level of awareness by the
public on “toxicant zoonoses” (zoonoses caused by exposure to
environmental toxicants) and the quality of national plans for
their prevention/monitoring. The percentage of respondents to
these questions was not satisfactory; in fact, more than half of
them stated that they were not competent in the field, thus
suggesting that “non-traditional zoonoses” are generally less
known or less taken into consideration.

While nearly half of the interviewees stated that their
respective countries contribute to EU AMR surveillance with
specific monitoring and research programs, there were some
conflicting answers amongst respondents, that is, within the same
country, some respondents stated that their country contribute
to the EU AMR monitoring and others stated the contrary.
However, the European surveillance systems/networks [e.g.,
EARS-Net (31)] and the international guidelines (16) are likely
helping the full implementation of the National Action Plans
(NAPs) to fight AMR.

In the section regarding the aspects limiting interdisciplinarity
and intersectorality in OH (section 4), the “siloed approach” of
disciplines was the most commonly mentioned limiting factor.
Lack of resources, institutional and education limits were also
cited. All these factors have long been recognized as barriers to
moving toward OH (32).

When asked to score the level and opportunities for OH
collaboration at different institutional and/or professional
levels, the higher proportion of “good” and “excellent”
scores were attributed to institutions involved in animal
health surveillance/food security, and institutions involved in
emergencies management. “Poor” scores prevailed as regards
professional boards and university departments, but were
attributed by a maximum of 26% of respondents, suggesting that
in COST countries there is an overall positive perception about
level and the opportunities for OH collaboration.

When asked to rate (one being “poor,” and five “excellent”)
how well the OH approach is implemented by the professionals
employed/engaged in Veterinary, Public and Environmental
Health sectors, respondents gave a median score of 3 (Q1–
3: 2–3). Although the great difference in the number of
respondents per country makes it difficult to compare and
comment the results, the authors consider such overall score
(3) not much “encouraging.” Professionals still need to do more
efforts for implementing the OH approach in their respective
countries. Alike, the answers on the existence of initiatives to
establish/strengthen intersectoral collaboration, aimed at global
advocacy of OH approach, yielded a not much promising picture:
in fact, only 30% of the respondents are aware of such initiatives.

When asked to cite the top three environmental, animal and
human health issues in their country over the past 5 years,
most respondents cited AMR, avian influenza and environmental

pollution. Such results seem consistent with the epidemiological
situation at the time the questionnaire was circulated (2016–
17). Indeed, in the period under review, AMR was –and
actually still it is- capturing most attention by the international
scientific community. Zoonotic avian flu was quoted as the
second most important health topic as, since 2013, thousands of
human cases and many deaths have been reported worldwide.
Environmental pollution is considered by the respondents a
“chronic” problem, quite often difficult to remediate and to solve,
which induce several acute and long-term effects on human
health and ecosystems.

The authors believe that if the questionnaire were to be
administered nowadays, the top health issue would have certainly
been the recent (and ongoing) COVID-19 pandemic.

Regional differences could also be observed, in particular
between countries belonging to Balkan Europe and the other
groups of countries: this is the only group where AMR was
not included among the first three OH issues, while brucellosis
and rabies were at the first and third position respectively. This
reflects the endemic situation and the challenge posed to public
health by these diseases in the Balkan countries (33–36). It
is noteworthy that Salmonella falls in the top three issues in
the Scandinavian and Baltic Europe: this foodborne pathogen,
which has been the object of a strong and successful surveillance
and control programme in these countries (37), is nonetheless
considered as a top priority when public health is involved.

In this section, another important question/issue was
about the level of awareness/perception of OH amongst
citizens/consumers: the median score attributed by the
respondents in their respective countries was only 2, and
such overall data is not much “encouraging.” This result not only
highlights that respondents know that great work still needs to
be done to raise public awareness about OH, but also that we all,
as members of research and academic institutions, have failed
to engage citizens sufficiently. Though there were differences in
the number of respondents per country, thus making it difficult
to comment on the results, it is certainly crucial that academic
and research Institutions, ministries, professional boards have to
improve on dissemination, information and education activities,
through public engagement and promotion activities on OH for
general public and stakeholders.

The gaps on OH schemes cited were strictly related to
the question posed in section 4 about factors limiting OH
based on the respondents’ personal experience. Although
many professionals seem highly motivated to endorse the OH
approach, barriers exist especially at the institutional level.
In fact, interviewees underlined the lack of OH approach
in institutions. The “siloed approach” of disciplines, scarce
funding and education/awareness limits are other limits to
intersectorality, resulting in poor networking, differing priorities
and a lack of understanding between sectors.

Respondents from different sectors preferentially selected
(prioritized) their own directorates/ministries when looking at
the control and monitoring of zoonotic diseases, while actually
in most countries, both MoH and MoA are engaged. In Italy,
where Veterinary Services are under the Ministry of Health, such
differences tend to be less evident.
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Despite the limitations described, this study provides an
overview of perception and experiences in OH and OH
initiatives in Europe, putting into evidence major gaps and
challenges as well as opportunities to better apply OH approach.
Identifying how initiatives are currently working and knowing
their promoting and hindering factors has allowed insights into
how improved education and incentives for those working in
different areas of the field could change efficiency/effectiveness
of OH implementation in years to come. As regards education,
academia can play an important role to develop and implement a
common OH curriculum to be used by the different European
Universities to teach OH approach, strategies, and methods.
Health and Environment Institutions/Ministries –together with
the Academia, the professional boards, and NGOs- can promote
awareness campaigns on the importance of OH approach with
stakeholders and the general public at large. Scientists should
make efforts to better communicate and share their research
results on OH issues to the public and to politicians and policy-
makers: such process of sharing information and scientific-based
opinions/recommendation would likely make scientists more
listened to. The present COVID-19 pandemic –with its enormous
toll of victims and socio-economic consequences- has probably
greatly contributed to a better awareness of the importance of
OH, and -even more- Planetary Health.

Stakeholders, professional boards, the research world and
academia, together with citizens must capitalize the momentum
gained and use it as a trigger with politicians and decision
makers –nationally and internationally to advance OH and
related approaches.
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Introduction: Tobacco use, often initiated in younger ages, is a serious health

challenge worldwide. In Sweden, smoking has been prohibited on school grounds

since 1994. Municipal environmental and health inspectors control the compliance of

the ban. Nevertheless, the enforcement and maintenance of the ban are inadequate.

The aim of the current study was to identify facilitators, barriers, and the potential

for improved implementation of a 25-year outdoor school ground smoking ban in

upper secondary schools.

Materials and Methods: A process evaluation was conducted using semi-structured

interviews with principals in upper secondary schools, local environmental and health

inspectors, and local politicians (n = 30) in Stockholm County, with purposive sampling

for informant recruitment. A qualitative content analysis of the transcribed interviews

was performed.

Results: Three main categories and 10 subcategories were generated from the

interviews, revealing facilitators, barriers, and the potential for improvement of the

implementation of the ban. A prominent facilitator of the ban was informed and engaged

principals and inspectors. Prominent barriers were conflicting goals governing the

schools, which reduce staffs’ motivation to maintain the ban, unclear school ground

boundaries, and lack of resources. Potential for improvement was found in a new

tobacco act with an extended ban on smoking at school entrances, extended support for

schools and staff to strictly enforce the ban, and a continued denormalisation of smoking

in society.

Conclusion: To achieve effective implementation of outdoor school ground smoking

bans in upper secondary schools, authorities need to address conflicts between different
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goals governing the schools and give necessary support to the staff to strictly enforce

the ban. Policies on smoke-free working hours in the municipalities along with tobacco

restrictive policies in the surrounding society may increase the possibility to maintain the

smoking ban in upper secondary school grounds.

Keywords: tobacco, outdoor school ground smoking ban, qualitative content analysis, policy, students, public

health, Sweden

INTRODUCTION

Tobacco use is a serious public health challenge in the world.
According to the World Health Organisation, one in ten deaths
is caused by tobacco use (1). Smoking is associated with
several diseases, such as chronic obstructive pulmonary disease,
cardiovascular disease, lung cancer, and other cancers (2–4).
Therefore, most countries, including Sweden, have adopted
restrictive policies on tobacco sales and tobacco use (5–8).
Smoking at an early age when the brain is under development
is particularly harmful and associated with being an adult
smoker (9–13). European data from 2015 on students aged
15–16 years revealed that 21% were smokers (range between
countries 6 and 37%) (14). In line with these data, a Swedish,
school survey from 2018 showed that 23% of the students aged
around 17 were smokers (in upper secondary school) (15),
calling for action. Since young people spend a lot of mandatory
time in school, the implementation of smoking bans in school
settings has been regarded as a promising policy intervention
to prevent smoking among children and young adults. Thus,
many countries have in the last decades implemented smoking
bans in school settings (5, 16–20). Studies on the direct effect
of such bans have, however, shown inconclusive results with
regard to students’ smoking behaviour (20–25). Thus, there is a
need for more research on how the bans function in relation to
the level of enforcement, national setting, and possible indirect
effects (17, 18).

In the growing field of implementation research, some general
knowledge on effective implementation strategies has emerged.
In a comprehensive synthesis of the literature, Fixsen et al.
(26) argue that implementation activities are influenced by
components connected to the implementation process (e.g.,

training and coaching of staff), the organisation in which
an intervention is implemented (e.g., prioritisation, attitudes

and norms among staff), and external circumstances (e.g.,
societal norms, politics, and economy). Moreover, they claim
that an implementation process, in general, takes between
2 and 4 years and contains the following six stages: (1)
exploration/adoption, (2) installation, (3) initial implementation,
(4) full implementation, (5) innovation, and (6) sustainability.
Similarly, Scaccia et al. (27) emphasise the importance of
innovation-specific capacities, motivation to implement an
innovation in an organisation, and general capacities of the
organisation in which it is implemented. Referring to Aarons
et al. (28), Scaccia, et al. (27) also highlight the need to
ensure quality implementation throughout the entirety of the
innovation’s lifespan.

Outdoor school ground smoking bans are internationally less
common than corresponding indoor smoking bans, especially
those regulated by law at a national level (16, 18, 24). Thus,
less is known about the facilitators and barriers influencing
the implementation of these bans. The few studies that we
found on facilitators and barriers affecting the implementation
of outdoor school ground smoking bans specifically were from
the Netherlands (16, 29) and Canada (30, 31). While studying
the sustainability of an outdoor school ground smoking ban
in the Netherlands, Rozema et al. (29) found that perceived
barriers and facilitators for sustainability could be sorted into
the following three categories: smoking ban implementation
factors, school factors, and community environment factors.
The authors concluded that the involvement of all staff is
important for sustainability, as they function as role models,
have an interrelationship with students, and share responsibility
for enforcement. In a process evaluation of the implementation
of an outdoor school ground smoking ban in 24 Dutch
secondary schools, Rozema et al. (16) consolidated the findings
on facilitators and barriers (1–3) outlined above, suggesting that
directors should deal with violators by strictly enforcing the
ban, initiating a dialogue with them, and/or using counselling
as methods to help offenders stop smoking. In a Canadian
study on the enforcement of a ban on smoking on school
properties, Ashley et al. (30) found that schools and tobacco
enforcement officers experienced a lack of resources and an
increased workload in schools, as a result of the enforcement
task given to them. The authors also cited the need for increased
education on tobacco for students as well as complementary
measures such as price increases and enforcement of the ban on
sales to minors. Finally, in another Canadian study of a smoking
ban in schools, Pickett et al. (31) suggested that attention should
be given to informing teachers and gaining their support when
implementing a ban, as well as having strategies for dealing with
potential safety risks to students who leave the school property
to smoke.

In Sweden, a national ban on smoking on school grounds
was established by law in 1994 (32). The responsibility for
ensuring compliance with the ban is divided between authorities
at the national, regional, and local levels (33). The Public
Health Agency has central supervisory responsibility at the
national level, while the County Administrative Boards have
a regional responsibility, and the municipality authorities have
a local supervisory responsibility. The County Administrative
Board shall follow the municipalities’ activities and assist
them with information and advice, and promote cooperation
between relevant organisations and actors. The municipality’s
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environmental and health inspectors conduct supervision of
compliance with the tobacco legislation at the municipal’s
schools. The inspectors can instruct the school to ensure that
smoking at the school ground ceases and request an action
program. The inspectors can also suggest changes in the physical
environment, e.g., removal of ashtrays, and initiate injunctions
or prohibitions, sometimes combined with an economic penalty
(33, 34). Injunctions and prohibitions must be approved by
local politicians, who have responsibility for smoking policy in
their municipality, which is often carried out by a department
handling social and health-related issues. The municipality is
responsible for the supervision of several environments in the
community and can charge fees for supervision connected to
that. However, they cannot charge a fee for the supervision
regarding the outdoor school ground smoking ban. The primary
responsibility for maintaining a smoke-free school ground lies
with the school’s principal (34). Tobacco prevention activities,
like information to staff, students and parents at schools, can
be assisted by actors in the local community, including staff
employed by the municipality, e.g., prevention coordinators. In
2016 (34), prevention coordinators were found in almost all of
the 26 municipalities in Stockholm County, as well as in the city
districts of Stockholm.

Despite efforts to ensure that the smoking ban on school
grounds, launched in 1994, is properly implemented, the
enforcement of the ban was still found inadequate in 2016–2018
(34–36). Surveys among school staff in Stockholm in 2016 and
2017 suggested that smoking occurs on several of the county’s
school grounds, not least in upper secondary schools, suggesting
the need for effective actions to improve the implementation of
the ban (34, 37).

Previous studies on facilitators and barriers influencing the
implementation of smoking bans in school settings, including
those focusing on outdoor school ground smoking bans,
have investigated the implementation process primarily from
a school perspective. One exception is a recent study by
Hoffmann et al. (18), assessing barriers to the implementation
of school tobacco policies (indoor and outdoor) in seven
European cities by interviewing local stakeholders outside the
schools. In the current study, we build on previous research
by combining three perspectives on the implementation of an
outdoor school ground smoking ban, namely the perspective
of key stake holders, i.e., secondary school principals, local
politicians, and municipality inspector officials. The aim of
the current study was to identify facilitators, barriers, and the
potential for improved implementation of a 25-year outdoor
school ground smoking ban in upper secondary schools in
Stockholm County. The study will add to a multi-perspective
knowledge base of the implementation processes related to
outdoor school ground smoking bans and highlight necessary
measures to improve the implementation and maintenance of
such bans.

MATERIALS AND METHODS

A process evaluation study was conducted using qualitative
data from semi-structured interviews with local stakeholders in
Stockholm County.

Participants and Procedures
Purposive sampling was used to include relevant informants
for the interviews, based on the organisation of tobacco
restriction control in Sweden. Three vocational groups were
selected: principals in upper secondary schools (hereafter named
principals), local environmental and health inspectors (hereafter
named inspectors) and local politicians, elected and currently
active (hereafter named politicians). The County Administrative
Board in Stockholm provided the research team with a list
of contact details to 30 local persons from each vocational
group, i.e., 90 names from different municipalities and schools,
including assisting principals. Persons were chosen from a
variety of schools and municipalities to allow for varying
sociodemographic profiles and efforts to implement the outdoor
school ground smoking ban. To achieve reasonable saturation
(38), the aim was to interview 10 persons from each category
(n = 30). At the beginning of 2019, the research team chose
the names of the first 10 principals, inspectors, and politicians
on the list, asking them via e-mail to participate in the study.
They were informed that participation was voluntary; that data
would only be reported in aggregate form; and that audio and text
files were to be stored safely (i.e., at encrypted servers) in coded
form to preserve confidentiality. Informed consent was obtained
by asking the receiver to reply, and if giving a positive answer,
agreeing to participate in the study. If participants refrained from
participation, additional persons were contacted, i.e., the next
person on the list, until the intended number of participants was
reached. About one-third to one-half of those contacted refrained
from participation, mainly due to time constraints.

At inclusion of the participants, a code key was established
with an individual code for every informant, consisting of a
number between 1 and 10 connected to the current category,
e.g., Principal 3, Inspector 7. The Regional Ethical Review Board
in Stockholm was contacted and informed about the study but
regarded it as unnecessary to review for approval (dnr. 2019-
00719).

Semi-Structured Interviews
Semi-structured interview guides for each category of informants
were elaborated by the research team in collaboration with
officials at the County Administrative Board. The interview
guides included 10–12 questions, along with supplementary
questions. The interviews started by asking the informants
about how long they had held their current position, which
was on average 3 years for inspectors, 6.5 years for principals,
and 1.5 years for politicians. The main interview questions
reflected issues concerning facilitators, barriers, and the potential
for improvement of the implementation processes. Example
questions were: Initially, do you want to say something about
the municipality’s work with smoke-free schoolyards? In what
way does the school inform students about the smoking ban? Are
smoking and the health risks something that is integrated into
teaching? What else would be required to remove smoking on the
school grounds? Three of the authors (KF, THE, PK) conducted
the interviews by phone. The interviews, on average 20min
long, were recorded and transcribed verbatim into 272 pages
of text.
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Content Analysis
Qualitative content analysis with a team-based approach was
used to analyse the interview data (39–41) and the software
NVivo 12 was utilised for structuring the data. The four
researchers in the team have extensive knowledge in social
sciences, public health, drug prevention, and implementation
theories, which facilitated the analysis. Initially, one researcher
(PK), who has a PhD in medical science, a master’s degree
in political science, and extensive experience in qualitative
analysis, started the analysis process by repeatedly reading
8 of the 30 interviews. The analysis was to some extent
deductive since the interview questions initially directed the
analysis (40). During the reading, meaningful units were
identified and grouped into categories (Supplementary Table 1).
A preliminary coding scheme with the key concepts of
facilitators, barriers and potential areas for improvement,
along with main categories, inspired by Rozema et al. (29),
and sub-categories with definitions (codebook) (41) were
developed and presented for the other three researchers in
the team (KF, TE, JG). The team discussed the definitions
of certain codes and agreed to a slightly refined codebook,
but with the same number of codes. After the discussion,
PK, continued the coding of the remaining interviews, while
defining the various codes more clearly, excluding one of
them because of irrelevance, and dividing one sub-category
of codes into two. To assess the reliability of the coding, an
independent recoding of three of the interviews (one from
each occupational group) was carried out by a second coder
from the research team (KF) (42). A high degree of agreement
between coders was obtained with a few disagreements resolved
through discussion.

RESULTS

The Informants
The final group of informants represented 17 of the 26
municipalities in Stockholm County, including municipalities
with various sizes and socioeconomic characteristics (43, 44)
(Supplementary Table 2). The capital of Sweden (Municipality
“A”) is by far the largest municipality with the most schools
within its borders, both public and independent. With the
exclusion of this municipality, the mean size of all municipalities
in the county is 52,056 (Standard Deviation (SD): 28,131.51)
inhabitants and the mean number of upper secondary schools
4.2 (SD: 3.84) of which 1.64 (SD: 1.38) are public schools and
2.68 (SD: 3.03) are independent schools. The corresponding
numbers for the municipalities included in the study, excluding
the municipality of Stockholm, are 62 413 (SD: 28,807.92)
inhabitants, 5.56 (SD: 4.15) upper secondary schools, 2.12
(SD: 1.49) public schools, and 3.24 (SD: 3.56) independent
schools. Thus, the municipalities included in the study are on
average somewhat larger than those not included. In terms
of education, the proportion of inhabitants aged 25–64 years
with at least 3 years of university education is 31% in the
entire county, and in the municipalities included in the study
32%. Eight principals, two representatives of principals, i.e.,
one administrative manager and one official, appointed by the

TABLE 1 | Main categories and sub-categories.

Main categories Sub-categories

Smoking-ban

implementation factors

Regulation of outdoor school ground smoking

ban by The Tobacco Act

Enforcement actors

Municipality-based control of compliance with

outdoor school ground smoking ban

School leadership

School-based implementation and

enforcement

School factors School culture

School ground

Community environment

factors

Other actors or activities in the society

Social environment

Laws and regulations apart from the smoking

ban on school grounds

principal, 10 inspectors, and 10 politicians, constituted the final
group of informants.

Analytical Categories
The key concepts, facilitators, barriers, and potential factors
were categorised into three main categories, corresponding to
those previously outlined by Rozema et al. (29), i.e., smoking-
ban implementation factors, school factors, and community
environment factors. Smoking-ban implementation factors are
factors related to (1) the actual implementation of the ban,
including how it is expressed in the Tobacco Act, (2)
enforcement actors at different organisational levels, and (3) the
enforcements’ actor’s performance and ability to implement the
ban. School factors are factors connected to the schools per se,
regardless of the smoking ban. Community environment factors
are circumstances which surround the actual implementation
organisation, influencing the implementation of the ban without
being directly connected to the implementation process. Along
with the main categories, 10 sub-categories were defined, as
outlined in Table 1.

Additionally, 29 codes were generated from the material
(Supplementary Table 3). Facilitators, barriers and potential for
improvement were found in all the sub-categories, except for
“Laws and regulations apart from the smoking ban on school
grounds,” were no facilitators were revealed. In the following, the
results are presented under headings corresponding to the main
categories and sub-categories.

Smoking-Ban Implementation Factors
Regulation of Outdoor School Ground Smoking Ban

by the Tobacco Act
Although a smoke-free school ground is regulated by law, only
one informant emphasised that a ban facilitates the maintenance
of non-smoking in upper secondary school grounds. Several
other informants found it difficult to implement the ban and the
view that the law is meaningless because of a lack of tools to
maintain compliance with it was also expressed.
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It doesn’t help us, because nothing happens, and our students know

that if they smoke in the school ground, “it is certainly forbidden by

law, but I don’t suffer the consequences.” So, that it is forbidden by

law, will not be a tool for us. Possibly signal policy, but at least our

young people are not receptive to that type of signal policy, so I don’t

think the law helps me at all. (Principal 3)

At the time of the interview (January–March 2019), several
informants looked forward to a revised version of the Swedish
Tobacco Act that was due to be implemented in July 2019.
The new act encompasses a smoking ban in certain public
spaces, including the entrances to school buildings, which several
informants said will make it easier to enforce the ban, especially
at schools without a well-defined school ground.

Enforcement Actors
A facilitating factor related to enforcement actors concerned
support given to the municipalities by the County Administrative
Board. Meetings organised by the Board are perceived as rich
opportunities to learn about the interpretation of the Tobacco
Act and how to write injunctions and prohibition documents
regarding deficiencies in compliance with the school ground
smoking ban. The inspectors further expressed appreciation for
the opportunity to meet colleagues and exchange experiences at
the meetings.

I think we’ve got a lot of information. We’ve had a lot of fun. We

have received manuals, manuals on policy, handbooks on action

plans. We have checklists. We had a network meeting last autumn

at the County Administrative Board. (Inspector 10)

Most of the inspectors expressed engagement and motivation for
their work and suggested that managers were also engaged in the
tobacco prevention work. Although the work was perceived as
meaningful, two of the inspectors doubted whether they would
succeed in abolishing smoking at the school grounds.

I think it feels meaningful [. . . ]. But there are cases when it may

not really work. Thus, upper secondary school students get so much

input from so many other “realities.” Both from social media and

television and the mass media. (Inspector 8)

Enforcement actors expressed that barriers mostly seemed to
concern local politicians, expressed by a local inspector in the
following way:

The politicians in our local committee, they are interested in issues

on building law and beach protection. But in tobacco, I can say,

they are not interested at all! (Inspectors 8)

Some politicians described smoke-free school grounds not to
be a prioritised issue in the municipality, while a majority said
that smoking among young people is important to address,
although smoke-free school grounds cannot be prioritised over
other required municipality tasks. In line with this, only a few
municipalities have implemented smoke-free working hours for
municipality employed staff. One politician saw an opportunity

to educate local politicians about tobacco and related problems
in order to facilitate well-informed decisions on the issue.

Municipality-Based Control of Compliance With

Outdoor School Ground Smoking Ban
The frequency of supervisory visits at schools varies between
municipalities, with some schools being visited every year or
every second year and others less frequent. The absence of
a specific fee for supervision is considered to contribute to
sparse visits. However, half of the inspectors considered the
existing frequency of supervision to be sufficient. Additionally,
two inspectors considered injunctions to be a useful tool
for supervision.

It gives more weight [. . . ] than if it becomes a report that may

end up in someone’s junk mail or the like. [. . . ] We have that

opportunity and I think we should use it. (Inspectors 8)

The view on injunctions among principals was overall neutral
or negative. Several inspectors expressed reasons why these
instruments are not used more often.

We find it very difficult to submit injunctions about smoking to a

school. This is just about a school ground, what is a school ground?

Then you can always ask for routines, but they often have them.

(Inspectors 6)

The possibility of adding a charge to injunctions and prohibitions
was regarded as problematic by some politicians and inspectors,
partly because it would seem strange to demand payment from
an actor financed by public funds.

No, I don’t believe it. [. . . ] Even if you were to charge a private

school, it’s tax money that the school is running with. It doesn’t feel

reasonable. (Politician 2)

Some inspectors indicated that supervision of schools through
more frequent visits would improve the schools if there were
more resources assigned for the visits. However, there were also
inspectors claiming that that with more resources they would
prefer to focus on preventive supervision than on supervisory
control visits. Smoke-free working time in all public workplaces
in the community, including schools, was also suggested as more
effective than making more supervisory visits to schools.

School Leadership
All principals seemed well-informed about the outdoor school
ground smoking ban and could also express reasons why the ban
exists, such as smoking being a health hazard and non-smoking
students and staff should not be exposed to or inhale tobacco
smoke. A majority of the principals argued that a smoke-free
school ground is prioritised even if it is not the highest priority
on the agenda.

Yes, it’s quite a priority. Obviously, there are degrees in everything.

It may not be the primary mission, but it’s a priority. It’s something

we work with daily. (Principal 1)
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Both principals and inspectors stated the schools generally
comply with observations on the shortcomings and requirements
of inspectors. Activities linked to tobacco prevention in the
schools include teachers and other staffwho see students smoking
on the school ground and tell them to stop. Although most
principals seemed motivated to carry out the implementation
of a smoke-free school ground, there was also a critical stance
on the school’s responsibility for maintaining the tobacco law’s
smoking ban.

To put all the responsibility on the school by having a law that says

it’s forbidden to smoke on the school ground, without adding any

resources at all. [...] It doesn’t work! I have been working at a lot

of different upper secondary schools and it has never worked. [. . . ]

Young people do dangerous things and it doesn’t help with a ban.

Period. (Principal 3)

When trying to stop students from smoking on the school
ground, staff sometimes experience problems, such as rude
responses from students and a lack of time to stop and argue.
Two principals expressed the problem as follows:

That’s easier said than done [...] The one who stops may not know

who the student is that stands and smokes. It’s not always certain

that he or she will agree to leave the area. Sometimes they choose

to remain, or even perceive a kind of provocation, acting rude.

(Principal 1)

We have no chance whatsoever of having systematic control, or

hiring someone who walks around as a smoke guard at the school.

[. . . ] We don’t have the capacity within the school budget, to stick

with employees who have this as an assignment. (Principal 2)

Two of the principals thought that they were required to work
harder to raise the staff ’s sense of responsibility to act when
observing smoking students. Simultaneously, they highlighted
the insufficient sanctions they can employ if smoking students
are discovered. The principal and staff can tell students to stop
and inform the parents that their child is smoking if the student
is under 18 years of age, but otherwise, the student has to approve
the contact with parents. The school can send one or more
warnings to parents or students themselves if they are of legal age,
but then several principals feel that it is impossible to do more.
However, several principals said that suspension due to smoking
is not possible within the framework of the Education Act and
the curriculum.

What do we do if we catch a student who smokes in the school

ground? [. . . ] At the individual level, we cannot suspend students

because they smoked on the school ground. (Principal 4)

Further, some principals believed that prohibition is not the right
way to achieve smoking cessation on the school grounds and
conflicts between staff and students due to the students’ refusal to
stop may inhibit learning and completion of students’ education.

My assignment is that the students should be in school and learn

things, and then it feels very unreasonably to expel a student. [. . . ]

It will be like a kind of punishment that may somehow affect the

student’s studies and study results. (Principal 6)

Regardless of the possibility of suspension, some principals
believed that conflicts between staff and students over smoking
habits are not worth the problems that they create. One principal,
however, held a strict position regarding the smoking ban, stating
that it is clearly a school’s task to ensure that no smoking occurs
on the school ground and that schools should take action and
stand behind the law. Claiming the potential for schools to
effectively address a violation of the ban, the principal expressed
the following:

The school must own this issue and regard it as important. We, the

school, stand behind this law, and that’s a thing that one should

work for. (Principal 9)

This principal claimed that there was no, or almost no, smoking
occurring on the school ground currently, in contrast to the
remaining principals who clearly stated that smoking occurs at
their schools.

School-Based Implementation and Enforcement
Principals indicated that all schools have a policy on tobacco
and smoking. Moreover, smoking prohibition is communicated
via signs on school grounds. The tobacco policies include
information, e.g., that smoking is prohibited in the school’s area,
the harmful effects of smoking, what measures the school should
take if students violate the smoking ban and other measures
to be implemented against smoking. The prevention efforts at
schools include, e.g., integrating teaching on tobacco and related
consequences into the schedule, smoking cessation support, and
various campaigns and programs. Information about policy and
any action plan or rules of procedure regarding smoking is
preferably given when the students are introduced to the school,
often accompanied by information to their parents. Education
about smoking and related issues is further often integrated
into the curriculum. One of the principals said that parental
contact, in case students violate the smoking ban, can have the
intended effect on students’ smoking. However, since the parents
often already know that their child smokes, the contact often
does not improve the situation but is rather perceived as a
time-consuming process.

But just to take this to the next step and try to register the incident

in some way. And then send home a warning to parents of minor

students, or to the student, if they are of age, I think is an extremely

difficult procedure. (Principal 1)

Other principals expressed a pragmatic view of the problem,
saying that it is good that staff continue to tell students
that smoking on the school ground is forbidden even if no
additional measures are taken when students are caught smoking.
Conversely, one principal, the same principal who had obtained
a smoke-free school ground, said that it is extremely important
to maintain a restrictive line against smoking and expressed
potential for intensifying implementation efforts as follows:
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You have to inform with clarity in writing! Both orally and written

[. . . ]. The students know that it will be a consequence. They know

that many adults care. They know that adults are caring. They

know that if they are under the age of 18, we call home. (Principal 9)

School Factors
School Culture
Several principals expressed an awareness that staff are role
models for students in smoking prevention. Some schools had
made efforts to support the staff with smoking cessation and
promote a smoke-free school. Despite the awareness of staffs’
importance as role models for the students, some informants
had observed staff smoking on the school ground, e.g., school
canteen staff and teachers. Additionally, students can often see
other adults smoking near the school ground, or even in the
school ground, as many schools share the area closest to the
school with other organisations with no smoking ban. Moreover,
students can see smoking peers, either on the school ground, at
entrances, or next to the school ground, inhibiting a supportive
school culture. The social aspect of smoking and the influence of
peer behaviour on students’ was also highlighted.

I would say that it’s very much a social phenomenon. It’s not often I

see a student standing and smoking alone, rather going out together.

(Principal 2)

In order to prevent students from smoking, some schools supply
other social activities, such as sports equipment and games.

School Ground
The presence of a school ground is central for the possibility of
enforcing the school ground smoking ban. Several schools have
no school ground at all and those that do often have an unclearly
defined ground, which was expressed as problematic.

There has always been a dilemma. What is a school ground and

what is not a school ground? It’s very difficult in some places.

(Inspector 8)

Due to supervision from the inspectors, several schools have
removed smoking shelters and ashtrays from the school ground
to prevent smoking. Nevertheless, the issue of having ashtrays
or not is disputed. Some informants argued that it is better
for smoking students to put butts in ashtrays than on the
ground, to prevent an unpleasant environment. Some inspectors
had, despite guidance to avoid objects or circumstances that
invite smoking, observed the presence of smoke shelters or
hidden places in some school grounds. A conflict between a
school’s sometimes more permissive attitude to smoking and the
inspectors’ more restrictive perspective was expressed by one of
the principals as follows:

We talked before about having ashtrays outside the school’s area,

so that we can really clearly mark that “if you should smoke you

will smoke there.” But we didn’t get permission for that from the

municipality environment and health unit. And due to that, a lot

of butts end up on the ground, unfortunately. (Principal 5)

One of the principals suggested that making the school ground
outside smoke shelters more pleasant and beautiful would
encourage students not to smoke but stay in the nice areas of the
school ground.

Community Environment Factors
Other Actors or Activities in the Society
In addition to the school and the municipality’s supervisory
organisation, the informants see the surrounding community as
an important factor in achieving smoke-free school grounds. This
includes the municipality’s other activities, e.g., leisure activities,
crime prevention, and drug prevention. The collaboration with
prevention coordinators and the role of social services were cited
as a resource in tobacco prevention at the schools.

Working within the school on different levels and with outside
support to prevent smoking was highlighted by one inspector,
who gave observations of what an ideal prevention effort might
look like.

When you go to such good schools with colleagues that work on it on

many levels, they may have had tobacco-free school time. And there

has been contact with parents, counsellors and it has been possible

to offer cessation weaning talks. And so, you have people who can

help and support. (Inspector 1)

Several informants emphasised that the school needs additional
external support from decision-makers and authorities.

The school obviously needs guidance, an idea bank, something to

stand on. [. . . ] that they feel that they have a support. In part from

the decision-makers, but above all, from government agencies that

can produce information material. (Politician 2)

Social Environment
Despite an increasingly more tobacco-restrictive norm in the
society, several informants referred to social norms at both
group and societal levels as an explanation for adolescents’ and
adults’ smoking. To change the attitude of young people to a
more tobacco-restrictive orientation, the idea of a collaboration
between school and parents to convey preferable values was
advanced. The influence of peers as an important factor for
whether students start smoking was also highlighted.

Students starting in one year, and returning in the second year,

suddenly have started smoking. And it’s very much about group

affiliation and identity and who you want to keep up with.

(Principal 4)

Several of the informants said that changed norms throughout
society are necessary to make young people abstain
from smoking.

Laws and Regulations Apart From the Smoking Ban

on School Grounds
Several principals indicated there are insufficient sanction
opportunities connected to the school ground smoking ban, and
the combination of the requirements of the Tobacco Act and
the Education Act along with the school curriculum is also a
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problem. One principal expressing frustration suggested a change
in the Education Act or the Tobacco Act.

I would like it to be included in the School Act or the Tobacco Act,

anywhere. I would like some clearer powers to actually take any

kind of disciplinary action. Because I think it’s terrible to go on

forever [telling smoking students to stop]. (Principal 1)

Several of the informants mentioned that sharper tobacco
legislation in general, which includes areas outside the school, is
needed to eliminate smoking in society and thereby in schools.
One reasoned about a total ban in society as follows:

So, to get rid of smoking, because that is what you really should

work with, you simply have to criminalise tobacco possession and

use. And the state should simply cease with this double standard

that we have the smoking as a tax source for our welfare system,

while also saying that we should stop smoking. (Principal 1)

DISCUSSION

The aim of the current study was to identify facilitators, barriers,
and the potential for improved implementation of a 25-year
outdoor school ground smoking ban in upper secondary schools.
The most salient finding in our study is the conflicting goals
governing the schools, which seem to lower staffs’ motivation
to maintain the ban. Moreover, in upper secondary schools in
Stockholm County, the lack of school grounds or unclear school
ground boundaries impede the implementation of the ban.

Several factors promote the implementation of the outdoor
upper secondary school ground smoking ban in Stockholm
County. Consistent with previous research, facilitators are good
support from the County administrative board; collaboration
between local community actors; tobacco prevention strategies
in schools; education and other prevention activities for
students; well-informed principals engaged in the prevention
of smoking on the school ground (26, 27), although to a
somewhat varying degree; and generally motivated inspectors
with access to sharp sanction tools (26, 27), although they are
not always used. However, smoking on upper secondary school
grounds in Stockholm County is a persistent problem, and the
work to achieve smoke-free school-grounds is hampered by
several barriers.

Firstly, there is a lack of fit between existing values and
policies governing the school (45), vs. the outdoor school
ground smoking ban in the Tobacco Act (32), which is an
implementation barrier highlighted in previous research (26, 27,
46, 47), but not specifically in studies on the implementation
of outdoor school ground smoking bans (16, 22, 29–31). Staffs’
positive attitude to the implementation is hindered by an obvious
conflict between the goal of strict enforcement of the ban,
connected to sometimes troublesome discussions with students
and time-consuming routines to report violations of the ban,
and the schools’ overarching objective of students’ learning
and completion of their exams (45, 48). Hesitation to start
conflicts with students and the lack of effective sanctions to use
for violators (45), especially students of legal age, reduces the

motivation to pay attention to and report smoking students to
the school administration. Lack of motivation among school
staff, although not explicitly linked to conflicting goals governing
the schools, has previously been highlighted in research on the
implementation of outdoor school ground smoking bans in
Canada and the Netherlands (16, 29, 31, 47), and implementation
research in general (26, 27). Teachers’ goal of avoiding conflicts
with students is generally positive, since good relations between
students and staff can promote the implementation of outdoor
school ground smoking bans (21, 22, 29, 47). However, this
motivation seemed to cause a less strict implementation of
the ban in the current study. Moreover, if more effective
sanctions were introduced, such as suspension from school, it
may adversely affect the students’ studies, thereby lowering the
staffs’ and principals’ motivation to use it. Nevertheless, it is
important for stakeholders, including schools’ principals and
staff, to discuss the conflicts and find reasonable solutions to
solve them.

Secondly, a conflict may exist between the goals of reducing
smoking among young people in general (5), and achieving
smoke-free upper secondary school grounds. If smoking students
are forced to leave the school ground, they escape the influence of
non-smoking peers and staff who express a non-smoking attitude
and can also encounter people and situations that can be harmful
(31). Therefore, forcing smokers to leave the school ground may
be a less desirable solution to the problem of smoking students
on the school ground.

Thirdly, despite seemingly clear and comprehensible
legislation, some complexity (26, 27) arises in the Swedish
outdoor school ground smoking ban due to unclear boundaries
of upper secondary school grounds and even a lack of such school
grounds, which is a barrier that, to our knowledge, has not been
presented in previous studies (16, 22, 29–31). At schools where
this issue exists, the principal and staff cannot point out the
school ground boundaries for students, and inspectors visiting
these schools cannot carry out proper control of compliance with
the ban, which, of course, inhibits the enforcement of the ban.
Some informants in the current study mentioned the possibility
of combating school ground smoking in a more general manner,
through the introduction of smoke-free working hours at public
workplaces in all municipalities (21, 29, 49). This strategy has
been successfully tried in some Irish, German and Finnish
schools (50).

Fourthly, in line with previous implementation research in
general (26, 27) and studies on the implementation of smoking
bans in particular (16, 30), the lack of resources is perceived as an
implementation barrier among principals and inspectors. Several
informants expressed that the implementation of the outdoor
school ground smoking ban is less of a priority compared tomany
other issues that must be handled within existing resources and
working hours.

Despite several barriers, there seems to be the potential for
improvement of the implementation of the Swedish outdoor
upper secondary school ground smoking ban. A new tobacco
act, implemented in Sweden in 2019, can likely prevent students
from smoking at school entrances, regardless of whether or not
there is a school ground, which decreases the importance of
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clear school ground boundaries. This policy change may also
support the denormalisation of smoking, thereby facilitating the
prevention of smoking among students (21, 29, 49). Sustaining
a clearly restrictive non-smoking norm, supported by the new
tobacco act, seems important and also possible, preferably in
combination with the continuation of the existing education on
smoking in the curriculum (24, 29, 51, 52). However, previous
studies have also indicated that a high level of conflict between
staff and students regarding the enforcement of smoking bans in
school settings may have a reversal effect for some individuals
(22, 52), especially for alienated students with a high risk of
substance use and school drop-out (22). Rozema et al. (16)
suggested that one way to lower the level of conflicts with
smoking students is by training staff on effective ways of dealing
with violators of the ban. Such training could be part of
the solution in Swedish upper secondary schools. Also, other
vocational categories could be employed or provided from the
municipality to support the staff in the maintenance of the ban,
e.g., prevention coordinators.

Collaboration between the municipality’s committees and
administrations and extra resources for tobacco prevention
activities (26, 27) may also facilitate the work of achieving
non-smoking school grounds. Education of politicians could
facilitate an awareness of the importance of obtaining smoke-
free school grounds, thereby facilitating a higher priority of
current prevention efforts in the municipalities (26). Finally,
the surrounding community and actions at the societal level
can facilitate smoking prevention among students in several
ways. Extending the smoking ban to areas near the schools
might facilitate implementation, as highlighted in previous
research (21). Tobacco restrictive norms among parents, and
the prohibition of smoking at restaurants and public places can
further contribute to the denormalisation of smoking and the
reduction of teenage smoking (49, 53, 54). Moreover, compliance
with the age limit for tobacco sales can make it more difficult
for people below 18 years of age to obtain cigarettes, thereby
preventing smoking both in schools and elsewhere (23, 55). A
more drastic measure is a total ban on tobacco in the society,
which would certainly lower the prevalence of smoking among
students if the black market was effectively counteracted (21, 23).

Strengths and Limitations
The current study has several strengths. Firstly, the inclusion
of three vocational groups with the power to influence
the implementation of the outdoor upper secondary school
ground smoking ban provided rich material that deepens our
understanding of the implementation, highlighting conflicting
interests and different views connected to different professional
roles. Secondly, the inclusion of informants from larger and
smaller municipalities with different average education levels
among inhabitants, which has been previously shown to
influence smoking habits (56), reduced the risk of receiving
a limited view of the implementation due to the exclusion of
factors related to inhabitants’ smoking habits, e.g., socioeconomic
background (57), and municipalities’ economic resources.
Thirdly, the selection of municipalities and upper secondary
schools with varying motivations to implement the smoking

ban, as evaluated by the County council, may have influenced
stakeholders to have a nuanced view of the implementation.
In addition, the team-based analytical process, involving all the
authors and applying independent coding, should strengthen
the credibility of the results (58). However, there are also some
limitations. Because less engaged persons in the implementation
of the ban might be more likely to abstain from participation in
the current study than more engaged persons, there is a risk of
selection bias due to personal interest, resulting in amore positive
view of the implementation of the ban than is actually the case.
Future studies could include longitudinal statistics on progress,
e.g., number of non-smoking policies in schools, and number of
smoking students. Finally, the current vocational categories of
informants may have given a too limited view on the problem
with implementation of the outdoor school ground smoking ban.
Future studies could include additional vocational categories,
e.g., teachers and also students, to give an even more elaborated
view on the implementation, e.g., concrete strategies to support
the teachers and ways to approach smoking students.

Conclusion
To achieve effective implementation of outdoor school ground
smoking bans in upper secondary schools, authorities need
to address conflicts between different goals governing the
schools and give necessary support to the staff to strictly
enforce the ban. Policies on smoke-free working hours in the
municipalities along with tobacco restrictive (58) policies in the
surrounding society may increase the possibility of maintaining
the smoking ban in upper secondary school grounds. Future
studies could include additional informants connected to the
schools, such as teachers and students, and longitudinal data on
smoking in upper secondary school grounds where smoking bans
are implemented.
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The response of the scientific community to the COVID-19 pandemic has been

unprecedented in size, speed and discovery output. Within months of virus emergence,

the SARS-CoV-2 genomics, replication, evolution and dissemination dynamics as well

as natural history, infection risk and prognostic factors and biology of the disease have

been gradually deciphered. More than 250 articles on COVID-19 published in Frontiers

in Public Health have contributed to these insights. We discuss here some of the key

research themes and challenges that have been addressed. We provide our perspective

on current research issues with surveillance data quality and limitations of epidemiological

methods. We warn against the potential misuse or misleading interpretation of public

data of variable quality and the use of inadequate study designs for the evaluation of

effect of non-pharmaceutical interventions. We conclude by interrogating possible public

health strategies for pandemic control as well as discuss the ethical responsibilities and

democratic accountability of researchers in their role as experts and policy advisors.
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THE OUTSTANDING RESEARCH RESPONSE TO THE PANDEMIC

The COVID-19 pandemic has inflicted immense health and societal damage across the world in
2020, with over 1.9 million deaths, massive economic recession and life disruption related to drastic
social distancing and other control measures. In comparison to any other infectious disease, the
response of the scientific community has been unprecedented in size, speed and discovery output.
Within months of COVID-19 emergence, the SARS-CoV-2 genomics, replication, evolution and
dissemination dynamics as well as natural history, infection risk and prognostic factors, biology
and pathogenesis of the disease have been gradually deciphered. Novel diagnostic approaches and
assays have been developed, while an array of antiviral and immunomodulating agents were tested
in multicentre trials. COVID-19 vaccines have been developed at record speed with several safe and
effective products authorized and launched for mass immunization in December 2020.

To make sense of emerging information on this pandemic, one should acknowledge how these
extraordinary research efforts have generated an explosion of scientific papers. Bibliometric surveys
indicate that more than 180,000 peer-reviewed articles and 30,000 preprints on COVID-19 were
published this year (1). This surge has required substantial time and resource investment from
authors, editors and publishers. From the outset of the pandemic, Frontiers has facilitated the
timely peer-review and open-access publication to date of 2,000 scientific papers in 168 COVID-
19 dedicated Research Topics across its journals (2). In Frontiers in Public Health, manuscript
submissions on infectious diseases have increased 5-fold this year as compared with last year, 80%
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of which report on COVID-19 research. We wish to thank our
authors, editors and reviewers for their time and commitment
to deliver over 250 articles advancing our understanding of
COVID-19-related issues. We discuss here some of the key
research themes that have been addressed in 2020 in Frontiers
in Public Health, with selected examples of salient contributions
from this Journal.

MARKED GEOGRAPHICAL
HETEROGENEITY IN COVID-19 BURDEN

One of the striking public health features is that countries
around the world are facing such dramatically different impact
of the pandemic both on morbidity and mortality. Though
different health burden indicators have different meanings, time
dependencies and pitfalls, they consistently indicate that some
countries fare much worse than others. As of 21 December 2020,
the continuously increasing cumulative COVID-19 incidence
ranged by country worldwide from 3.26 to 98,388 total confirmed
cases per million population (3) while COVID-19 related
mortality ranged by country worldwide from 0.03 to 163 death
per 100,000 population (4). As indicator of lethality, the crude
case-fatality (CF) among notified COVID-19 cases ranged at
latest report from 0 to 29%, with many high-income countries
falling in the higher range (4). Likewise, modeled estimates of
SARS-CoV-2 infection fatality (IF) inferred from population
sero-surveys in 11 selected countries and cities range from 0.14
to 0.42% in low-income countries to 0.78–1.79% in high income
countries, with the differences in those ranges related to the older
population of high-income countries (5). Another mortality
indicator, the number of excess deaths from all causes above
historical baseline that are temporally associated with COVID-
19 incidence peaks, does not depend on diagnostic testing nor
disease reporting capacity. Data from countries that monitor this
more robust indicator confirm their contrastingmortality burden
and reveal further geographical heterogeneity within the larger
ones (6, 7). These data also highlight striking variation in the
degree of national underreporting of COVID-19-related deaths
(7). Many published data illustrate the heterogeneity of COVID-
19 epidemiologic indicators, that complicates our understanding
of the heterogeneity of the burden across countries.

USE AND MISUSE OF EPIDEMIOLOGIC
SURVEILLANCE DATA

Extensive epidemiologic and multidisciplinary research has
explored possible determinants to these major variations in
the pandemic burden between countries and regions. These
studies have taken advantage of notification of COVID-19
surveillance data by national authorities and of open data
compilation and trends monitoring by academic centers (3,
4) and supranational agencies like the WHO and ECDC.
However, the first step that is often overlooked by researchers in
international comparative studies is appraisal of the accuracy and
comparability of national surveillance statistics. Unfortunately,
national COVID-19 surveillance methods are not standardized

and their implementation further depends on local clinical and
laboratory capabilities and practice. Differences and changes
over time in national surveillance protocols, case definitions
and reporting delays in the European Union are monitored by
ECDC (8). Inter-country variation affects the following steps
of surveillance data reporting: 1. case definition criteria, such
as for the attributed cause of death (laboratory confirmed
COVID-19 case only or also probable case, time delay of
death after positive COVID-19 test, type of test - PCR, antigen
test, serology, place of death - in hospital or also community
deaths); 2. case ascertainment (SARS-CoV-2 testing policy,
testing rate, testing method quality); 3. case notification delays
and corrections. There is a certain degree of confusion around
commonly used metrics, and clarifications are needed. A good
introduction to the methodological issues and main types of
biases behind apparent inter-country differences in pandemic
health outcomes is discussed by Backhaus (9). Specific warnings
against misinterpretation of COVID-19 surveillance data and
their derived indicators are provided in public health and
academic resources (3, 8). To enhance preparedness and support
response to this and future pandemics, national infectious
diseases surveillance systems should further standardize and
improve the collation and timely reporting of complete,
disaggregated and comparable epidemiologic data.

Ecological studies on potential determinants of COVID-19
outcomes across countries have used open data on environmental
conditions, population demographics, economic resources,
health systems, and public health policies. Some of these health
determinants are conveniently summarized in composite indices
such as those provided by the Oxford COVID-19 Government
Response Tracker initiative, aimed at comparing the stringency
of government responses to COVID-19 across countries and
over time (10). Attempting to use such indices to address the
effectiveness of epidemic containment policies and interventions
raises a number of methodological caveats (3, 10, 11). Articles,
including from this Journal, are open to questioning as to the
study design, quality of data and interpretation. One example
is the report by De Larochelambert et al. (12), that explored
five domains (demography, public health, economy, policy,
environment) and their potential associations with COVID-19
mortality during the first 8 months of 2020, through a Principal
Component Analysis and Pearson correlation tests. Although it
raises interesting points about the background weaknesses of
the countries that were more affected by the early phase of the
pandemic, most of these features are correlated with an aging
population. The pitfalls with the study include a lack of age-
standardization of death rates, and a lack of consideration of
the timing of and compliance with public health interventions.
First, COVID-19 CF and IF steeply increase with age above 50
years (3–5). Comparing the COVID-19 related risk of death in
populations with different age structures by age- standardized
mortality as attempted by Villani et al. (13), shows very different
ranking of countries than by using crude mortality data. Second,
the analysis of public health interventions through national
scores of the Oxford University Containment and health index
and Stringency index, as predictors of COVID-19 mortality in
this study is in our opinion inadequate as neither the degree
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of policy implementation, nor the timing of interventions in
their epidemiological context were taken into account. Indeed,
the Oxford University government index designers warn that
“these indices should not be interpreted as a measure of the
appropriateness or effectiveness of a government’s response”
(10). Time series and temporally weighted regression analysis
of these indices indicate that high stringency control policies
may be associated with divergent trends in national mortality
depending on whether it was initiated early or late after the
start of the epidemic (10, 11). Therefore, the conclusions by De
Larochelambert et al. (12) that the “stringency of the measures
settled to fight pandemia (sic), including lockdown, did not
appear to be linked with death rate” and that “this (mortality)
burden was not alleviated by more stringent public decisions”
are simply meaningless. Unfortunately, this publication has been
cited by conspiracy theorists on social media as supporting
claims that “Lockdowns do not control the coronavirus: The
evidence” (12).

This is only an example of the caution that needs to be exerted
before drawing inferences from open data that are of variable
quality and sometimes wrongly interpreted. On the other hand,
epidemiologic studies reported in this journal have progressed
our understanding of the risk factors associated with SARS-CoV-
2 transmission and COVID-19 fatal outcomes (13–19). Likewise,
modeling studies have shed light on effective control measures
and likely trajectory of the pandemic in various settings (20–23).

On risk factors, an early case series by Jin et al. on the role
of gender in morbidity and mortality in patients with COVID-
19 showed that men are at higher risk for severe disease and
death, independent of age (14). Li et al. analyzed the COVID-
19 incidence and mortality risk in China using a maximum
likelihood approach that indicated a steeply increasing mortality
risk in older adults (15). In an ecological study, Khan et al. used
a negative binomial regression model and Principal Component
Analysis to assess the association between national healthcare
capacity index (number of physicians, nurse and hospital beds
per population) and crude COVID-19 CF data available on 30
April 2020 from 86 countries, adjusting for other covariates
(demographic, health expenditure, population density, and prior
burden of non-communicable disease as well as civil society
openness index) (16). While acknowledging the data limitations
and possible biases, their analysis confirmed that greater
healthcare capacity was related to lower COVID-19 CF (16).
This has been experienced very acutely in countries confronted
with insufficient intensive care capacities for managing a
surge of patients with respiratory failure during epidemic
peaks (6, 8, 13, 16).

More detailed epidemiologic investigations revealed
important determinants of epidemic spread at the local
level by using diverse statistical models (17, 18). De Ridder
et al. used a spatiotemporal cluster detection algorithm to
monitor SARS-CoV-2 transmission dynamics in neighborhoods
of Geneva until 30 April 2020 (17). By using survival analysis
and Cox model adjusted for population density, they found a
dose-response relationship between level of socio-economic
deprivation and prolonged duration of virus transmission within
local clusters, highlighting the need for inequality mitigation

measures as part of COVID-19 risk mitigation strategies.
Castaneda and Saygili examined the county-level proportion
of residents staying at home as measured by mobile device
location data and COVID-19 daily case increase rates in Texas
during February-May 2020 (18). They found that the growth
rate of COVID-19 cases decreased when a larger proportion
of the local population stayed at home. Interestingly, county
emergency policies coincided more closely with the increase
of people at home than the later State-wide order to “shelter
in place,” suggesting that to reach out with an alert to the local
population may be a more effective communication strategy in
that setting (18). Bönisch et al. assessed the effect of confinement
in Germany by using an Interrupted Time-Series analysis linking
actively collected population mobility data and weekly estimates
of COVID-19 reproduction number before, during and after
the lockdown from January to May 2020 (19). They measured
a significant mobility decrease by more than half across all age
groups and regions during lockdown and to a lesser degree
thereafter. This mobility reduction was followed after a few
weeks by a sustained reduction in COVID-19 transmission as
indicated by an effective reproduction number falling from a
value of∼3 to below 1 (19).

Mathematical modeling has been extensively applied during
this pandemic to nowcast and forecast its national trajectory and
impact on healthcare resources and to inform decisions about
control interventions (20, 21). It is important to remember that
all models are a simplified hypothetical representation of reality.
In a helpful commentary for the non-mathematician, Mac et
al. clearly explain the main types of epidemic models used for
analyzing and projecting SARS-CoV-2 transmission and discuss
their respective strengths and limitations (21). The authors
underline the advantages of defining the modeling questions,
appraising the input data quality and model assumptions in
partnership with stakeholders who work in the field and may use
the results for making practical decisions (21).

A range of mechanistic models formalize the transition of
groups or individuals in a population from the susceptible to
infected to recovered (SIR) states, with model variation by
inclusion of further states such as death (SIRD) or susceptible
again (SIRS) (21). In Frontiers in Medicine, Roques et al.
applied an elaborate analytical framework combining a SIRD
transmission model, a probabilistic observation model and
Bayesian inference procedure to measure the effect of the
nationwide lockdown in France in March 2020 (22). They
estimated that the lockdown effectively reduced the transmission
of the COVID-19 by a factor 7, based on an effective reproduction
number Re = 0.47 during lockdown compared to the basic
reproduction number R0 = 3.2 in the early stage of the epidemic
(22).With yet another approach,Wang et al. developed a survival
convolution model to fit the dynamics of national epidemics
and estimated the effect of nationwide control interventions
in selected countries through a natural quasi-experimental
design (23). Their forecasting results predicted better COVID-
19 transmission control in China and Korea than in Italy and the
USA after relaxing restriction measures in the spring 2020 (23).

Overall, as illustrated above, idiosyncrasies abound in
COVID-19 reported data, and competing analytical approaches
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do not allow easy interpretations of observations across settings.
Therefore, one should consider their limited external validity
to infer actions, especially when attempting to generalize
effectiveness beyond the local or national context. We
acknowledge that relying only on studies published in Frontiers
is a limitation of the wider perspective that could come
from reviewing publications in other Journals on COVID-19
epidemiology and control.

PROSPECTS FOR THE FUTURE

Frankly, and as consequence of the above warnings and
limitations of the assessed evidence, it is not clear what
the optimal strategy for the future control of the COVID-
19 pandemic is beyond mass vaccination. There are great
expectations toward the vaccines, several of which have been
recently authorized for emergency use or approved by regulators
after demonstrating high levels of efficacy and safety in
trials. Their administration has started in many countries in
December 2020. The first real-world estimates of very high
levels of short-term protective effectiveness against infection
and disease from national vaccination campaigns are extremely
encouraging (24). However, uncertainties remain about the
duration of vaccine-induced protection against asymptomatic
infection and against disease in vaccinated individuals, especially
in the event of emergence and spread of viral antigen-variants
that escape vaccine-induced immunity. The ultimate goal of
reaching herd immunity across populations will require extensive
immunization campaigns and wide population coverage, and will
likely occur later than 2021.

Therefore, a multipronged strategy of testing, tracing and
isolating infectious cases and their contacts, in combination
with sustainable levels of social distancing and use of personal
protection such as face masks, remains the best option beyond
vaccination to reduce viral transmission to minimum levels
(25). In many countries, experience has shown that molecular
testing for SARS-CoV-2 RNA has limited capacity related to the
laboratory resources available and the delays in obtaining results.
On this basis, decentralized rapid antigen detection tests have
acquired considerable popularity. Their optimal use has been
outlined in a clear way by the ECDC (26) and OECD (27), i.e.,
the test can be useful for testing recent contacts of cases or
screening particular categories of subjects, such as elderly people
living in closed communities and health sector workers. In spite
of these guidelines, people in several countries may access the
rapid test e.g., through pharmacies, and test themselves with no
consultation with GPs or coordination with preventive services.
This approach has several drawbacks. In particular, the antigen
tests have limited sensitivity, around 70% but ranging from 20
to 95%, while specificity is higher (26, 27). False positives can
be ruled out by confirming positive antigen test results with a
nucleic acid test. Even though the best antigen tests would detect
a majority of infected people with a high viral load who are
likely to be the most infectious, a negative result on a given day

does not predict non-infectiousness thereafter. In a period of
sustained community-wide transmission of SARS-CoV-2, there
is a risk of false security if people perform the rapid antigen test
to allow themselves participation in group gatherings and festive
activities, loosening their observance of preventive measures and
thereby acquiring and spreading the virus further.

An experiment of population-wide screening for SARS-CoV-
2 infection with rapid antigen tests has been performed in
Slovakia but the evaluation of its impact is complicated by
combination with lockdown measures (28). A one-off cross-
sectional screening campaign is likely not enough to isolate all the
infected individuals and quench the epidemic. It is not clear what
follows after such a complex and expensive testing experiment.
Further research to assess the cost-effectiveness of this approach
is to be encouraged. In addition, extensive genomic surveillance
and structure-function molecular studies are essential to monitor
the possibility of emergence of diagnostic or vaccine escape viral
variants with mutations in the antigen-encoding genes (29).

Biomedical and public health experts are playing a prominent
and essential role around the world in providing evidence-
based advice to the public and government on measures to
suppress or slow down COVID-19 spread, with varying degree
of decision-making responsibility. At the same time, increasingly
large parts of the public have been expressing distrust of
expert knowledge and reclaiming their autonomy of decision
from technocratic policies, as illustrated in the anti-vaccination
movement (30). In this Journal, Lavazza and Farina opine
that expert recommendations on risk management such as
priority access to testing or intensive care, or digital tracing of
personal contacts, are not neutral and carry axiomatic content
that goes beyond the epistemic authority of scientific experts
(30). We support their view that decisions which are not only
technical but also normative must be justified as such and
subject to wider participatory democratic decision-making. In
the line of the above discussion about the limited robustness of
available epidemiologic data, transparency about uncertainty in
scientific inference based on the analysis of these data is a moral
imperative. As underlined by Provenzi and Barello, building trust
between lay citizens and researchers on identifying COVID-
19 solutions also requires a renewed partnership that includes
public education on the scientific method as well as the active
participation of “citizen scientists” in biomedical investigations
and health intervention trials (31).
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Health is an essential element of economic life and is therefore considered a source

of comparative economic development of countries. The aim of the study was to

examine the associations between health care financing, specific treatable mortality

of males and females of working age, and economic prosperity, taking into account

to the classification of health systems applied in the countries of the Organization for

Economic Co-operation and Development (OECD). An insurance-based health system

and a tax-based health system were identified in these countries, and data were

collected for the period 1994–2016. Descriptive analysis, panel regression analysis

and cluster analysis were used to achieve the aim. The analytical process included

economic indicators [health expenditure, gross domestic product (GDP)] and health

indicators (treatable mortality from circulatory system diseases and endocrine, nutritional

and metabolic diseases). The results revealed significant negative associations of health

care financing with treatable mortality from circulatory system diseases and endocrine,

nutritional, and metabolic diseases in both health systems and both gender categories.

There were also negative associations between treatable mortality in both diagnosis

groups and economic prosperity. These results have shown that health care financing

is linked to economic prosperity also through health variability in the working age

population. In terms of assessing economic and health outcomes, less positive and

more positive countries were identified using cluster analysis. Countries such as Latvia

with a tax-based health system and Hungary, Lithuania, Estonia with an insurance-based

health systemwere characterized by great potential for improvements. Although reducing

treatable mortality is a great motivation for public health leaders to increase health care

financing, the importance for economic prosperity may be a more compelling argument.

Effective interventions should be considered in the light of their regional, social and

economic contexts.

Keywords: economic productivity, health systems, expenditure, treatable mortality, gross domestic product,

gender classification, OECD countries, working age population
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INTRODUCTION

The current global situation underlines the need to focus on
public health in order to eliminate unnecessary deaths and
ensure economic growth. The economic impact of health is well-
known, and therefore measures leading to better population
health contribute to the creation of richer economies (1). In this
context, health care can be considered as one of the important
factors in the economic development of countries (2). It is
also true that the provision of health care depends to a large
extent on its financing, and therefore if countries strive to have
a healthy productive population, they must also focus on the
financing of health care (3). These facts suggest that health care
financing, health and economic prosperity are important and
interconnected elements of any country’s life and should be at the
center of both professional and political attention.

In line with the above-mentioned facts, the main aim of
the study was to examine the associations between health care
financing, specific treatable mortality of males and females of
working age, and economic prosperity, taking into account to
the classification of health systems applied in OECD countries.
The main idea of the research was based on the assumption
that the way and level of health care financing could be
reflected in specific health outcomes, which can also affect
the economic prosperity of OECD countries. If health systems
are well-designed, they should achieve comparable results. The
importance of the issue is unquestionable due to the ongoing
pandemic, which has caused health and economic losses around
the world, but the need for attention has also been before it.
The continuing need for research into treatable mortality is
underlined by the importance of this indicator, which is poorly
investigated in the economic dimension. The results of the
presented study are important for understanding the extent to
which health and economic elements are interconnected, in a
diverse classification according to the applied health system and
gender characteristics of the working age population. Knowledge
of these results makes it possible to design optimal forms of
health policies at the national and international levels in order to
eliminate health inequalities not only within individual countries
but also between countries. Along with health improvements,
leaders can expect economic benefits.

THEORETICAL BACKGROUND

It is well-known that health is a value in itself, it is also
a prerequisite for economic prosperity. Population health is
linked to economic performance in terms of productivity, labor
supply, human capital, and public expenditure. In this context,
individuals in good health represent the driving force of the
economy, but individuals in poor health spend public resources
and represent a potential burden in times of disease and
death. Therefore, the issue of health and economic life requires
an increased attention of researchers, professionals and policy
makers in order to improve the health of the population. One
of the many ways to improve it is adequate financing. Health
expenditure can ensure the good health of individuals which can
increase the volume and productivity of their work and bring

benefits to the economy (4). In this context, the findings of
Murphy and Topel (5) need to be emphasized, which have clearly
shown that improving the health of the population in terms of
increasing life expectancy and reducing mortality translates into
increased economic value of health capital, bringing significant
economic gains. Based on all these findings, it is true that health
is essential for economic prosperity and represents economic
development (6).

The relationship between health care financing and public
health has received considerable attention in recent decades, and
the authors of several international studies support the idea that
health outcomes are influenced, among other factors, by the level
of health care financing (7–9). Novignon et al. (10) revealed that
higher health expenditure has a significant effect on population
health, especially in terms of higher life expectancy and lower
mortality. On this basis, it can be stated that an adequate level
of financing in health care plays an important role in improving
health outcomes in a country (3, 11, 12). On the other hand,
there are findings that indicate that health expenditure is not the
only determinant of health (13). This underlines the ambiguity
and complexity of the relationship between health expenditure
and health outcomes, which creates problems in international
comparison (14).

Although health care financing varies from country to
country, it should be based on pillars such as solidarity and
equity, in order to provide accessible and quality health care.
That is the core of modern health systems applied in countries
based on tax or insurance principles. At themacroeconomic level,
the overall effectiveness of health systems is assessed in terms of
improving health, while health outcomes are often confronted
with health expenditure (15). Van der Zee and Kroneman (16)
compared the effectiveness of an insurance-based health system
and a tax-based health system with a focus on health care
financing, health outcomes and patient satisfaction. In their
results, the authors revealed that the system based on health
insurance acquired a more favorable assessment in terms of
overall mortality, life expectancy, as well as patient satisfaction.
On this basis, differences in health outcomes can be expected
between countries with different health systems, and this aspect
should be taken into account when examining the link between
health and economic outcomes.

The issue under investigation provides many health indicators
as appropriate measures. One of the most commonly used
indicators of population health is mortality, and the results
of many studies support the claim that reducing population
mortality improves aspects of economic life in countries such
as economic development and prosperity (17–19). On the
other hand, treatable mortality is considered a key indicator
demonstrating the extent of the contribution of health care to
the health status of the population (20, 21). Treatable mortality
is part of the concept of avoidable mortality that is based on
the idea that, with current medical knowledge and technology,
certain deaths could be averted, in particular through effective
interventions in health systems (prevention and treatment). This
means that overall mortality would not reach such a level if
effective prevention and adequate health care were provided
(22). It follows that treatable mortality, as part of avoidable
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mortality, is linked to the financing of health care. This fact
was proved by Heijink et al. (23), who confirmed a statistically
significant negative association between avoidable mortality and
health expenditure using fixed-estimate regression models. The
authors emphasized that most countries with above-average
growth in health expenditure reported above-average decline in
avoidable mortality. Reduction of treatable mortality is desirable,
as treatable mortality represents an economic burden. According
to Alkire et al. (24), the unfoundedness of these deaths brings
economic losses in the form of a decline in countries’ GDP.

The above-mentioned facts underline the importance of
examining the associations between treatable mortality and
economic outcomes. As could be seen, the link between health
and economic life has been often examined in one dimension,
while this study applies multilevel research, first the association
between health care financing and treatable mortality, and
then the association between treatable mortality and economic
prosperity. Health policy makers should know how health care
financing can be reflected in economic prosperity through
population health represented by treatable mortality. The novelty
of the presented study also lies in the international comparison
of OECD countries classified according to their applied health
system. In addition to the classification according to health
systems, the study respects gender differentiation in treatable
mortality from circulatory system diseases and endocrine,
nutritional and metabolic diseases. This allows a deeper insight
into the issue.

METHODOLOGY

Research Aim and Questions
The main aim of the study was to examine the associations
between health care financing, specific treatable mortality of
males and females of working age, and economic prosperity,
taking into account to the classification of health systems applied
in OECD countries. Based on this aim, the following research
questions were formulated:

RQ1: Are there significant associations between health care
financing and selected diseases as a cause of treatable mortality
for males and females of working age in OECD countries that
apply a tax-based health system?

RQ2: Are there significant associations between health care
financing and selected diseases as a cause of treatable mortality
for males and females of working age in OECD countries that
apply an insurance-based health system?

RQ3: Are there significant associations between selected
diseases as a cause of treatable for males and females of working
age and economic prosperity in OECD countries that apply a
tax-based health system?

RQ4: Are there significant associations between selected
diseases as a cause of treatable mortality for males and females
of working age and economic prosperity in OECD countries that
apply an insurance-based health system?

Research Data
For the purposes of this research, data were collected from
available OECD (25, 26) andWorld Health Organization (WHO)

(27) databases. These data were collected for all available years,
with the oldest data from 1994 and the most recent data from
2016. In this sense, it is possible to define the analyzed period
from 1994 to 2016. The variables analyzed in this research can be
divided into two groups according to their nature:

• Economic variables – health care financing, economic
prosperity of countries represented by their GDP,

• Health variables – treatable mortality of males and females
with a closer look at diseases of the circulatory system and
endocrine, nutritional and metabolic diseases.

The financing of health care represented total health expenditure
as a percentage of countries’ GDP. Health expenditure expressed
the final consumption of health products and services, including
personal health care (medical care, rehabilitation care, long-
term care, ancillary services, and medical goods/materials) and
collective services (prevention, public health services, health
administration) (26).

Economic prosperity covered the GDP of countries, which is a
standardmeasure of the added value generated in a country. GDP
is considered to be one of the most important outcome indicators
that capture countries’ economic activity. This indicator was
based on GDP expressed in dollars and converted per capita (in
current PPP prices) (25).

Health variables included mortality from treatable diseases in
males and females, specifically circulatory system diseases and
endocrine, nutritional and metabolic diseases. These diagnosis
groups were selected on the basis that they mainly include non-
communicable diseases, which tend to be long-lasting. Treatable
mortality is mortality from causes that can be avoided in
particular by early and effective interventions in health care,
including secondary prevention and treatment (after the onset
of diseases to reduce mortality from treatable causes) (28).
The calculation of the treatable mortality rate was based on
the sum of standardized mortality for specific causes and data
were collected from the WHO database (27). As indicated
above, the research covered two diagnosis groups of treatable
diseases with regard to the OECD and Eurostat list (28).
Each group consisted of specific treatable diseases identified
by the 10th version of the International Classification of
Diseases (ICD-10):

• Circulatory system diseases: I01–I26, I60–I71, I73, I80, I82,
• Endocrine, nutritional and metabolic diseases: E00–E14, E24–

E25, E27, E74.

Numbers of deaths from these treatable causes were collected
across countries for all available years for which countries
reported a value (including zero). Data were available for
various age categories separately for males and females. The
data collected on treatable deaths were recalculated per 100,000
inhabitants of a given country in a specific gender and age
category (i.e., per 100,000 males aged 25–64 years in a given
country and per 100,000 females aged 25–64 years in a given
country). This step was preceded by the collection of population
data in this specific gender and age category for each country
and each analyzed year, when individual treatable deaths were
reported. Population data were provided from the United
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Nations database as part of their report “World Urbanization
Prospects” (29).

From a macroeconomic point of view, productivity is the
connecting element of all analyzed variables and the associations
between them. The selected indicators present the level of health
care financing in countries as a percentage of their productivity
(GDP), the treatable mortality of the working age population
and the level of economic productivity (GDP) as such. The age
category was selected on the basis of several studies examining
the age and productivity of the population (30–32), but it is also
generally assumed that people enter the labor market from the
moment of graduation and leave it at retirement age. At the same
time, the age of 25 is a period of life in which individuals are
likely to have found a targeted job or have already established
themselves in the labor market, even if they have not graduated
from university.

Research Subjects
The research sample consisted of countries that have developed
a health system for the provision of primary and specialized
(secondary and tertiary) health care. Thus, 37 OECD countries
were included in the analytical process. The classification of
OECD countries in terms of applied health systemwas performed
on the basis of data from surveys of health systems characteristics
in OECD countries (33, 34), on the basis of data from country
health profiles (35, 36), as well as on the basis of data provided on
the websites of the Ministry of Health of each country included
in the research. It should also be noted that Latvia replaced
the principle of health care financing from an insurance-based
system to a tax-based system in 2011 and therefore only the
most recent data were taken into account. The classification of
countries was as follows:

• Tax-based health system: Australia (AU), Canada (CA),
Denmark (DK), Finland (FI), Iceland (IS), Ireland (IE), Italy
(IT), Latvia (LV), Norway (NO), New Zealand (NZ), Portugal
(PT), Spain (ES), Sweden (SE), the United Kingdom (GB);

• Insurance-based health system: Austria (AT), Belgium (BE),
Chile (CL), Colombia (CO), the Czech Republic (CZ), Estonia
(EE), France (FR), Germany (DE), Greece (GR), Hungary
(HU), Israel (IL), Japan (JP), Korea (KR), Lithuania (LT),
Luxembourg (LU), Mexico (MX), the Netherlands (NL),
Poland (PL), Slovakia (SK), Slovenia (SI), Switzerland (CH),
Turkey (TR), the United States (US).

Based on this classification of countries, it can be seen that a tax-
based health system was applied by a total of 14 countries and an
insurance-based health system was applied by 23 countries.

Statistical Analysis
The assessment of the collected data was performed in the first
step of the statistical processing through a descriptive analysis,
which provided a closer look at the economic and health
outcomes in OECD countries. In this context, central tendency
measures (arithmetic mean, median), variability measure
(standard deviation), quartiles, minimum and maximum,
as well as position measures (skewness and kurtosis) were
used in this analysis. It was the position measures in most

of the cases that indicated a possible disruption of the
normal distribution of data. Hair et al. (37) declare that
values of skewness and kurtosis in the range of −1 to +1 are
indicators of normal distribution, but most cases in this study
exceeded this range. The structure of the data indicated a
disruption of the normal distribution as well as the presence
of outliers.

Regression analysis was used to evaluate the significance of the
associations between health care financing, treatable mortality
in selected diagnosis groups, and the economic prosperity of
countries. Robust methods were used to estimate the coefficients,
specifically models with random or fixed effects in one-way
(individual) or two-ways variants. The regression analysis was
preceded by panel diagnostics to select appropriate regression
models using the F test for the presence of individual effects (or
time effects) and the Hausman test. The one-way variant was
supported if a statistically significant effect was demonstrated
only within countries or only within years, then the effect was
taken into account in the corresponding model. As pointed
out in the following section, if there was only one significant
effect in the data structure, it was the country structure, not
the time structure. Thus, the one-way variant of the models
always took into account the effects identified in the country
structure. On the contrary, the two-ways variant was supported
if a statistically significant effect was demonstrated both within
countries and within years (time effect), and these effects
were taken into account in the relevant models. Subsequent
decision-making processes led to a preference for a model with
random or fixed effects, and Hausman’s test statistics helped
with this choice. If the result of the Hausman test confirmed
the significance at the level α < 0.05, the preference was in
favor of choosing a model with fixed effects (the null hypothesis
was rejected). Otherwise (α > 0.05), the choice was focused
on a model with random effects (the null hypothesis was
not rejected).

The HC3 estimator was used to estimate the regression
coefficients, with respect to the data showing outliers and
heteroscedasticity. The Arellano estimation method (38) for
fixed effect models and the White 2 estimation method for
random effects models were used to assess the significance of
the coefficients. Finally, the associations were examined in four
variants of regression models with a preference for one of them
(based on the above panel assumptions): “One-way (individual)
effect Fixed effect model” (Arellano), “One-way (individual)
effect Random effectmodel” (White 2), “Two-ways effectsWithin
(fixed) effect model” (Arellano), “Two-ways effects Random
effect model” (White 2).

In the last third step of the statistical processing, a cluster
analysis of the links between economic outcomes and treatable
mortality outcomes was performed in the specification of gender
and health systems. The number of clusters was supported by
the result of the silhouette method (39), while the Partitioning
Around Medoids (PAM) method based on the Manhattan
distance was used to determine the clusters (40). The output of
this analysis offered a classification of countries.

The analytical processing was performed in the programming
language R v 4.1.1 (RStudio, Inc., Boston, MA, USA).
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TABLE 1 | Descriptive statistic of economic and health variables classified by health systems and gender (1994–2016).

N Miss Mean Median St Dev Skew Kurt Min Max 1st Q 3rd Q

Tax-based health system

HF 216 0 8.68 8.69 1.07 −0.25 0.55 5.4 10.98 8.02 9.32

GDP 216 0 35,565.1 34,198.6 9,402.5 0.8 0.78 19,887.8 66,956.3 28,704.9 41,523.5

CRC–M 216 0 74.44 65.73 37.99 3.38 14.77 27.25 289.23 53.53 81.91

CRC–F 216 0 25.32 22.9 12.04 3.21 14.87 3.67 99.1 18.17 29.40

END–M 216 0 6.59 6.3 3.02 0.44 −0.33 <0.01 14.79 4.08 8.84

END–F 216 0 3.38 3.22 1.65 0.46 −0.20 <0.01 7.66 2.24 4.35

Insurance-based health system

HF 389 17 7.82 7.15 2.45 1.16 1.76 3.35 16.71 6.08 9.55

GDP 406 0 28,591.4 26,585.6 16,312.2 1.51 3.63 6,554.6 103,788 16,451.5 35,896.2

CRC–M 406 0 110.53 71.74 79.8 1.37 0.78 29.26 386.57 60.34 149.84

CRC–F 406 0 41.35 33.51 26.97 1.3 1.17 7.69 141.41 21.77 50.66

END–M 406 0 10.61 7.77 11.49 3.96 15.84 1.55 71.31 5.72 10.8

END–F 406 0 7.12 4.33 10.33 3.96 15.18 0.66 56.4 2.77 7.44

HF, Health care financing in % of GDP; GDP, Gross domestic product per capita; F, Females; M, Males, CRC, Treatable mortality from circulatory system diseases per 100,000

males/females aged 25–64 years; END, Treatable mortality from endocrine, nutritional and metabolic diseases per 100,000 males/females aged 25–64 years; N, number of observations,

Miss, Missing values; St Dev, Standard deviation; Skew, Skewness; Kurt, Kurtosis; Min, Minimum; Max, Maximum; 1st Q, First quartile; 3rd Q, Third quartile.

RESULTS

Descriptive Statistic—Univariate View
This section focuses on the statistical description of variables to
provide a closer look at economic and health outcomes across
OECD countries.

Based on the results in Table 1, the economic variables can
be interpreted as follows. In countries with a tax-based health
system, health care financing averaged 8.68% of GDP during the
analyzed period, with a minimum of 5.4% (Latvia in 2013) and a
maximum of 10.98% (Sweden in 2014). Health care financing in
countries with an insurance-based health system averaged 7.82%
of GDP, with a minimum of 3.35% of GDP (Korea in 1995) and
a maximum of 16.71% of GDP (the United States in 2015). Thus,
it is clear that countries with an insurance-based health system
financed health care at a lower level than countries with a tax-
based health system. Countries with an insurance-based health
system also showed lower economic prosperity, as evidenced by a
mean of 28,591.4 USD per capita compared to a mean of 35,565.1
USD per capita in countries with a tax-based health system.

With a focus on health variables, the results revealed the
following facts. In both types of health system, males of
working age were characterized by considerably higher rates
of treatable mortality from circulatory system diseases, as well
as endocrine, nutritional and metabolic diseases. Treatable
mortality from circulatory system diseases dominated over
mortality from endocrine, nutritional and metabolic diseases.
Regarding circulatory system diseases, in countries with a tax-
based health system, the results indicated that males annually
achieved an average of 49.12 more deaths (per 100,000 males of
working age) than females (per 100,000 females of the same age
category). In countries with an insurance-based health system,
this inequality represented an average of 69.18 more deaths at
the expense of males. Based on the mean values, it was also clear
that countries with an insurance-based health system reported

higher mortality rates than countries which applied a tax-based
health system.

Assessing the Associations Between
Health Care Financing, Treatable Mortality,
and Economic Prosperity—Bivariate and
Multivariate View
This subsection aims to assess the significance of the examined
associations between health care financing, treatable mortality
in individual diagnosis groups, and the economic prosperity of
countries in gender differentiation of the working age population,
as well as in the specification of health systems.

The use of specific panel regression models was preceded
by testing the assumptions. The balance statistics of panel
regression models in the analyzed cases leaned more toward
a balanced model. This was supported by the following values
of gamma (γ ) and nu (ν), and it is true that the closer their
value is to 1, the more the panel appears to be balanced. For
countries with a tax-based health system, both diagnosis groups
acquired γ = 0.8463299 and ν = 0.9060825 when examining all
the associations. For countries with an insurance-based health
system, these were γ = 0.7470208 and ν = 0.9352060 when
examining the associations between health care financing and
treatable mortality due to given causes, and γ = 0.7376557 and ν

= 0.9380606 when examining the associations between treatable
mortality and economic prosperity. The presented coefficients of
determination (R2) provide only an informative value and it is
not necessary to consider them in terms of model strength, as
the low value is given by a relatively low number of observations
due to the classification of the panel data structure, i.e., within
diagnosis groups, gender and health system specification.

After regression analysis, a cluster analysis was performed in
each diagnosis group in the classification according to gender
and health system. In the first place, the data in the individual
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TABLE 2 | Testing of assumptions for the selection of regression models in the diagnosis group of circulatory system diseases.

F Test–countries F Test–years Hausman Test Model

(p) (p) (p)

Tax-based health system

Males HF→ CRC 162.988 (<0.001) 0.678 (0.858) 10.655 (0.001) One-way fixed

CRC→ GDP 68.552 (<0.001) 5.474 (<0.001) 81.097 (<0.001) Two-ways fixed

Females HF→ CRC 98.413 (<0.001) 0.608 (0.915) 12.705 (<0.001) One-way fixed

CRC→ GDP 39.985 (<0.001) 5.192 (<0.001) 56.078 (<0.001) Two-ways fixed

Insurance-based health system

Males HF→ CRC 196.484 (<0.001) 0.532 (0.961) 2.699 (0.100) One-way random

CRC→ GDP 92.320 (<0.001) 2.734 (<0.001) 6.931 (0.008) Two-ways fixed

Females HF→ CRC 114.004 (<0.001) 1.082 (0.364) 5.085 (0.024) One-way fixed

CRC→ GDP 89.978 (<0.001) 1.948 (0.007) 2.562 (0.109) Two-ways random

HF, Health care financing in % of GDP; CRC, Treatable mortality from circulatory system diseases per 100,000 males/females aged 25–64 years; GDP, Gross domestic product per capita.

diagnosis groups were averaged over the analyzed period in each
country separately for males and females. The same step was
taken in economic indicators, and thus health care financing and
economic prosperity (GDP) were first averaged separately in each
country for the analyzed period, but gender differentiation was
not applied. In the next step, these health and economic outcomes
were standardized in the range of 0–1, with a value of 0 indicating
the least positive result and a value of 1 indicating the most
positive result. In the case of economic indicators, the data were
again averaged to create one economic outcome per country. This
process created two variables assessing economic indicators and
indicators of treatable mortality in individual countries, which
were included in the cluster analysis.

Treatable Mortality From Circulatory
System Diseases
This part of the analytical processing is devoted to the evaluation
of the investigated associations and their significance in the
diagnosis group of circulatory system diseases (CRC). The results
of testing the assumptions for the preference of the regression
model are shown in Table 2.

From the results in Table 2, it is clear that a one-way fixed
effects model and its results were recommended to be taken
into account when assessing the significance of most associations
between health care financing and treatable mortality due to
circulatory system diseases (HF→CRC). The choice of this model
was supported by the results of F tests, which revealed significant
effects in the data structure only within the countries that needed
to be respected in a one-way variant of the model. At the same
time, in these cases, the results of the Hausman test with a
p < 0.05 testified in favor of a model with fixed effects. An
exception was the case in the male population of countries with
an insurance-based health system, in which a one-way model
was preferred but with random effects, as the result of the
Hausman test was not significant. In most cases, a two-ways
fixed effects model was recommended to assess the significance
of the associations between treatable mortality due to circulatory
system diseases and economic prosperity (CRC→GDP). The
results of F tests, where appropriate, showed effects in the data

structure in terms of countries and years, and the results of the
Hausman test favored a model with fixed effects (p < 0.05).
An exception could be observed in the female population in
countries with an insurance-based health system, in which the
preference leaned toward a two-ways model with random effects.

Table 3 presents the results of the evaluation of associations
in the diagnosis group of circulatory system diseases, based on
which it can be concluded that health care financing appeared
to be a significant factor in treatable mortality from circulatory
system diseases in males and females aged 25–64 years in both
systems. The association with statistical significance at the level of
α < 0.001 was confirmed in all analyzed cases in terms of gender
and health systems. Simultaneously, negative values for the β

coefficient were identified in all cases, indicating that a higher
rate of health care financing was associated with a reduction in
treatable mortality due to circulatory system diseases and vice
versa.When comparing health systems, more pronounced results
can be observed in countries with an insurance-based health
system, while in a gender comparison, more pronounced results
could be observed in the male population.

With a focus on the associations between treatable mortality
from circulatory system diseases and economic prosperity, it
is clear that a significance (α < 0.001) was revealed in the
female population of countries with an insurance-based health
system, when the result of the two-ways random effects model
was taken into account. It is also evident that no significant
associations were observed in the other cases when considering
panel two-ways models with fixed effects. The choice of two-
ways variants should be considered correct, but there was room
to accept the results of a two-ways model with random effects.
This model still appeared to be effective, although it may not be
consistent as a model with fixed effects. Therefore, the results of
this model could be supported with some caution, which also
suggested a limitation of the research. On the other hand, the
value of the determination coefficients indicated the possibility
to lean toward the two-ways model with random effects. From
the results of the two-ways random effects model, it was evident
that treatable mortality from circulatory system diseases was
negatively associated with economic prosperity. In this way, an
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TABLE 3 | Regression analysis—associations between health care financing, treatable mortality from circulatory system diseases and economic prosperity.

One-way random

effects model

One-way fixed

effects model

Two-ways random

effects model

Two-ways fixed

effects model

Tax-based health system

Males HF→ CRC R2 0.544 0.550 0.338 0.044

α 188.90*** 145.05**

β −12.34*** −12.02*** −6.88 −2.15**

CRC→ GDP R2 0.592 0.755 0.213 0.009

α 63668.55*** 46501.71***

β −350.60*** −463.12*** −163.70*** −43.30

Females HF→ CRC R2 0.469 0.459 0.284 0.006

α 64.73*** 49.32***

β −4.27*** −4.13*** −2.36 −0.39

CRC→ GDP R2 0.518 0.642 0.242 0.001

α 59125.19*** 42168.98***

β −873.74*** −1134.75*** −338.81*** 12.64

Insurance-based health system

Males HF→ CRC R2 0.202 0.208 0.099 0.027

α 208.41*** 196.82***

β −13.10*** −13.29*** −11.55*** 5.22

CRC→ GDP R2 0.376 0.392 0.208 0.003

α 47884.35*** 31938.93***

β −178.95*** −187.81*** −43.20*** −9.40

Females HF→ CRC R2 0.230 0.241 0.109 0.038

α 85.60*** 80.36***

β −5.97*** −6.19*** −5.26*** 2.43*

CRC→ GDP R2 0.434 0.442 0.289 0.001

α 46299.33*** 33180.44***

β −442.63*** −450.02*** −141.75*** −5.03

***p < 0.001; **p < 0.01; *p < 0.05.

The accepted significant results are highlighted in bold.

increase in GDP was associated with a reduction in treatable
mortality from circulatory system diseases and vice versa. These
inverse associations with a significance at the level of α < 0.001
were revealed in both health systems and both gender categories
of the population.

The cluster maps shown in Figures 1, 2 provided a grouping
of countries based on an assessment of treatable mortality
from circulatory system diseases and economic outcomes (a
variable combining health care financing and the economic
prosperity of countries). Figures 1, 2 also show that the silhouette
method recommended two clusters to form organized groups
in both health systems and in both gender categories. With a
focus on countries with a tax-based health system (Figure 1),
cluster 1, which could be considered the most positive in
terms of assessment, included all countries except Latvia. This
country acquired the least positive assessment of economic
and health outcomes in the male and female population,
indicating an undesirable position in the lower left margin.
Regarding countries with an insurance-based health system
(Figure 2), the countries in cluster 1 could be considered as
the countries with the most positive outcomes. These countries
were characterized by lower treatable mortality and higher

economic conditions. The positive outcomes were dominated
by countries such as Switzerland, Luxembourg and France. On
the other hand, countries such as Lithuania, Hungary, Estonia,
and Slovakia in cluster 2 could be considered the least positive.
These countries reported higher treatable mortality and lower
economic outcomes.

Treatable Mortality From Endocrine,
Nutritional, and Metabolic Diseases
The evaluation of individual associations and their significance
in the diagnosis group of endocrine, nutritional and metabolic
diseases (END) is presented in this part of the analytical process.
Also in this diagnosis group, a panel diagnostic for model
selection was first performed and its results are presented in
Table 4.

Based on the results in Table 4, it is possible to state
that a one-way random effects model should be preferred to
assess the significance of most associations between health care
financing and treatable mortality due to endocrine, nutritional
and metabolic diseases (HF→ END). Specifically, this model was
recommended in the case of the male population in countries
with a tax-based health system, as well as in the case of both
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FIGURE 1 | Cluster map—economic outcomes and treatable mortality from circulatory system diseases for countries applying a tax-based health system—females

(F) and males (M).

FIGURE 2 | Cluster map—economic outcomes and treatable mortality from circulatory system diseases for countries applying an insurance-based health

system—females (F) and males (M).

gender categories in countries with an insurance-based health
system. The preference for this variant of the panel regression
model was based on the results of F tests indicating significant
effects in the data structure only within countries and on the
results of the Hausman test with a p > 0.05 recommending a

model with random effects. Conversely, a one-way model with
fixed effects was preferred in the case of the female population
of countries with a tax-based health system, as the results of the
Hausman test showed a p < 0.05. In terms of the associations
between treatable mortality due to endocrine, nutritional and
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TABLE 4 | Testing of assumptions for the selection of regression models in the diagnosis group of endocrine, nutritional and metabolic diseases.

F Test–countries F Test–years Hausman Test Model

(p) (p) (p)

Tax-based health system

Males HF→ END 126.372 (<0.001) 0.372 (0.996) 1.638 (0.201) One-way random

END→ GDP 9.627 (<0.001) 5.995 (<0.001) 0.459 (0.498) Two-ways random

Females HF→ END 92.657 (<0.001) 0.527 (0.961) 4.054 (0.044) One-way fixed

END→ GDP 10.486 (<0.001) 5.705 (<0.001) 11.149 (0.001) Two-ways fixed

Insurance-based health system

Males HF→ END 416.679 (<0.001) 0.198 (1.000) 0.073 (0.786) One-way random

END→ GDP 61.336 (<0.001) 4.260 (<0.001) 0.016 (0.901) Two-ways random

Females HF→ END 1240.726 (<0.001) 0.194 (1.000) 0.011 (0.916) One-way random

END→ GDP 74.341 (<0.001) 4.073 (<0.001) 5.949 (0.015) Two-ways fixed

HF, Health care financing in % of GDP; END, Treatable mortality from endocrine, nutritional and metabolic diseases per 100,000 males/females aged 25–64 years; GDP, Gross domestic

product per capita.

TABLE 5 | Regression analysis—associations between health care financing, treatable mortality from endocrine, nutritional and metabolic diseases and economic

prosperity.

One-way random

effects model

One-way fixed

effects model

Two-ways random

effects model

Two-ways fixed

effects model

Tax-based health system

Males HF→ END R2 0.039 0.020 0.002 0.003

α 8.27*** 7.74***

β −0.18* −0.17 × −0.12 −0.09

END→ GDP R2 0.045 0.023 0.063 0.024

α 42293.70*** 34656.26***

β −1103.40** −1098.04 −447.19* −432.86

Females HF→ END R2 0.146 0.127 0.021 0.001

α 6.00*** 5.35***

β −0.28*** −0.28*** −0.21 × 0.02

END→ GDP R2 0.167 0.160 0.166 0.019

α 7942.43*** 32271.36***

β −3704.73*** −4379.47*** −117.62 573.28

Insurance-based health system

Males HF→ END R2 0.011 0.010 0.039 0.015

α 12.83*** 12.83***

β −0.29* −0.28 −0.29 −0.53

END→ GDP R2 0.017 0.008 0.072 0.022

α 31839.40*** 29072.91***

β −306.32* −281.49 −215.14*** −203.86

Females HF→ END R2 0.106 0.109 0.049 0.001

α 11.11*** 11.11***

β −0.52*** −0.51* −0.52* −0.02

END→ GDP R2 0.106 0.169 0.095 0.010

α 39280.76*** 29254.50***

β −1499.83*** −2348.16* −337.15*** −265.73

***p < 0.001; **p < 0.01; * p < 0.05; × p < 0.1.

The accepted significant results are highlighted in bold.

metabolic diseases, and economic prosperity (END→ GDP), a
two-ways variant of the model was preferred, as the results of
F tests revealed significant effects in the data structure across

countries and years. The results of the Hausman test with a p >

0.05 supported the choice of a model with random effects in the
male population in both health systems, and the results with a p
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< 0.05 were in favor of a model with fixed effects in the female
population in both health systems. The main results of the panel
regression models are shown in Table 5.

The results in Table 5 point to the fact that even in the
diagnosis group of endocrine, nutritional and metabolic diseases,
health care financing played an important role in both health
systems. Proof of this is the statistical significance of associations
in both male and female populations. It can also be noted
that in both health systems, a greater strength of associations
with significance at the level of α < 0.001 was identified
in the female population. In terms of the male population,
associations with less strength and statistical significance at
the level of α < 0.05 were found in both health systems.
Based on the negative β coefficients, an increase in health
care financing was associated with a reduction in treatable
mortality in this diagnosis group. When comparing the systems,
it can be seen that the financing of health care was a
more significant aspect in countries with an insurance-based
health system.

Focusing on the associations between treatable mortality from
endocrine, nutritional and metabolic diseases and economic
prosperity, a significant negative association was found in the
male population in both health systems. For this diagnosis group,
a reduction in the treatable mortality in males of working age was
associated with an increase in GDP. A different situation could be
observed in the female population in both health systems, as no
significant association was confirmed by the preferred two-ways
model with fixed effects. As in the previous diagnosis group,
there was a room for cautious acceptance of the results of the
two-ways random effects model, which revealed a significant

negative association in the female population of countries with
an insurance-based model. This could be considered a limitation.

As in the previous diagnosis group, Figures 3, 4 show the
cluster maps that provide grouping of countries based on an
assessment of treatable mortality from endocrine, nutritional
and metabolic diseases and economic outcomes (a variable
combining health care financing and economic prosperity of
countries). The silhouette method recommended two clusters
to form organized groups of countries with a tax-based health
system in both gender categories, while three clusters were
recommended for countries with an insurance-based system
and for both gender categories. In countries with a tax-based
health system (Figure 3), a similar situation could be observed
as in the previous diagnosis group. Thus, cluster 1 included
all countries except Latvia with the least positive outcomes.
However, the countries in cluster 1 were not as homogeneous as
in the previous diagnosis group. At this point, it is possible to pay
increased attention to countries such as Denmark, New Zealand,
Canada and Portugal, which acquired less positive assessment of
health outcomes compared with other countries in this cluster,
i.e., higher treatable mortality from endocrine and metabolic
diseases. Focusing on countries with an insurance-based health
system (Figure 4), Mexico acquired the least positive assessment
of economic and health outcomes in the male and female
population, indicating an undesirable position in the lower left
margin. This country can be considered as a remote country
among other countries due to its high level of treatable mortality
recorded in this diagnosis group. Consequently, the countries
with less positive outcomes included Colombia and Turkey.
Attention can also be drawn to the United States, which showed

FIGURE 3 | Cluster map—economic outcomes and treatable mortality from endocrine, nutritional and metabolic diseases for countries applying a tax-based health

system—females (F) and males (M).
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FIGURE 4 | Cluster map—economic outcomes and treatable mortality from endocrine, nutritional and metabolic diseases for countries applying an insurance-based

health system—females (F) and males (M).

high economic outcomes, but despite its level, the country
recorded a high treatable mortality rate.

DISCUSSION

Insight Into Treatable Mortality in OECD
Countries
By comparing the examined diagnosis groups, the presented
study and its results showed that diseases of the circulatory
system contributed to a greater extent to treatable mortality
in OECD countries with a tax-based health system and an
insurance-based system. These findings are consistent with the
results of Jarčuška et al. (41), as well as the results of the
WHO survey (42) on the leading causes of deaths from a global
perspective. The survey showed that ischemic heart diseases and
strokes, belonging to the diagnosis group of circulatory system
diseases, occupy the first ranks in a negative sense. At the same
time, Dagenais et al. (43) confirmed that cardiovascular mortality
is the largest health burden in low-, middle- and high-income
countries. A positive signal is the declining trend in treatable
mortality (44–46), while Weber and Clerc (47) attributed this
trend mainly to a reduction in mortality from diseases of the
circulatory system.

In terms of gender, the results clearly showed that males
were characterized by a higher average mortality than females
in the examined diagnosis groups of treatable mortality. These
findings are consistent with the findings of other studies that
confirmed a higher mortality rate for males, reflecting the fact
that females live longer (48–50). In this regard, Le et al. (51)
revealed that it is the higher male mortality from diseases of
the circulatory and respiratory systems that appears to be the

main contributing factor to this gender gap. Gender differences
in avoidable mortality were also revealed by Westerling (52)
and Sundmacher (53), while the results clearly showed that
males are higher risk of deaths due to treatable and preventable
diseases than females (54, 55). This study on treatable mortality is
consistent with previous findings. The problem should take into
account biological differences between males and females, while
genetic factors, immune system responses, hormonal activity or
the course of diseases that can lead to such differences (48). It
is also important to realize that males have different patterns of
health behavior, which are manifested in a reluctance to seek
medical treatment, a reluctance to adhere to treatment, and a lack
of reporting of their health problems (48). All of these factors can
be critical to treatable deaths and should be taken into account
in health care provision and strategy development. This can be
an important impetus for leaders of health systems, which strive
to improve the health of the population, reduce inequalities and
ensure quality health care. According to the results, monitoring
the health status of males appears to be justified.

In addition to gender differences, cluster maps also indicated
differences between individual OECD countries. Similar findings
were revealed by Weber and Clerc (47), who pointed to large
differences in treatable mortality between European countries at
the international level, but also at their regional level. Focusing
on the individual indicators of treatable mortality in both
examined systems, it can be concluded that countries applying
an insurance-based health system were characterized by less
positive health outcomes than countries applying a tax-based
health system. These findings differ from those of van der
Zee and Kroneman (16), who considered an insurance-based
health system to be a more positive system. On the other
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hand, these authors took into account overall mortality, life
expectancy, and patient satisfaction in their research. In the
presented study, countries with an insurance-based health system
were characterized by a higher rate of treatable mortality in both
diagnosis groups. The results of a descriptive analysis of health
care financing pointed to the fact that countries applying an
insurance-based health system spend less on health care than
countries applying a tax-based health system. Already at this
point, it was possible to see a certain link between health care
financing and treatable mortality.

The Role of Health Care Financing in
Treatable Mortality
In both diagnosis groups, health care financing has been shown
to play an important role in the treatable mortality of both
males and females in both systems. The regression analysis
revealed a significant negative association between health care
financing and treatable mortality in each analyzed case, with
greater strength of the associations observed in countries with
an insurance-based health system. Also, a greater strength of
the significant association was identified for diagnosis group
of circulatory system diseases. These findings indicated that an
increase in health expenditure may be associated with a reduction
in treatable mortality of females and males of working age in
both diagnosis groups. The results of the regression analysis
also indicated that the associations were greater in the male
population than in the female population. Despite the findings of
several authors suggesting that health care financing is not such
an important aspect in population health (13, 14), the findings
of this study support the idea that a level of health expenditure
is associated with treatable mortality in each of the examined
health systems. Under ceteris paribus conditions, a higher level
of health expenditure may be reflected in reduced treatable
mortality. These findings are consistent with the findings of
studies examining commonly used health indicators that involve
more or less the strength of other factors (7–9). These were
overall mortality, infant mortality, morbidity of the population
or life expectancy, which also include social and economic factors
affecting the health of the population (3, 10, 11). In terms of
overall mortality, many studies confirmed the significant impact
of health expenditure (56, 57), but treatable mortality is a specific
health indicator separated from overall mortality that is able to
capture the contribution of health care. The findings in this study
are consistent with the findings of Heijink et al. (23) or Kjellstrand
et al. (58), who provided evidence that countries with a higher
level of health care expenditure report lower avoidable mortality.

The Role of Treatable Mortality in
Economic Prosperity
It should be borne in mind that treatable mortality includes
avoidable deaths that are considered unnecessary and dependent
on health care interventions and secondary prevention (21). For
this reason, there is an assumption that, in the absence of these
unnecessary deaths, people would continue to contribute to the
economic productivity of countries through their activity. In this
context, treatable mortality can represent a significant economic

burden. This assumption was also based on a study conducted by
Alkire et al. (24), whose findings revealed that the unfoundedness
of treatablemortality brings economic losses reflected in a decline
in countries’ GDP. Based on the regression analysis performed
in this study, it can be concluded that a reduction of treatable
mortality due to circulatory system diseases and endocrine and
metabolic diseases in people of working age is associated with
an increase in economic prosperity. At this point, it can be
emphasized that these are diagnosis groups that include diseases
of civilization, which is a great challenge in many countries, and
these findings underline the importance of treating individual
diseases. In the diagnosis group of endocrine and metabolic
diseases, it has been shown that reducing mortality, especially
in males of working age, could be economically beneficial in
countries applying a tax-based health system as well as an
insurance-based health system. It was also possible to speak
cautiously of a significant association in the female population
in countries with an insurance-based health system. Regarding
diseases of the circulatory system with the greatest health and
economic burden (42, 43), the results supported the assumption
that reducing mortality in this diagnosis group is associated
with increasing economic prosperity of countries. All these
findings support the idea that the financing of health care can
be reflected in the economic prosperity of countries through the
variability of population health. The presented findings are in
line with evidence that reducing population mortality improves
economic development and prosperity (17–19, 24). Thus, in
order to achieve economic benefits, emphasis needs to be placed
on reducing mortality and, among other interventions, increased
health care financing can help.

Assessment of Individual Countries
The cluster analysis offered the categorization of countries
into clusters according to the assessment of treatable mortality
outcomes and economic outcomes. In countries with a tax-
based health system, almost all countries formed a homogeneous
cluster in terms of assessing economic outcomes and treatable
mortality from circulatory system diseases. The only exception
was Latvia with the least positive outcomes among these
countries. In countries with an insurance-based health system,
higher treatable mortality from circulatory system diseases and
lower economic outcomes were found in Lithuania, Hungary,
Estonia, and Slovakia. On the contrary, Switzerland, Luxembourg
and France could be considered the most positive countries
with an insurance-based health system. With a focus on the
endocrine and metabolic treatable causes of deaths, Latvia, as
well as Denmark, New Zealand, Canada, and Portugal with
a tax-based health system have taken a position indicating
higher mortality. Mexico showed the least positive assessment
of treatable mortality from endocrine and metabolic diseases
and economic outcomes compared to other countries with an
insurance-based health system. In addition to this country,
Colombia and Turkey also reported less positive outcomes.
Special attention should also be paid to the United States, which,
despite high levels of health expenditure and GDP, has not
acquired such positive results in terms of treatable mortality as
other developedWestern countries. This could be due to the high
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cost of health care in this country. In this comparative manner,
the findings in this study are consistent with the findings of
authors such as Pritchard et al. (59), who examined this issue
in terms of specific mortality, but without taking into account
the treatability of diseases. Regarding avoidable mortality, the
findings agree with those of Kjellstrand et al. (58). The authors
of both studies considered the health system of the United States
to be the least efficient (58, 59). With a high level of health
expenditure, more positive health outcomes could be expected.
The serious situation in the United States is also underlined
by the fact that some countries reported lower expenditure
but achieved more positive health outcomes. All these findings
confirm the fact that health is a source of comparative economic
development in countries (2).

At this point, it is possible to highlight the results of the
regression analysis, which revealed that the financing of health
care represents one of the important tools for improving the
health of the population. The findings indicated that if less
positively evaluated countries in the cluster analysis increase
their level of financing for health care, this could translate into
lower treatable mortality and consequently higher economic
prosperity. This could improve their position, and therefore it is
possible to look at less positively evaluated countries as countries
with great potential and opportunities for improvement. At the
same time, other countries with a positive assessment can be an
inspiration for these countries.

Policy Implications
A look at the problem in this study suggests that health
expenditure is one of the important factors in the treatable
mortality of both males and females, which supports the need to
take this factor into account when developing strategic plans. The
financing of health care is highlighted as key aspect in universal
health coverage (24). Moreover, health care financing can be
reflected in economic prosperity through health variability in
the working age population, as treatable mortality is considered
an economic burden. Although reducing treatable mortality is
a great motivation for public health leaders to increase health
care financing, the importance for economic prosperity may be
a more compelling argument for government representatives.
The considerations and recommendations from this study can be
applied both in a tax-based health system and in an insurance-
based health system, as each system should be able to be
more efficient.

As there were clear differences in treatable mortality across
OECD countries (41, 44), policy makers should also address
the issue of closing this health gap. Differences in treatable
mortality were also evident between population groups within
one country, and in order to achieve comparable outcomes with
other countries, an internal problem needs to be addressed first
(60). It is very difficult to get closer to successful countries if
there are obvious health disparities between geographical regions
and provinces (61, 62). Each country is specific and this fact
should be taken into account when formulating health policies.
For instance, poverty is closely linked to treatable mortality
(63, 64) and in this context it should be borne in mind that
if the health system provides health care to populations with

higher poverty and other socio-economic specificities, it may
be reflected also in a greater need for financial resources in
the system (20). Treatable mortality should be interpreted both
as an indicator of health care quality and as a reflection of
the unequal distribution of socio-economic resources (65). Both
health systems examined in this study should increase efforts to
enhance treatable survival. In order to increase the effectiveness
of health systems, special emphasis should be placed on the
development of rules, standards and regulations with a view
to a more integrated and equitable implementation of health
policies and financing (66). These efforts can also be economically
beneficial, as the rate of associations between treatable mortality
and economic prosperity has not been negligible, which has also
been shown in the research of Alkire et al. (24). Thus, when
creating public policies, it is appropriate to consider all the
facts resulting from the presented study. However, it should be
emphasized that financing is not the only important factor and
other country-specific factors should be taken into account.

In view of the above-mentioned facts, international
cooperation is needed to address global challenges in terms
of treatable mortality and related economic risks. This
cooperation would strengthen the global health system by
improving collaboration and coordination across international
organizations. This effort can fill gaps in knowledge with respect
to treatable causes of death, research and development needs,
financing models, and the social and economic impacts of
potential threats. Also, this international response would provide
high-level, evidence-based recommendations for managing the
global risks associated with treatable mortality (67).

Strengths and Limitations
The study clarified the economic perspective of treatable
mortality and its strength lies in a multi-level investigation.
Thus, the study explained the associations between health
care financing and treatable mortality, and, subsequently,
the associations between treatable mortality and economic
prosperity in a comprehensive data classification, which made
it possible to avoid superficial findings. The analyzes respected
specific diagnosis groups, gender differentiation and individual
health systems and their results provided a deeper insight to
the issue. Based on multidimensional research and multilevel
classification, it was possible to answer the question of what
strength of associations exists in individual health systems,
individual diagnosis groups, and gender categories. The study
also provided a comparison of countries and contributed to
the creation of a valuable platform of evidence at national
and international level. The results of this study were able to
clarify the comprehensive view of the associations that existed
in the scientific community. Last but not least, given the low
availability of treatable mortality data in specific diagnosis groups
in individual countries, it should be emphasized that the study
contains the most up-to-date data on treatable mortality for up
to 37 OECD countries.

This research did not avoid the limitations that could be
addressed in future research. In this sense, it should be pointed
out that the findings concern only OECD countries and cannot
be generalized to less developed countries or countries with other
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health systems. The unbalanced structure of the panel data is also
a weakness of the research, but it should be noted that not every
country reported the number of specific treatable deaths each
year and the presented research covered the widest possible range
of treatable mortality in 37 OECD countries. Limitations also
include the fact that the results of a regression model other than
the recommended one were taken into account. Nevertheless,
a reliable model was chosen. Regarding the limitations of the
models, it should be noted that the models used in this study
did not examine causality as such, and therefore the results
cannot be interpreted as causal relationships. All results can
only be seen in terms of associations, while a consideration
of causal relationships can be misleading. Last but not least,
it must be emphasized that the financing of health care is
not the only factor in the health of the population. Thus,
the results should not be considered the only right pathway.
Factors such as doctors’ qualifications, their working conditions,
equipment, access to medicines, or hospital management play
an important role in treatable mortality. Future research should
address them.

CONCLUSION

This study focuses on the associations between health care
financing, specific treatable mortality of males and females of
working age, and economic prosperity in the classification of
health systems applied in OECD countries. The main aim was
met by descriptive analysis, panel regression analysis, and cluster
analysis. Based on the results, it was possible to answer the
research questions in the affirmative. The treatable mortality was
represented by two diagnosis groups, namely circulatory system
diseases and endocrine, nutritional, and metabolic diseases. In
addition to these diagnosis groups, the analyzes respected the
specification of gender and health systems, which provided a
deeper insight into the main findings. There were significant
negative associations between health care financing and treatable
mortality, as well as between treatable mortality and economic
prosperity in both health systems. The study also provides an
international comparison of OECD countries, on the basis of
which less positive and more positive countries were identified.
The main findings of the study supported the idea that the
economic life of countries is linked to the health of the
population. Healthy individuals are considered the driving force
of the economy, but sick individuals represent a potential
burden in times of disease and death. In any case, it should
be borne in mind that investing in public health can translate
into economic benefits, and therefore the financing of health
care requires special attention. This is true, although it is not
the only significant factor. Successful management of health
systems requires an individualized approach to decision-making
that takes into account proven evidence and implements it in
procedures aimed at achieving health goals. This study would

help policy makers to understand the nature of the problem from
the presented perspective and to make the right decisions given
the diversity of systems, population groups and other country
specificities. The study supports the strengthening of health
systems and offers a basis for further research and the creation
of international databases of evidence.
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Objectives: Breastfeeding support rooms are low-cost interventions that may prolong

breastfeeding and improve work performance. Thus, we sought to understand the

experiences and perceptions of working women who use breastfeeding support rooms

and the potential contribution to sustainable development goals.

Methods: Descriptive and exploratory research was conducted through convenience

sampling of women working in companies with breastfeeding support rooms in the state

of Paraná, Brazil. A semi-structured questionnaire was applied through interviews and

online self-completion.

Results: Fifty-three women between 28 and 41 years old participated in the study. In

addition, 88.7% had graduated from college, and 96% were married. From the women’s

experiences and perceptions, we identified that breastfeeding support rooms contribute

to prolonged breastfeeding, improve physical and emotional well-being, allow women

to exercise their professional activities comfortably, contribute to women’s professional

appreciation for the excellent relationship between employees and employers.

Conclusion: In this novel study, we demonstrate how, from a female point of view,

breastfeeding support rooms can contribute to 8 of the 17 sustainable development

goals and should therefore be encouraged and promoted.

Keywords: breastfeeding, breastfeeding support, breastfeeding promotion, breastfeeding policies, lactation

workplace programs, program evaluation, sustainable development, sustainable development goals

INTRODUCTION

Raising breastfeeding indicators is an international priority (1). The proven benefits to maternal
and child health are indisputable, as the practice of breastfeeding affects the lives and health of
women and children and contributes to the development of human capital (2, 3). Moreover, the
benefits extend to low, middle, and high-income countries (3).

The relationship between the promotion, protection, and support of breastfeeding and its
contribution to the achievement of several Sustainable Development Goals (SDG) is already
established, although breastfeeding is not explicitly embedded in the SDG (2, 3). The SDG
corresponds to 17 global goals defined in 2015 at the United Nations General Assembly, under
A/RES/70/1: Transforming our World: the 2030 Agenda for Sustainable Development (4, 5).
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Lack of breastfeeding support, especially in the workplace,
discourages women from maintaining breastfeeding (3, 6).
Women have been increasingly joining the workforce and the
period after the return frommaternity leave represents one of the
main challenges for continued breastfeeding (7, 8).

International measures to support breastfeeding in the
workplace advise that countries respect the minimum standards
set by the International Labor Organization (ILO) in conventions
No. 183 and No. 191 to ensure maternity and work protection,
including requiring maternity leave of at least 14 weeks and
breastfeeding breaks during the workday (9).

In Brazil, the Working Women who Breastfeed (Mulher
Trabalhadora que Amamenta–MTA) action was created in 2010
by the Ministry of Health to bring together strategies to support
breastfeeding at work. Later, in 2015, MTA was added to the
Breastfeeding and Complementary Foods axis of the National
Policy on Integral Attention to the Child’s Health (Pnaisc) (10).
MTA has three axes: (1) incentive to the optional extension of
maternity leave, which is currently 120 days, to 180 days, (2) the
right to daycare or a daycare voucher, which is mandatory for all
companies with more than 30 women above the age of 16, and (3)
the right to two breastfeeding breaks, which are mandatory for
all companies until the child is 6 months old, and the incentive
to the implement breastfeeding support rooms (BSRs), which is
optional for all companies.

The BSRs and breaks to breastfeed or pump breast milk during
the workday are low-cost measures that can reduce absenteeism,
improve employee performance, commitment, and retention,
and reduce barriers for employees who breastfeed (3).

In addition, BSRs and breastfeeding breaks in the workplace
can increase a woman’s intention to continue breastfeeding
after maternity leave (11) and may increase the chances of
breastfeeding for 6 months by 25% (3, 12). As a result, BSRs
lead to an increase in the rates of both exclusive and continued
breastfeeding (13–16) and can contribute to achieving the global
goals set by the World Health Organization and United Nations
Children’s Fund for 2030, which establish the global target of
exclusive breastfeeding for 70% of infants<6 months of age, 80%
of infants <12 months old, and 60% of infants under 2 years
old (1).

To the best of our knowledge, there are no studies
investigating BSRs from a user’s point of view, nor how BSRs
contribute to achieving goals established by the SDG for 2030.
Thus, this study aims to understand the perceptions and
experiences of female employees who use BSRs and relate these
perceptions to the potential achievement of the international
goals set for 2030 to raise breastfeeding rates and achieve the
SDG. This study is part of doctoral research that evaluated BSRs
in southern Brazil.

METHODS

Design
This is exploratory, descriptive, and qualitative research. It
was conducted between December 2019 and December 2020
but interrupted for 3 months and adjusted due to the global
COVID-19 pandemic.

TABLE 1 | Information collected from women who used Breastfeeding Support

Rooms (N = 53) Paraná, Brazil, 2019–2020.

Collected information Questions

Profile of women who

used BSRs

• How old are you?

• What is your marital status? (married, common law

marriage, single, divorced, or widowed)

• What is your highest level of education?

(incomplete/complete primary education;

incomplete/complete secondary education;

incomplete/complete undergraduate or graduate

education)

• How long have you worked for this company?

• What position do you currently hold at the

company?

• How much time do you work per week?

• Did you have 180 days of maternity leave? (Yes

or No)

Experiences and opinion

about BSRs

• How was your experience using your company’s

breastfeeding support room?

• What is your opinion about the breastfeeding

support room in companies?

Sampling
The study selected participants via convenience sampling, usual
for pilot studies, from a population of 130 female employees
who used BSRs after returning to work. In addition, we selected
female employees from eight companies in the state of Paraná,
in southern Brazil, one of the most developed regions of the
country, that implemented BSRs and whose BSR was certified by
the Ministry of Health until December 2017, which correspond
to 88.9% of companies with active BSR in the state.

All women onmaternity leave in the year before the beginning
of the study and who used the BSR in their companies were
eligible for the study. However, we excluded female employees
from companies whose BSR had not been used in the 6 months
before the start of the study.

Data Collection
The data were collected using a semi-structured questionnaire
divided into two parts: (1) the profile of the women who used
the BSR: time of employment at the company, position held,
weekly working hours; marital status (married, common law,
single, divorced, or widowed), education (incomplete/complete
primary education, incomplete/complete secondary education,
incomplete/complete undergraduate, or graduate education),
age, and whether they had a 180-day maternity leave (yes/no),
and (2) open questions about their experiences with BSRs: what it
was like to use them and their opinion of BSRs in the companies,
as seen in Table 1.

The study began with the application of the questionnaire
through in-person interviews conducted within company BSRs.
However, at the beginning of the data collection stage, due
to the COVID-19 pandemic, we decided to interrupt the
research and reflect on alternative approaches. Therefore, we
requested the Ethics Committee to include data collected
through online self-completion questionnaires (Google Forms),
including a consent form. The companies participating in
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the study sent invitations to their female employees, both
for the interviews, announcing the date and time that the
researcher (first author) would be conducting the interviews
and the online self-completion questionnaire submitted within
60 days. The in-person interviews were audio-recorded and
transcribed word-for-word. The answers obtained through the
online questionnaire were used precisely as they were recorded
in the answer sheet.

Data Analysis
The Statistic 10.0 (StatsoftR) program was used for the sample
description, and the variables studied were expressed in absolute
and relative frequencies.

Qualitative analysis was carried out by the thematic
categorical content analysis, following three steps (17): (1)
material organization, (2) coding, and (3) result interpretation.
From the categories or themes found, we deductively sought to
identify their relationship with the SDG. The data were analyzed
using the Atlas.ti version 9.0 software (18), which contributed to
the data management.

For this study, the criteria proposed by the Journal Article
Reporting Standards [American Psychological Association (19)]
for qualitative research were respected.

RESULTS

Sample Characteristics
The study included 53 women, 40.8% of BSR users in Paraná.
Of these, 8 (15%) female workers participated by semi-
structured interview, and 45 (85%) answered an online self-
completion questionnaire.

All-female employees included in this study were between
28 and 41 years old. Thirty (72%) women were between 31
and 40 years old, 47 (88.7%) had graduated college, 51 (96%)
were married or living in a common-law marriage. Eleven (21%)
women have worked for their company from 1 to 5 years and 42
(79%) for 6 years or more. Most of the participants, 43 (81%),
had a 40–44 h weekly workday. The types of positions held by the
female employees are available in Table 2. In addition, all women
(100%) had 180 days of maternity leave.

Experiences With BSR Use
We consider that all the experiences with BSRs were positive.
From the participating reports, we identified that the experience
categories are related to the fact that the BSRs: (1) allows for
breastfeeding continuity, (2) contributes to the bonding and well-
being of the child, (3) provides comfort and emotional well-being
for the woman, (4) provides comfort and physical well-being for
the woman, (5) is related to the adequate, quiet place with all the
necessary infrastructure for breastfeeding, and (6) allows women
to donate breast milk to a milk bank, as seen in Table 3.

However, we identified some difficulties regarding room
usage, although they were not indicated as negative by women,
such as: (1) distance from the rooms to the workplace, and (2)
need to stop using the rooms due to the child’s age (Table 3).

TABLE 2 | Positions occupied by women who used breastfeeding support rooms

(n = 53), Brazil, 2019–2020.

Categories-N (%) Types of positions N (%)

Administrative-24 (45.2%) Assistants 2 (3.77%)

Technicians 6 (11.32%)

Analysts 12 (22.64%)

Consultants 2 (3.77%)

Specialists 2 (3.77%)

Management-6 (11.3%) Managers 4 (7.54%)

Coordinators 2 (3.77%)

Health-related-5 (9.5%) Nurses 3 (5.66%)

Nutritionists 1 (1.88%)

Biologists 1 (1.88%)

Customer service-8 (15%) Call center operators 8 (15.09%)

Research-1 (2%) Researchers 1 (1.88%)

Operations-9 (17%) Engineers 4 (7.54%)

Logistics Planners 1 (1.88%)

Assemblers 1 (1.88%)

Laboratory and civil

engineering technicians

2 (3.77%)

Technologists 1 (1.88%)

Women’s Perception of BSR
The female participants had positive opinions about the BSRs
about (1) the importance of the rooms for different purposes, (2)
the respect of working women, and (3) the atmosphere (physical
structure and equipment). On the other hand, the negative
perceptions are related to (1) little use, (2) the small amount of
BSRs implemented by companies, and (3) the need to reinforce
this action. The thematic analysis is available in Table 4.

Relationship Between the Use and

Perceptions About the BSRs and the 2030

Goals to Increase Breastfeeding Rates

Worldwide and Achieve SDG
From the codings and themes resulting from the experiences
using the BSRs and the opinions of women who use BSRs,
we were able to establish the positive relationship between the
BSRs and the international goals to raise breastfeeding indicators
worldwide, and to several of the SDG.

We observe a strong relationship between BSRs and SDG
8, particularly regarding decent work and economic growth,
as breastfeeding in the workplace can promote decent work,
women’s productivity and contribute to economic growth.

In Table 3, some reports show that BSRs provide comfort,
physical, and emotional well-being for women to perform their
activities, with comments such as “It was wonderful, I felt
welcomed, safe, cared for, very calm” (M23); “[...] Amajor benefit
was being able to pumpmilk and avoid mastitis, which happened
when I had my first daughter, precisely because I had no way
to pump milk.” (M15); and “[...] The room was essential. [...]
Also, to relieve any discomfort throughout the day.” (M29).
In Table 4, we can see how the BSR contributes to a good
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TABLE 3 | Experiences with breastfeeding support rooms among women (n = 53), Brazil, 2019–2020.

Categories Quotes

Positive points

Allows continuity of breastfeeding “[...] it enabled me to continue breastfeeding in my return to work at such a delicate and special moment in my life. [...]”

(M3); “[...] helped me maintain breastfeeding without having to introduce formula.” (M9); “Great experience. I used up my

milk at lunchtime, so I was able to guarantee my babies would drink breast milk for a longer period” (M25); “The room

enabled me to continue breastfeeding, and I did not have to introduce formulas to them. [...]. Essential to maintain milk

production and ensure milk when I was absent” (M29); “Very important to continue breastfeeding my daughter [...]” (M41);

“Very positive, because of it, I can allow my child to exclusively breastfeeding” (M47);

Contributes to the mother-child bond

and well-being

“It was extremely important to my son’s well-being [...]” (M1); “It was extremely important to extend the mother and child

bond” (M4);

Provides comfort and emotional

well-being for the woman

“I felt welcomed by having a space prepared [...]” (M3); “Very rewarding, my daughter did not consume any other

milk/formula, only breast milk. [...]” (M17); “Wonderful, I felt safe, happy [...]” (M20); “I felt respected because after returning

to my job, I was able to pump and feed it to the baby later and for the comfort during the working time” (M21); “It was

wonderful, I felt welcomed, safe, cared for. Very calm” (M23); “Wonderful. It brought me peace to be able to continue

breastfeeding my son. [...]” (M27);

Comfort and physical well-being for

women

“It was a relief. When my first daughter was born, I suffered so much, physically and psychologically, because I had

recurrent mastitis and had no place or time to pump for relief. It was depressing. This time the much-requested room was

available [...].” (M8); “[...] A major benefit was being able to pump milk and avoid mastitis, which happened when I had my

first daughter, precisely because I had no way to pump milk.” (M15); “Comfortably pumping milk and having a place to store

it was fundamental to keep breastfeeding painlessly” (M18); “[...] I was relieved of swollen breast pain, especially by 4 pm.”

(M27); “[...] The room was essential. [...] Also, to relieve any discomfort throughout the day.” (M29); “Great! I overproduced

milk, so I needed to pump, and having a proper environment made all the difference.” (M40);

Related to the proper quiet location

and with all the necessary

infrastructure

“[...] It is evident that every detail in this space has been thought out with great care. I am so thankful for it.” (M3); “

Wonderful. I had a quiet and private place where I could pump milk [...].” (M9); “I had everything I needed. I wish I had used

it longer.” (M14); “It was a very good, quiet, appropriate location. Good to have a place to store. [...]” (M15); “[...] it was a

comfortable and safe place where I could pump and freeze milk for my child every day. [...]” (M41); “[...]. The option to have

a suitable and private place, quiet, makes the moment more appropriate to pump milk.” (M51);

Allowed donation to the Human Milk

Bank

“[...] I even managed to donate to the milk bank for over a year.” (M8); “[...]. For some time, I was able to donate breast milk”

(M17); “[...] besides easing the process of donation to the milk bank” (M16); “[...] in addition to allowing me to donate milk”

(M33);

Positive unspecified experiences “Very important” (M2); “great” (M22); “Very good” (M26); “Great! Essential!” (M31); “It was great.” (M34); “Very good” (M47);

Difficulties encountered

Distance from rooms “[...]The only difficulty is that in the branch I worked [...] the breastfeeding room was a 10-min walk from the place where I

worked, adding up the time pumping, I ended up staying too long in there, plus the time to return to my workplace. Even

though I was a manager, I was still embarrassed.” (M11);

Need to stop using the rooms due to

the age of the child.

“Using the room was great, but due to company policy, I only had the right to be off work in the first month [...]. I came back

from maternity leave, plus vacation time, and my daughter was 7 months old, so by 8 months, I was forced to introduce

formula (Suggestion: we should be free to use the room for as long as necessary for other activities... such as for example,

a medical examination to ensure that breastfeeding resumes.” (M49).

relationship between employees and employers. Once women
recognize the importance of the BSRs for the full realization of
their professional activities, they realize that BSRs contribute to
the appreciation of the women in the workforce since they feel
happy and valued professionally: “[...] And a satisfied employee
with her needs well-met is more productive at work” (M27) and
“[...] and also for performing their job activities smoothly” (M41).

In addition, the discourse surrounding women points to an
appreciation of the differential that the company provides for
them. Women recognize and value a company that meets their
needs as a woman, as a mother, and as a professional: “[...] it
is a way for the company to demonstrate that it cares about
women and to promote the well-being and health of mothers and
children” (M3), and “It makes a difference for women who live
in a conflict between their family and work life. The company
has a saying: We support you at this moment, everything
is fine” (M7).

We observed a potential relationship between BSR availability
in work environments and the achievement of SDG 5 concerning
gender equality. As observed in Tables 3, 4, BSRs contribute to
women having the opportunity to perform their professional
activities just as well as men, without physical or emotional stress,
feeling valued and recognized professionally.

We can also see indirect relationships between BSRs and
the achievement of six other SDGs from the increase in
breastfeeding rates, which positively impact the achievement
of the following SDG: (1) end poverty (SDG 1): breastfeeding
contributes to higher financial income for breastfed adults,
(2) zero hunger (SDG 2): breastfeeding reduces hunger and
malnutrition, promoting total child growth, and development in
the early years of life, (3) good health and well-being (SDG 3):
breastfeeding improves the physical and mental health, and well-
being of mothers and children, (4) quality education (SDG 4):
breastfeeding contributes to an increase in intelligence quotient.
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TABLE 4 | Perceptions of female employees about breastfeeding support rooms (n = 53), Brazil, 2019–2020.

Perceptions Quotes

Positive

Importance of BSRs “I consider it extremely important with immeasurable repercussions [...]” (M3); “extremely essential” (M4); “It is indispensable

[...]” (M8); “They are essential” (M11); “fundamental for those who want to breastfeed” (M18); “There’s nothing better, super

necessary” (M23); Necessary. Indispensable [...] improves the quality of life of the whole family because if the mother is well,

the family will also be” (M26);

Importance of BSRs for women “Essential for working mothers who are aware of the importance of breast milk.” [...] (M1); “Necessary for mothers who

breastfeed, regardless of how long.” (M10); “A space necessary so that mothers do not have to be exposed or go through

constraints when feeding their children. [...] (M17); “It is fundamental to our process [...] (M20) “It is a fundamental support

for mothers who want and/or must breastfeed” (M29); “A standout for us mothers” (M32);

Importance of BSRs for the child “[...] These rooms are essential for the babies’ development [...] (M1); “[...] the Ministry of Health proves that breastfeeding

contributes to the child’s health” (M3); “It is beneficial for mothers and especially for babies who will continue to be breastfed

longer” (M24);

Importance of BSRs for breastfeeding “Essential to encourage exclusive breastfeeding” (M2); [...] Makes a lot of difference in support for breastfeeding” (M12);

“encourages breastfeeding and that women breastfeed longer” (M19); “Helps in the process of continuity of breastfeeding

and donation of breast milk” (M21); “[...] is essential for the continuity of breastfeeding [...] (M41); “[...] a unique space that

contributes to increasing breastfeeding time” (M47);

Importance of BSRs for job

performance

“[...] And a satisfied employee with her needs well-met is more productive at work” (M27); “[...] and also for the comfortable

performance of their job activities” (M41);

Appreciation of the woman employee “[...] it is a way for the company to demonstrate that it cares about women and to promote the well-being and health of

mothers and children” (M3); “It makes a difference for women who live in conflict between their family l and work life. The

company that has one is saying: We support you at this moment, everything is fine” (M7); “Represents the appreciation of

the working woman, providing due support in such a difficult moment of returning from family leave and being apart from

the baby” (M16); “[...] It demonstrates respect, attention, and care for their employees” (M17); “It is sensational, having an

exclusive place for moms to take fresh milk to their child [...] five-star company” (M22);

Ambiance “Excellent, it has everything necessary” (M5); “Very cozy and quiet room” (M9); “It is comfortable, safe, hygienic and private

for the mother” (M30); “The environment makes us well at ease, it is clean and cozy, with a fridge and freezer, hot water in

the sink, alcohol, and tissue” (M43); “the environment is very good, clean, calm, totally adequate” (M44); “It is a reserved,

clean place, with the necessary appliances (refrigerator, couch, sink, etc.) that makes the woman feel at ease” (M46);

Negative

Little use “It’s super interesting. But in practice, it only worked for me [...]” (M14); “[...] but since the room administrator had left the

company, the place was a little neglected,one of the faucets didn’t work, for example, and it was not cleaned often. But

there was a refrigerator, a couch and a key. With this, I realized that few mothers used the room, I think it is a cultural issue

and also more difficult for the mothers of the operational team” (M45);

Little existence ”There is almost no such space” (M48);

Need for reinforcement “[...] I believe that the importance is even greater for companies that grant only 4 months of maternity leave” (M1); “all

companies should have [...] (M12); “indispensable, every company should have” (M13); “I think it should remain and be

further developed. With clear policies regarding use that aim to help mothers and families maintain breastfeeding” (M49);

“all companies should have one to encourage mothers to continue breastfeeding after returning to work” (M42)

Breastfed children for longer participate in more educational
activities, (5) reducing inequalities (SDG 10): breastfeeding
provides the best start in life. With the increase in breastfeeding
rates, there is a decrease in infant morbidity and mortality, an
increase in physical and emotional well-being, in income when
adult, thus reducing social inequalities throughout generations,
(6) climate action (SDG 13): breastfeeding is sustainable and
does not harm the environment, unlike baby formulas that can
contribute to the greenhouse effect and waste generation, and
should only be used when necessary. This relationship can be
seen in Table 5.

DISCUSSION

From the reports of formal female workers, we identified how
their experiences using BSRs, their perceptions and opinions
on the BSR strategy, and the support for breastfeeding at work

as a result of implementing BSRs, can contribute directly to
SDG 8 and SDG 5 and consequently lead to six other SDGs
as the time women continue breastfeeding increases. Although
there are studies that investigate BSRs, we could not find
studies with this focus. Our sample corresponded to a little
more than 40% of active BSR users in the state of Paraná,
which we consider an acceptable standard for studies with self-
completion questionnaires.

Most women were middle-aged, between 31 and 40 years
old, married or living in a common-law marriage. Regarding the
positions occupied by women at work, we observed that most
were placed in administrative functions. According to Dagher
et al. (7), women who work in an office have a higher chance
of initiating breastfeeding. In addition, research shows that the
sociodemographic conditions of women in southern Brazil are
favorable for exclusive breastfeeding but that it is a challenge to
keep breastfeeding for more than 12 months (20).
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TABLE 5 | Relationship between Breastfeeding Support Rooms and their contribution to achieving Sustainable Development Goals, Brazil, 2019–2020.

Relationship with the SDG SDG directly and indirectly affected by BSRs

→ BSRs have a strong relationship with SDG → SDG 8: Promote sustained, inclusive, and sustainable economic

growth, full and productive employment, and decent work for all

SDG 5: Achieve gender equality and empower all women and girls

Breastfeeding

Support Rooms

→ BSRs contribute to raising the rates of

breastfeeding, which has a potential

relationship with the SDG

→ SDG 1: End poverty in all its forms everywhere

SDG 2: End hunger, achieve food security and improved nutrition

and promote sustainable agriculture

SDG 3: Ensure healthy lives and promote well-being for all of all

ages

SDG 4: Ensure inclusive and equitable quality education and

promote lifelong learning opportunities for all

SDG 10: Reduce inequality within and among countries

SDG 13: Take urgent action to combat climate change and its

impacts

The implementation of policies to promote, protect and support breastfeeding has the potential to reinforce breastfeeding in general, including breastfeeding in the work environment

and BSR, in addition to contributing to SDG 17 on global partnerships and joint action between governments and civil society.

Most of the women in our study had graduated college,
worked up to 8 h a day, and were encouraged by the company and
their superiors to take breaks to pump breast milk. These findings
corroborate with Tsai (21) in a study conducted in Taiwan with
715 female employees.

We know that the high level of education can be a favorable
factor for breastfeeding [Tsai (20, 21)], thus contributing to
women having more positive perceptions about the actions that
contribute to the maintenance of breastfeeding, including the
BSRs. We emphasize, however, that only 6 (11.3%) of the women
held higher management positions, and it was unanimous for all
users, even female workers, and assistants, to be satisfied with
being able to use SAA in the workplace. Furthermore, in our
study, 100% of the women had a late return to work after the
180-day maternity leave, and it is common for workers to extend
this period with 30 vacation days, resulting in a return to work
of around 7 months after the baby is already on complementary
feeding. In addition, most women also had the privilege of using
BSRs even after the time established in the labor legislation of
breaks up to 6 months. We believe that this was due to employers
becoming more aware of the importance of breastfeeding.

The Citizen Company (Empresa Cidadã) program, instituted
in 2008 by Law 11.770 (22), is aimed at the optional extension of
maternity leave from 120 to 180 days through the concession of a
tax incentive. The extension of maternity leave is an achievement
that has ensured progress for public policies in support of early
childhood in Brazil. Six-month maternity leave is associated
with an increased prevalence of exclusive breastfeeding (8).
All the companies participating in this study have adopted a
180-day maternity leave, and most have also adopted a 20-day
paternity leave.

Most of the women had worked for a long time in the
company. From their accounts, as seen in Table 4, we found
that employees perceive that the company, upon implementing
BSRs, values their work and provides conditions for a good work
performance, contributing strongly to the achievement of SDG
8 and 5. This relationship between BSRs and SDG 8 and 5 was

more specifically about promoting decent work, allowing women
to find physical and emotional comfort that enables them to be
more relaxed, and willing to perform their professional activities
on equal grounds.

We noticed that the BSRs contribute to the appreciation of
female employees. For example, women reported feeling happy
and valued professionally for having rooms available since they
feel that the company supports them in their needs. In addition,
we found that female employees recognize the company’s
advantage, which is related to an increase in satisfaction and
contentment concerning the company they work for, as observed
in some reports in Table 4.

This finding corroborates the assertion of Rollins et al. (3)
that BSRs can reduce absenteeism, improve work performance,
engagement, and workforce retention. We understand that
BSRs have a great potential to reduce barriers to continued
breastfeeding among working women, promote decent work,
which concerns SDG 8, and are a low-cost investment that
employers could easily implement.

By allowing women to alleviate their physical discomfort
during the workday and find emotional well-being and comfort,
the relationship between BSRs and gender equality merges
with the relationship between BSRs and decent work. When
women can use the BSRs, the environment is considered safe
and comfortable. In addition, they have emotional comfort
because the woman knows that her child will safely drink her
milk stored in an appropriate place during her professional
activities and avoid using baby formula. Therefore, women
can dedicate themselves to their professional activities more
efficiently, allowing for equal working conditions as men, who do
not have such concerns. However, to the best of our knowledge,
no studies support our findings regarding how BSRs could
contribute to gender equality related to SDG 5, seeing as this field
is still little explored. Therefore, we highlight the need for further
studies on this topic.

In Tables 3, 4, we can see that women relate the importance of
the SAA with the maintenance and continuity of breastfeeding.
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Moreover, several authors corroborate the relationship between
BSRs and increased breastfeeding rates (3, 12–16).

We consider that increasing breastfeeding rates has the
potential to positively impact at least six of the SDGs, like
Victora et al. (2), who relate the promotion of breastfeeding to
several SDGs.

There is a relationship between breastfeeding and reducing
poverty and increasing human capital, which, in turn, can
also reduce social inequalities. According to Victora et al. (23),
breastfeeding improves human capital and significantly affects
adult education and income. Breastfed children have better
intellectual development for a more extended period (average
increase of 3 IQ points). As a result, they can show positive results
in school performance and a higher income in the long term.
These findings relate to SDGs 1, 4, and 10.

The relationship between breastfeeding, maternal, and child
health, included in SDG 3, is supported by several authors.
Breastfeeding benefits both children’s (2, 3, 23, 24) and women’s
health (2, 3, 25) and strengthens the emotional bond between
the mother and baby. Breastfeeding reduces infant deaths (2,
6, 24, 26, 27) and can prevent 13% of worldwide deaths in
children under 5 years of age (6, 26). Extending breastfeeding to
an almost universal level could prevent 823,000 annual deaths
of children under 5 and 20,000 annual deaths from breast
cancer (2).

Breastfeeding ensures food and nutritional security and
promotes total growth and development for children.
Breastfeeding is a child’s first protection against hunger,
malnutrition, illnesses, and is also their most lasting investment
in physical, cognitive, and social aspects (24) related to SDG 2.

According to the women, BSRs are essential because they can
avoid using baby formulas, as seen in Tables 3, 4. This fact can be
related to the achievement of SDG 13, which concerns reducing
the impacts of climate change. In addition, breastfeeding is
sustainable and does not harm the environment, unlike baby
formulas, which contribute to the greenhouse effect and waste
generation, and thus, should only be used when necessary.
According to Rollins et al. (3), breastfeeding has economic and
environmental benefits.

Managers have a critical role in the success of breastfeeding for
working women (28).We know that lack of breastfeeding support
in the workplace and inconvenient breastfeeding conditions
discourage women from maintaining the practice (6, 21, 29, 30).

In our study, most women reported that they receive support
and encouragement from their companies. However, from the
experience of two BSRs users, one of the barriers when using the
rooms is related to the fact that they would have liked to have
used the BSRs longer. One of these participants was discouraged
from using the BSR after her child turned 8 months. This fact
indicates that despite the government’s efforts to encourage BSRs,
this strategy can be improved.

Through Convention 183, the ILO proposes measures to
protect maternity and breastfeeding in the workplace, assigning
countries the responsibility to institute a period for breastfeeding
breaks, the reduction of daily working hours, the duration of
breastfeeding breaks, among others, as noted in items 1 and 2
of article 10 (31).

According to Rollins et al. (3), 130 countries have paid
breastfeeding breaks, seven countries have unpaid breaks, and 45
countries do not have a policy for breastfeeding at work. In Brazil,
the right to a breastfeeding break date back to the 1940s and is
included in the labor legislation. Article 396 of the Consolidation
of Labor Laws (CLT) determines that a woman should have two
30-min breastfeeding breaks during the workday until the child
is 6 months old. The law also incorporates an extension to the 6
months at the discretion of competent authorities, depending on
the child’s health (32).

These results reinforce the importance of an update to
Brazilian labor laws concerning an extension of breaks to
breastfeed or pump milk during the workday, either if
breastfeeding continues or at least until the child is 2 years old,
which is the recommended threshold for breastfeeding.

This right to breastfeed children up to 2 years of age must
be established by law and available to all women, regardless of
the manager’s goodwill. The institutionalization of the right to
breastfeed at work for the first 2 years of the child’s life would also
contribute to achieving the international breastfeeding goals for
2030, which are 80% breastfeeding by age one and 60% by age
two (1). To that end, governments, donors, and civilians must
commit and invest in the promotion, protection, and support of
breastfeeding (3).

There are some limitations to our study that need to be
pointed out. First, we focused only on one state in Brazil,
which has 76.2% of SAA in the southern region of the country
and 8% of the total 200 BSRs certified in Brazil by 2017.
Brazil is a very diverse country; thus, it would be beneficial
to use complementary studies to verify our findings in other
regions. Second, our study involved companies that adhered to
other support strategies for working women, such as extending
maternity and paternity leave, which may have influenced the
positive perception of women about the Breastfeeding Support
Rooms. Finally, the use of the online questionnaire instead of
in-depth interviews may have made it challenging to capture
women’s perceptions somehow.

However, despite these limitations, this is the first study in
Brazil to gather data on women’s experience using BSRs and their
perception about it. This is also the first study that points to the
great potential relationship between BSRs and the achieving SDG
5 and 8 by promoting decent work, professional appreciation,
comfort, and physical and emotional well-being, all factors that
contribute to work productivity and economic growth besides
impacting other SDGs by increasing breastfeeding rates.

Our findings conclude that the BSR is seen as an important
and cheap strategy for female employees. Therefore, countries
should invest to promote breastfeeding in the workplace through
BSRs because they contribute directly and indirectly to achieving
the SDG.
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Background: Bullying is public health problem globally in workplaces with untold

deleterious effects on the health andwell-being of individuals at the receiving end. Bullying

has been found to disrupt social interaction at workplace thereby creating an unhealthy

and seemingly unproductive work environment. Studies have reported varying rates of

workplace bullying as high as 83% in Europe, 65% in the Americas and 55% in Asia with

very little documented in the contemporary African setting and Nigeria in particular. It

therefore became imperative to assess the level of bullying and its associated factors

among medical doctors in residency training in a tertiary health institution in Plateau

state Nigeria.

Methodology: This was a cross sectional study conducted among resident doctors

in Jos University Teaching Hospital between November 2019 and February 2020 using

quantitative method of data collection and SPSS version 20 was used for data analysis.

Crude and adjusted odds ratios as well as 95% confidence interval were used in this

study with a p-value of ≤0.05 considered statistically significant.

Results: The mean age of the respondents was 32.3 ± 3.9 years with 78 (62.9%)

being 31 years and above. Bullying was currently being experienced by 74 (59.7%)

of the respondents with verbal aggression and threats as well as insult and use of

derogatory remarks being the forms of bullying experienced by 85.1 and 74.3% of the

respondents, respectively. Furthermore, witnessing a colleague being bullied was the sole

factor found to be significantly associated with workplace bullying (AOR = 0.18; 95% CI

= 0.068–0.449; p < 0.001).

Conclusion: Workplace bullying has been found to be in existence and relatively high

among medical doctors in residency training in this setting with witnessing someone

being bullied as its sole associated factor.

Keywords: workplace, bullying, associated factors, medical doctors, residency training, tertiary health institution,

Nigeria
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INTRODUCTION

Bullying is a public health problem globally in workplaces
with untold deleterious effects on the health and well-being
of individuals at the receiving end (1, 2). Workplace bullying
has been described as constant and regular negative behaviors
toward an employee or its work leading to low sense of dignity
self worth (2–4). Bullying has been found to disrupt social
interaction at workplace thereby creating an unhealthy and
seemingly unproductive work environment (5–7). Studies have
reported varying rates of workplace bullying as high as 83% in
Europe, 65% in the Americas and 55% in Asia with very little
documented in the contemporary African setting and Nigeria
in particular (8). It is common place that bullying occurs in
all workplace settings of which medical profession is not an
exemption. It therefore became imperative to assess the level
of bullying and its associated factors among medical doctors in
residency training in a tertiary health institution in Plateau state
Nigeria. This is opined to bring to light the somewhat submerged
and unrecognized levels of workplace bullying in this subset of
health care workers and provide the platform for structuring
home-grown solutions to mitigating it through identified factors
potentiating it.

METHODOLOGY

Study Setting
This study was conducted in Jos University Teaching Hospital
(JUTH), a tertiary health institution founded in 1975 and
affiliated with the University of Jos (9). JUTH is a 600-bed
capacity facility located in the Lamingo Area of Jos North
Local Government Area (LGA) (9). JUTH offers a vast variety
of specialized services in the various aspects of healthcare,
research and training and serves as a referral center to
the surrounding states in the North central, parts of north
western and north eastern part of Nigeria. JUTH being a
tertiary health facility has the following service delivery units;
surgery, internal medicine, obstetrics and gynecology, pediatrics,
community medicine, radiology, ophthalmology, pathology,
laboratory medicine, otorhinolaryngology, anesthesia, psychiatry
and dentistry among others.

Study Population
The study population comprised of all resident doctors
undergoing specialty training in Jos University Teaching
Hospital at the time of the study.

Study Design
A cross-sectional study design conducted between November
2019 and February 2020 to assess the level of workplace bullying,
its form and predictors among resident doctors in Jos University
Teaching Hospital, Plateau State Nigeria using quantitative
method of data collection.

Sample Size Estimation
The sample size for this study was determined using the
appropriate sample size determination formula for a cross

sectional study denoted below (10). Where n is the minimum
sample size, Z is the standard normal deviate at 95% confidence
interval (1.96), q is the complementary probability (1 − p), d is
the precision of the study set at 0.05 and p is the prevalence of
workplace bullying from previous similar study being 92.0% (1).
This gave a sample size of 124 after addition of 10% to cater for
non, poor and or incomplete responses.

Criteria for Inclusion in the Study
All medical doctors in residency training for 6 months and
upwards were included in the study while those on either
outside posting or leave (annual or sick) were excluded from
the study. Six months of training experience was used as the
cut off to ensure that the participants had sufficient interaction
with both superiors and contemporaries in the course of their
respective trainings.

Sampling Technique
A stratified sampling technique was used in order to ensure
representativeness of all the departments of specialty training
owing to the fact that these departments had varied number
of eligible resident doctors. A list of all the eligible resident
doctors from the various departments was obtained, serialized
and de-identified with unique departmental codes forming the
sampling frame. Following which proportion to size technique
was used to obtain the number of participants to be sampled
from each of the departments. This was done by dividing the
number of resident doctors who had met the inclusion criteria
per department (psychiatry—11, surgery and its sub-specialties—
54, internal medicine—38, Obstetrics and gynecology—44,
pediatrics—23, community medicine—41, ophthalmology—18,
otorhinolaryngology—12, hematology—7, family medicine—37
and dentistry—11, radiology—17, medical microbiology—7,
chemical pathology—8, histopathology—11, Anesthesia—10) by
the cumulative total number of all the eligible resident doctors in
all the departments of training (349) multiplied by the sample
size of 124 for the study. This gave the following number of
resident doctors sampled per department: psychiatry—4, surgery
and its sub-specialties—19, internal medicine—14, Obstetrics
and gynecology—15, pediatrics—8, community medicine—
14, ophthalmology—6, otorhinolaryngology—4, hematology—
3, family medicine—13 dentistry—4, radiology—6, medical
microbiology—3, chemical pathology—3, histopathology—4,
anesthesia—4). Thereafter, the respective departmental list was
drawn and numbers were allocated to the all the eligible
respondents in ascending order forming the departmental
sampling frame from which computer generated table of random
numbers was used to select determined number of resident
doctors for each department, respectively, without replacement.

Data Collection Instrument
A semi-structured self-administered questionnaire adapted
from a previous studies comprising of three sections; socio-
demographic characteristics, prevalence of workplace bullying
and pattern of workplace bullying (11, 12). Three research
assistants were trained on the content, method of administration
and retrieval of filled questionnaire prior to the commencement
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of the study by the principal researcher. Cronbach alpha
reliability assessment of the questionnaire was done using SPSS
software version 20 where an overall Cronbach alpha score of
0.81 was obtained. The data collection instrument was pretested
in among resident doctors in another training institution among
10% of the calculated minimum sample size. This was done in
order to correct any ambiguity in the questionnaire and also to
estimation of time of administration of the questionnaires.

Data Collection
Data were collected using a paper-based semi-structured
self-administered questionnaire. The eligible and selected
participants identified with the help of the various departmental
focal persons were sampled in their respective departments
daily. The departmental focal person helped in the retrieval of all
the filled questionnaires for onward collection by the research
assistants. Upon the receipt of all the filled questionnaires
from departmental focal persons, the trained research
assistant reviewed all the questionnaires for completeness and
appropriateness of the responses as required. The questionnaires
not completely filled were returned for proper filling and
retrieved back. Confidentiality and anonymity of the information
provided by the participants were assured and maintained.

Ethical Consideration
Ethical clearance was obtained from Jos University Teaching
Hospital Institutional Human Research Ethical Committee
(JUTH/DCS/IREC/127/XXX/2137). Written informed consent
was obtained from all the respondents with confidentiality and
anonymity of their responses assured and maintained.

GRADING OF RESPONSE

Explanatory variables in this study were categorized
as demographic characteristics of the respondents. The
demographic characteristics included age which was age as at
last birthday and then categorized into ≤ 30 and 31 years and
above after plotting a percentile graph and 30 years was found
to bifurcated the data into two halves. Furthermore, sex of the
respondents was obtained and categorized as male or female
based on the responses obtained. Other explanatory variables
assessed were marital status assessed as single or married, level of
training graded as registrar and senior registrar. Senior registrars
are those doctors in residency training who had passed the
part—one fellowship/college examinations after spending the
mandatory 3 years junior residency phase and are the final phase
of their specialty training. Additionally, information on duration
in specialty training was elicited in years and graded as ≤3 and
4 years and above. Three years was used as the cut-off being
the mandatory period for junior residency phase. The outcome
measure of the study was the experience of any act of bullying
which was elicited with a yes or no response to the question
“Have you experienced any form of workplace bullying in the last
6 months in the course of your training?” Following which the
respondents were asked to indicate the acts of bullying they had
experienced. Bullying was adjudged to have been experienced if
the respondents had been exposed to any acts of intimidation,

humiliation, degrading, misuse or abuse of power, authority or
position which caused any feelings of defenselessness as well as
undermining his/her sense of dignity while at work within the
last 6 month (3, 4).

DATA ANALYSIS

Data analysis was carried out using Statistical Package for Social
Sciences (SPSS) version 20. Descriptive statistical analysis was
carried out on quantitative variables such age of the respondent
using mean and standard deviation as the summary indices
upon the fulfillment of the assumptions of normality. Other
explanatory variables such as age group, sex, marital status,
religion, level of training, duration of training and field of
specialization were presented using frequency table expressed in
frequencies and percentages. The primary outcome variable was
workplace bullying expressed as experienced and not experienced
presented in a frequency table. A stepwise model approach
to logistic regression was used in determining the factors
influencing workplace bullying where each of the explanatory
variables was fed into the logistic regression model singly
following which crude odds ratios and 95% confidence intervals
were generated, respectively. Furthermore, all these factors were
then fed cumulatively into the logistic regression model to
establish interaction and allow for these factors to adjust for
one another. Adjusted odds ratio and 95% confidence interval
were used as point and interval estimates of the measure of the
effects of these factors on the experience of workplace bullying.
Additionally, a probability value of <0.05 was considered
statistically significant.

RESULTS

The mean age of the respondents was 32.3 ± 3.9 years with
78 (62.9%) being 31 years and above. With regards to sex
distribution of the study participants, 91 (73.4%) were males
while 95 (76.6%) were in the registrar cadre. Surgery and its sub-
specialties accounted for 19 (15.3%) of the respondents, while
Internal Medicine, Obstetrics and Gynecology and Community
Medicine accounted for 14 (11.3%), 15 (12.1%), and 14 (11.3%)
of the respondents, respectively (Table 1).

Bullying was currently being experienced in the course
residency training at one point or the other by 74 (59.7%) of
the respondents while 86 (69.4%) stated that they had witnessed
at least a colleague being bullied since commencement of
residency training. Verbal aggression and threats, insult and
use of derogatory remarks as well as intimidation by superiors
were the forms of bullying experienced by 85.1, 74.3, and 60.8%
of the respondents, respectively, among participants who had
experienced bullying (Table 2).

Furthermore, witnessing a colleague being bullied was the
only factor influencing bullying in the workplace in this study.
The odds of being bullied for those who had not witnessed any
of their colleagues being bullied was 0.18 times those who had
witnessed same (95% CI= 0.068–0.449; p < 0.001) (Table 3).
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TABLE 1 | Socio-demographic characteristics of the respondents.

Characteristics Frequency (n =124) Percentage

Age (Years)

≤30 46 37.1

31 and above 78 62.9

Mean ± SD

Mean age 32.3 ± 3.9 years

Sex

Male 91 73.4

Female 33 26.6

Religion

Christianity 120 96.8

Islam 4 3.2

Level of training

Registrar 95 76.6

Senior Registrar 29 23.4

Duration in specialty training (years)

≤3 91 73.4

4 and above 33 26.6

Marital Status

Single 62 50.0

Married 62 50.0

Field of specialization

Surgery and its sub-specialties 19 15.3

Internal Medicine 14 11.3

Obstetrics and Gynecology 15 12.1

Peadiatrics 8 6.5

Family Medicine 13 10.5

Community Medicine 14 11.3

Laboratory Medicine 13 10.5

Others* 28 22.6

SD, Standard Deviation. *Psychiatry, radiology ophthalmology, otorhinolaryngology,

anesthesia, dentistry.

Laboratory Medicine, Hematology, medical microbiology, chemical

pathology, histopathology.

DISCUSSION

Workplace bullying is any anti-social behavior in the workplace
resulting in distress, discomfort, physical or psychological harm
(13). The prevalence of workplace bullying in this study was
relatively high with slightly above half of the respondents
having experienced bullying at one point or the other in
the course of their postgraduate specialization training. This
is similar to what was reported in a Greek study though
conducted among health care providers in just one unit of the
hospital as against this study having doctors in training from
all the different fields of specialty (6). Furthermore, varying
burdens of workplace bullying were also reported in studies
conducted in different climes with lower prevalence rate found
in those carried out in Spain, Taiwan, Portugal and Cyprus in
comparison to findings of this study while higher rates were
recorded in studies conducted in Turkey, Nigeria and Egypt
(5, 14–19).

TABLE 2 | Prevalence and forms of workplace bullying.

Variables Frequency n = 124 Percentage

Witnessed colleague(s) being bullied

Yes 86 69.4

No 38 30.6

Current experience of bullying

Experienced 74 59.7

Not experienced 50 40.3.

Direction of bullying experienced (n = 74)

Superior to subordinate 74 100.0

Among peers 0 0.0

Forms of bullying* (n =74)

Verbal aggregation and threats 63 85.1

Playing of mind games 28 37.8

Social isolation 20 27.0

Insults or derogatory remarks 55 74.3

Intimidation 45 60.8

Neglecting one’s opinion 38 51.4

This variation could be attributable to the difference in
the cadres of health care workers studied, the methods of
assessment of workplace bullying as well as the culture and
societal perception of bullying in these different study settings.
Importantly, a harmonious work environment is tantamount
to having good treatment outcomes for the end service users,
motivation and improved productivity as well as job satisfaction
for the health providers and in this context, a fulfilling
residency training experience for the trainees. This implies that
workplace bullying should either be non-existent or reduced
to the barest minimum if the health care system will achieve
its intended purposes and produce specialists who would
value the importance of good interpersonal relationship and
peaceful co-existence.

Furthermore, over two-third of the respondents had witnessed
at least a colleague being bullied within a period of 6 months
prior to the study which is consistent with what was reported
in another study conducted in Europe (6). This has brought
to light that bullying cuts across geographic locations and
regions and if it goes on unchecked, the possibility of it being
taken as the norm and modeled as part of daily routine is
high. Hence, it may be imperative for health institutions to
develop or have in place anti–workplace bullying system and
reporting channels as measures of curbing it. Furthermore, verbal
aggression and threats, intimidation, social isolation as well as
neglect of one’s opinion were expressed as the forms of bullying
experienced in this study which corroborate the findings of other
studies in addition to direct hostile behavior, being continuously
interrupted, being gossiped about, failure to respect privacy,
excessive workload, degrading remarks, physical abuse with rage
and anger among others being reported (5, 13, 15–19). This
is a pointer to the fact that these anti-social behaviors exist in
workplaces globally with shared similarities in different countries
and regions making workplace bully an emerging public health
problem requiring urgent global attention.
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TABLE 3 | Multiple logistic regression of factors influencing workplace bullying.

Factors COR (95%CI) P-value AOR (95% CI) P-value

Age group (years)

≤30 1.42 (0.68–2.97) 0.354 1.16 (0.43–3.12) 0.763

31 and above 1 – 1 –

Sex

Female 0.45 (0.20–1.02) 0.054 0.84 (0.29–2.41) 0.747

Male 1 – 1 –

Marital status

Single 1.30 (0.64–2.69) 0.464 1.64 (0.63–4.28) 0.312

Married 1 – – –

Level of training

Senior Registrar 0.59 (0.25–1.44) 0.247 0.75 (0.20–2.82) 0.667

Registrar 1 – – –

Witnessing a colleague being bullied

No 0.165 (0.07–0.38) <0.001 0.18 (0.07–0.45) <0.001

Yes 1 – – –

Duration of training (years)

4 years and above 0.89 (0.40–1.99) 0.774 0.42 (0.12–1.49) 0.180

≤3 years 1 – – –

Field of specialization

Surgery and its

sub-specialties

2.20 (0.64–7.58) 0.213 1.73 (0.43–6.96) 0.442

Internal medicine 4.67 (0.40–53.93) 0.217 3.19 (0.24–43.22) 0.384

Obstetrics and

gynecology

1.37 (0.29–6.36) 0.695 1.08 (0.20–5.91) 0.458

Peadiatrics 1.05 (0.26–4.32) 0.946 0.87 (0.17–4.47) 0.867

Family medicine 0.47 (0.07–3.34) 0.448 0.41 (0.05–3.76) 0.433

Community medicine 10.50 (1.02–18.58) 0.002 5.21 (0.24–6.94) 0.055

Laboratory medicine 1.94 (0.32–11.76) 0.469 1.23 (0.15–9.88) 0.847

Others* 1 – – –

*Psychiatry, radiology ophthalmology, otorhinolaryngology, anesthesia, dentistry.

Laboratory Medicine, Hematology, medical microbiology, chemical pathology,

histopathology; COR, Crude Odds Ratio; AOR, Adjusted Odds Ratio.

Age group, sex, marital status, level of training, witnessing colleague being bullied,

duration of training and field of specialization were all adjusted for in the multiple logistic

regression model.

With regards to the factors influencing workplace bullying
among doctors in the residency training, witnessing a colleague
being bullying was found to be the sole factor influencing
bullying. However, other similar studies have reported factors
such as gender, age, number of years in service, workload, level of
education and shift employment as factors influencing bullying
in the work place (6, 14, 17, 18). It however, imperative to
state that observing someone being bullied could subtly over a
period of time model individuals to seeing bullying as normal
and then potentiating the desire for bullying other in such
individual. Additionally, in view of the diversity of predictors of
workplace bullying among health care worker, it important to be
context and settings specific in providing interventions targeted
at addressing this dangerous act so as to achieve meaningful
results. The study stands to contribute to the existing body
of knowledge on the existence of bullying among health care
providers cutting across various specialties. This in itself has
brought to light that bullying is not restricted to any profession

or career pathway. However, assessment of bullying in this
study was self reported and limited to only medical doctors in
specialty training which in a way could be a limitation to the
generalizabilty of the findings of the study. Additionally this
study had used only quantitative method of data collection while
the use of mixed method approach may have provided more
insight into more hidden factors influencing bullying in the
group of respondents.

CONCLUSION

Workplace bullying has been found to be in existence and
relatively high among medical doctors in residency training in
this setting with witnessing someone being bullied as its sole
predictor. Hence, it is imperative that the acts of bullying be
discouraged through sensitization and education so as to forestall
modeling bullying as a integral part of specialty training.
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Extreme heat events caused by climate change have serious adverse effects on

residents’ health in many coastal metropolises in southeast China. Adaptive capacity

(AC) is crucial to reduce heat vulnerability in the human-environment system. However,

it is unclear whether changes in individual characteristics and socioeconomic conditions

likely amplify or attenuate the impacts of residents’ heat adaptive capacity (HAC)

changes. Moreover, which public policies can be implemented by the authorities to

improve the HAC of vulnerable groups remains unknown. We conducted a questionnaire

survey of 630 residents of Xiamen, a typical coastal metropolis, in 2018. The effects

of individual and household characteristics, and government actions on the residents’

HAC were examined by using ordinal logistic regression analysis. Results show that

the majority (48.10%) of Xiamen residents had a “medium” HAC level, followed by a

“high” level (37.14%). On Xiamen Island, residents who settled locally for one–three

years and spent less than one hour outdoors might report weaker HAC, and their HAC

would not improve with increased air conditioning units in household. In other areas

of Xiamen, residents with more rooms in their households, no educational experience,

and building areas <50 m2 might report better HAC. Further, vulnerable groups, such

as local residents and outdoor workers on Xiamen Island, people lacking educational

experience and renters in other areas of Xiamen, showed better AC to hot weather than

those in previous studies. Low-income groups should be given more attention by local

governments and community groups as monthly household income played a positive

role in improving Xiamen residents’ HAC. Rational green spaces planning and cooling

services, such as street sprinkling operations, provided by municipal departments can

effectively bring benefits to Xiamen residents. Identification of basic conditions of AC has

significant implications for practical promoting targeted measures or policies to reduce

health damages and livelihood losses of urban residents during extreme heat events.

Keywords: climate change, extreme heat events, heat vulnerability, adaptive capacity, human-environment

system, Xiamen Island, China
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INTRODUCTION

Extreme heat events around the world are occurring more
frequently due to climate change caused by human activities (1).
These events have gradually evolved into severe meteorological
disasters (2) and have adversely affected the development of
human society and health (3, 4). In the past few decades,
continuous urbanization has increased the intensity and duration
of hot days in coastal metropolitan areas (5, 6). Due to the
accelerated concentration of population and capital, extreme heat
events are becoming more frequent in developed areas along the
southeast coast of China (7–9), such as Xiamen.

Xiamen, an important central city and tourist location, has
nearly 4.11 million inhabitants. It has a total area of 1700.61
km2, of which the land area of Xiamen Island is 157.98 km2

(including Gulangyu), and the sea area is ∼390 km2. There
are six districts in the Xiamen metropolitan area, among which
Siming and Huli are located on Xiamen Island, while Haicang,
Jimei, Tong’an, and Xiang’an are located in other areas. Since
the early 1980s, temperatures in Xiamen have continued to
rise, and heat events have occurred more frequently. According
to meteorological data from the Fujian Meteorological Bureau,
there were 24 heat wave events from 1980 to 2014, with an average
temperature rise of 0.43◦C per decade and extreme temperatures
of up to 39.2◦C. Under the influence of buildings and background
winds (10), the intensity of Xiamen’s urban heat island may
further increase, leading to an expansion of the adverse effects
of extreme heat events. Despite Xiamen Island having a large
population, favorable economic and social conditions, and an
attractive natural environment (Figure 1), there has been little
verification of whether the residents of Xiamen Island are better
able to cope with the health threats of hot weather.

Extreme heat events have threatened the health and livelihood
of coastal metropolitan residents (11–13). It has been proven
that there is a significant correlation between extreme heat and
people’s subjective health status. The incidence of cardiovascular,
respiratory, and digestive tract diseases caused by scorching
weather is on the rise (14–16). However, it is still unclear
which groups in coastal metropolitan areas are more sensitive
or vulnerable to hot weather, and there is an urgent need to
know what measures can people take to cope with potential heat
health threats and what targeted policies, such as welfare and
public investment, can be developed by community groups and
local governments to reduce the loss of life, health, and property
during extreme heat events. In the face of these problems, we
should treat human society and the natural environment as a
unified unit (17). National Research Council of the National
Academy of Sciences (18) believes that understanding why some
people or regions are better able to cope with the negative impacts
of climate change should focus on the geographical differences
in exposure, vulnerability, and AC from the perspective of
vulnerability, and adaptive capacity of the human-environmental
system under external stress (extreme heat).

IPCC’s report (19) defines AC as “the ability of systems,
institutions, humans, and other organisms to adjust to potential

Abbreviations:HAC, heat adaptive capacity; AC, adaptive capacity.

damage, to take advantage of opportunities, or to respond to
consequences.” The report affirms the importance of AC in
assessing vulnerability to climate change. As a crucial component
of the vulnerability of the human-environment system, AC
can mobilize scarce resources to cope with expectations or
current pressures, thus affecting the ultimate potential of
achieving sustainable adaptation (20). Therefore, knowing and
understanding HAC has become critical for the development
of health policies and adaptation actions to enhance the ability
of residents to cope with heat stress. HAC studies can also
provide information for understanding the primary conditions
of adaptation to extreme heat to support the governments,
stakeholders, and residents in governance and decision-making.
Recently, scholars have attempted to incorporate AC into the
conceptual framework for constructing urban heat vulnerability
evaluation models in the coupled study of urban heat hazards
and human health. These studies used socio-demographic factors
(e.g., age, gender), economic status, and incidence of chronic
disease as indicators for assessing AC (21–26).

Adaptation is a complex problem (27). AC is measured
differently at various temporal and spatial scales, in different
cultural contexts, and with different social objectives (22, 28–
31). The AC of an individual, city, or community is often
affected by a series of decisive factors (29, 32). Therefore, it
is imperative to determine how AC is built, what constitutes
it, and what hinders or limits it (28). A research report
(33), co-authored by the European Topic Centre on Climate
Change Impacts, Vulnerability and Adaptation and the European
Topic Centre on Spatial Information and Analysis, made a
proposal to focus on AC from three aspects: “Ability,” “Action,”
and “Awareness.” However, the quantitative measurement and
spatial characterization of residents’ HAC remain a challenging
subject, and few studies have been devoted to exploring the
means for residents to enhance their AC in the face of
pressure in hot weather. From the perspective of the human-
environment system, it is necessary to explore residents’ HAC
in terms of individual characteristics, household characteristics,
government actions (34, 35), which allows us to get insight
into the mechanisms by which people and the environment
work together to cope with external interference (extreme heat)
and to explain the composition of factors influencing HAC.
In addition, current research on urban heat vulnerability or
AC may not be interpreted at the level of individuals and
their perceptions, which may have implications for the effective
implementation of integrated person-centered health policies. It
is increasingly recognized that the development of appropriate
adaptation strategies requires a deeper understanding of the
impacts of climate change on human beings (13, 36). Although
it is relatively rare to collect information about residents’ HAC
through interviews or questionnaires, these methods are very
effective for making observations about exposure, sensitivity, and
AC at multiple scales (18, 37–39).

In this study, a questionnaire survey was conducted among
the residents of Xiamen to: (1) explore their HAC and
identify its significant influencing factors in terms of individual
characteristics, household characteristics, government actions;
(2) highlight the differences in their HAC and the influencing
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FIGURE 1 | The location of Xiamen City. (A) Fujian Province in China; (B) Xiamen City in Fujian Province; (C) the six districts and elevation map of Xiamen City.

Background map source: National Geomatics Center of China. Population data source: the 7th National Census (2020). GDP data source: 2021 Yearbook of Xiamen

Special Economic Zone.

factors between Xiamen Island and other areas of Xiamen.
Identifying these conditions can provide a scientific reference
for policymakers to develop implementable health policies to
improve the HAC of residents in metropolitan areas and reduce
the health damage caused by extreme heat.

MATERIALS AND METHODS

Selection of Characteristics Associated

With Residents’ HAC
Residents’ HAC should be examined on both a small-
scale (individuals and households) and a large-scale (local
governments and community groups). To investigate HAC on
a smaller scale, individual HAC scales should include personal
cognition, attitude, and the methods by which people protected
themselves from heat stress (33, 40). HAC, on the individual and
household scale, can bemeasured in terms of age, education level,
health status, household economic status, housing conditions,
information access, and other factors (22, 24, 41–43). To examine

HAC on a larger scale, the impact of cooling programs and
services provided by the community and municipality on the
behaviors and ability of individuals to withstand heat waves
should be investigated, since the residents directly experience
and benefit from these services and facilities. HAC, on a
larger scale, is influenced by the construction of urban cooling
facilities, medical support configuration, heat forecasts, early
warning information pushing, municipal cooling operations, and
landscape configuration, among others (22, 24, 41, 44). This
can serve as a reference for recommendations on the facilities
and services that local governments should provide to cope
with urban heat waves. Based on the perspective of the human-
environment system, this approach is conducive to a deeper
understanding of the challenges, needs, and practices of the city
in the face of extreme heat events.

Combining the literature point of view and the consultation
results of experts in related fields, we list the characteristics
associated with residents’ HAC that were used in our
questionnaire and analysis (Table 1).
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TABLE 1 | Characteristics associated with residents’ HAC.

Scales Indicators Characteristics

Individuals Personal

characteristics

Gender (45, 46)

Age (21, 47)

Body Mass Index (24)

Education level (21–23)

Health status (22)

Hours spent outdoors per day (48)

Awareness and

action to prevent

heat waves

Obtain hot weather information

initiatively (40)

Go out for cooling centers initiatively

(40)

Households Household

characteristics

Number of family members (49)

Monthly household income (22, 47)

Building area (50)

Number of air conditioning units in

household (43, 51)

Number of fans in household

Years of local residence

Number of rooms in household

Local

governments and

community groups

Convenience of

accessing various

facilities or spaces

Access to cooling facilities (21, 41)

Access to medical support facilities

(45)

Access to public transportation

facilities

Access to river-waterfront spaces (21)

Access to green spaces (52, 53)

Frequency of

various services

provided by

community and

municipality

Frequency of releasing hot weather

information (40)

Frequency of street sprinkling

operations by municipal departments

Data Collection
Data collection was divided into two steps: questionnaire design
and formal implementation. In the first stage, the questionnaire
was designed objectively based on the 22 characteristics
listed in Table 1 (the questionnaire can be obtained in
Supplementary Data Sheet 1). Residents living in Xiamen City
were the target population for the survey. A five-point Likert scale
was used to measure subjective questions, which facilitated the
subsequent quantitative analysis. At the end of the questionnaire,
participants were asked to rate their own HAC based on their
responses to the previous questions. A semantic difference
scale was used to classify the rating scale into five levels:
lowest, low, medium, high, and highest. The scale and questions
were evaluated by several experts before the questionnaire was
completed. A pre-survey was conducted, and the questionnaire
was further optimized based on the feedback. Finally, the survey
was conducted in Xiamen, China from August 7 to August 14,
2018, employing the formal questionnaire.

Survey sites were determined based on spatial and random
sampling. A total of 57 locations were selected in Xiamen Island
and other areas of Xiamen, mainly in parks, shopping complexes,

universities, and residential areas. The participants completed
the questionnaire independently. For those with limited capacity
to read and write, the investigator dictated the questions and
filled in their answers. To ensure the authenticity and validity of
the information, the questionnaires were filled in for 10–30min.
A total of 691 questionnaires were distributed, and 630 valid
questionnaires were returned, with a valid return rate of 91.17%.

Statistical Method
For data analysis, IBM SPSS 21.0 (International Business
Machines Corporation, Armonk, NY, USA) was used. To identify
the differences between Xiamen Island and other areas of Xiamen
in terms of individual characteristics, household characteristics,
and government actions, a descriptive analysis was conducted,
followed by ANOVA and Chi-square test. Finally, an ordinal
logistic regression model was used to identify the factors that
significantly influenced residents’ HAC. The ordinal logistic
regression model was established according to the following
steps: ① suspicious variables affecting residents’ HAC were
analyzed using a univariate ordinal logistic regression model, and
the statistically significant variables were selected (significance
level was set at p < 0.15); ② screened variables in Step
1 were diagnosed by multicollinearity, and variables with a
variance inflation factor >2 were eliminated; ③ the remaining
variables were analyzed using an ordinal logistic regressionmodel
(significance level was set at p < 0.05).

Model Specification
This study used a logistic regression model to further identify the
factors influencing residents’ HAC. The independent variables
of the model are the characteristics selected in Table 1, which
have been conceptualized as questions in the questionnaire. The
options for the questions were coded as numbers before the
analysis for easy input into the model. Residents’ HAC was
chosen as the dependent variable. Since the dependent variable
was ordinal, the ordinal logistic regression model was chosen for
this study.

Suppose the dependent variable Y has k levels, and the
probability of each level was explained as π1, π2, π3,. . . , πk, then
π1 + π2 + π3 + . . . + πk = 1. The effect of P different factors
(the explanatory variables were denoted as x) on the probability
of each category of the explanatory variables can be analyzed as a
k− 1 model (54), constructed as follows:

− ln
[

−ln(π1)
]

= α1 + β1x1 + . . . + βpxp (1)

− ln
[

−ln(π1 + π2)
]

= α2 + β1x1 + . . . + βpxp (2)

− ln
{

−ln
[

π1 + π2 + . . . + πk−1

]}

=

αk−1 + β1x1 + . . . + βpxp (3)

where α is the threshold (constant term), and β is the position
parameter (regression coefficient).

RESULTS

Supplementary Tables 2, 3 show that the proportion of male
participants is greater than females (55.40% males and 44.60%
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females), comparable to the gender distribution of the resident
population in Xiamen in the 7thNational Census in 2020 (52.68%
males and 47.32% females). The results of the Chi-square test
show that there were no statistically significant differences in
the characteristics associated with participants’ HAC, except for
the number of fans in household, regardless of whether the
participants lived on Xiamen Island or other areas of Xiamen.
Overall, 92.06% of participants reported their HAC as “medium”
or above, of which almost half (48.10%) described their HAC
as “medium.” (Supplementary Tables 2, 3 can be obtained in
Supplementary Data Sheet 2).

Table 2 presents the three ordinal logistic regression models
constructed in this study. The models are statistically significant,
the degree of fit is good, and the hypothesis of “comparative
advantage” of the model is established. The parallel lines test
shows that the individual regression equations created by the
model are parallel to each other. Therefore, the threemodels were
suitable for studying the factors influencing residents’ HAC.

All Areas of Xiamen
Table 2 shows that among individuals’ characteristics, education
level and hours spent outdoors per day had significant effects on
participants’ HAC. Participants with no educational background
were likely to have higher HAC than those with education level at
university and above. Participants who spent less than one hour
outdoors showed a significant disadvantage in HAC compared to
those who spent more than eight hours outdoors.

From the household aspects, the number of rooms in
household and monthly household income had a positive
effect on participants’ HAC. As the number of rooms in
household increased, participants’ HAC would significantly
improve. Participants with a monthly household income of more
than RMB 20,000 were likely to report better HAC than those
with a monthly household income of <RMB 2,000, RMB 2,000–
5,000, and RMB 5,000–10,000.

Neither variable had a significant effect on participants’ HAC
in terms of their awareness and action to prevent heat-stroke.
However, the convenience of accessing green spaces significantly
affected participants’ HAC, as demonstrated by the participants
who found it “hard” and “general” to access green spaces were
likely to report lower HAC compared to participants who found
it “very easy” to access green spaces. When participants perceived
that the municipalities “never” and “seldom” sprinkled water on
the streets, they were likely to report lower HAC than those who
perceived that the municipalities “always” sprinkled water on
the streets.

Xiamen Island and Other Areas of Xiamen
Table 2 shows that the factors significantly influencing the
participants’ HAC on Xiamen Island and those in other areas of
Xiamen were different.

Participants from Xiamen Island reported their HAC that was
not influenced by their education background, but participants
from other areas of Xiamen with no educational background
reported significantly better HAC than those with university and
higher education level. For participants living on Xiamen Island,
if they spent less than one an hour outdoors per day, their HAC

was more likely to be weaker than those who spent more than
eight hours outdoors. In contrast, those living in other areas of
Xiamen were not affected by the hours spent outdoors per day.

In terms of household characteristics, participants’ HAC was
influenced by monthly household income, regardless of whether
they lived on Xiamen Island or in other areas. Participants living
on Xiamen Island with a monthly household income of more
than RMB 20,000 were likely to report better HAC than those
with RMB 2,000–5,000. However, in other areas of Xiamen,
participants with a monthly household income of more than
RMB 20,000 were likely to report better HAC than those with
<RMB 2,000 and those with RMB 5,000–10,000.

Years of local residence and number of air conditioners
units in household had significant effects on the participants’
HAC on Xiamen Island, indicating that participants who had
lived locally for only one–three years might report weaker HAC
than those who had lived locally for more than 10 years, and
that participants’ HAC might decrease as the number of air
conditioners units in household increased. However, the above
two factors had no impact on participants living in other areas
of Xiamen, whose HAC was chiefly influenced by building area
and number of rooms in household. Participants with <50 m2 of
building area were likely to report higher HAC than those with
more than 200 m2. On the other hand, participants with more
rooms in their households might report stronger HAC.

The convenience of accessing green spaces had significant
effect on participants’ HAC regardless of whether they lived on
Xiamen Island or other areas of Xiamen. On Xiamen Island,
participants who found it “very difficult,” “difficult,” “fair,” and
“easy” to access green spaces were likely to report weaker
HAC compared to those with green spaces close at hand, while
for participants living in other areas of Xiamen, only those
who found it “difficult” to access green spaces might report
weaker HAC.

DISCUSSION

This survey reflected the potential need of Xiamen residents
to withstand hot weather. Unlike previous studies that used
macroeconomic statistics (22, 41, 55), this study used semi-
structured interviews to obtain a large sample of data, which
provided a more comprehensive picture of residents’ HAC.
In the past, the Siming and Huli (Xiamen Island) had
advantages over the four districts (other areas of Xiamen) in
many aspects such as population, education, capital, healthcare,
natural environment; the region’s ability to cope with high
temperatures could have been enhanced employing these.
The Xiamen government had been actively implementing
an integration strategy to promote the joint development
of Xiamen Island and other areas of Xiamen in recent
years. The local governments took equity and fairness into
account in the integrated development of metropolitan areas.
Supplementary Table 3 shows that the participants’ HAC
did not show statistically significant differences between
Xiamen Island and other areas of Xiamen, which also
indicated the achievements of the Xiamen government’s
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TABLE 2 | Factors significantly influencing residents’ HAC based on results of ordinal logistic regression.

Factors Model I Model II Model III

(All areas of Xiamen) (Xiamen Island) (Other areas of Xiamen)

Estimate 95% CI Estimate 95% CI Estimate 95% CI

Lower Upper Lower Upper Lower Upper

Number of air conditioning units in household - - - –0.092* –0.179 –0.006 - - -

Number of rooms in household 0.095* 0.009 0.182 - - - 0.195** 0.054 0.337

[Education level = 1] 4.297*** 2.084 6.511 - - - 3.607* 0.836 6.379

[Education level = 2] 0.631 −0.535 1.798 - - - −0.982 −2.943 0.979

[Education level = 3] 0.411 −0.110 0.932 - - - 0.249 −0.499 0.997

[Education level = 4] 0.231 −0.176 0.638 - - - 0.486 −0.126 1.098

[Education level = 5] 0a - - - - - 0a - -

[Hours spent outdoors per day = 1] –1.051** –1.772 -0.330 –1.283* –2.416 –0.150 - - -

[Hours spent outdoors per day = 2] −0.312 −0.936 0.312 −0.365 −1.365 0.635 - - -

[Hours spent outdoors per day = 3] −0.602 −1.258 0.054 −0.745 −1.811 0.322 - - -

[Hours spent outdoors per day = 4] −0.363 −1.138 0.412 0.503 −0.854 1.860 - - -

[Hours spent outdoors per day = 5] 0a - - 0a - - - - -

[Building area = 1] - - - - - - 1.808* 0.134 3.481

[Building area = 2] - - - - - - 0.663 −0.875 2.201

[Building area = 3] - - - - - - 0.488 −0.973 1.949

[Building area = 4] - - - - - - 0.456 −1.199 2.111

[Building area = 5] - - - - - - 0a - -

[Years of local residence = 1] - - - 0.144 −0.821 1.109 - - -

[Years of local residence = 2] - - - –0.880* –1.712 –0.048 - - -

[Years of local residence = 3] - - - 0.047 −0.783 0.877 - - -

[Years of local residence = 4] - - - −0.303 −1.045 0.438 - - -

[Years of local residence = 5] - - - 0a - - - - -

[Monthly household income = 1] –1.486*** –2.285 –0.687 −1.117 −2.296 0.063 –1.989** –3.231 –0.747

[Monthly household income = 2] –0.942** –1.621 –0.264 –1.446** –2.440 –0.453 −0.936 −1.931 0.059

[Monthly household income = 3] –0.842** –1.401 –0.283 −0.576 −1.430 0.278 –1.339** –2.167 –0.510

[Monthly household income = 4] −0.441 −0.997 0.115 −0.640 −1.490 0.211 −0.549 −1.395 0.297

[Monthly household income = 5] 0a - - 0a - - 0a - -

[Access to green spaces = 1] 0.335 −0.922 1.591 –2.795* –5.065 –0.525 0.745 −0.761 2.252

[Access to green spaces = 2] –1.074** –1.853 –0.296 –1.754** –3.015 –0.493 –1.274* –2.428 –0.120

[Access to green spaces = 3] –0.878* –1.596 –0.161 –1.873** –3.072 –0.674 −0.462 −1.420 0.495

[Access to green spaces = 4] −0.507 −1.090 0.076 –1.390** –2.429 –0.351 −0.108 −0.830 0.614

[Access to green spaces = 5] 0a - - 0a - - 0a - -

[Frequency of street sprinkling = 1] –0.970* –1.833 –0.108 - - - - - -

[Frequency of street sprinkling = 2] –0.824* –1.520 –0.127 - - - - - -

[Frequency of street sprinkling = 3] −0.534 −1.199 0.132 - - - - - -

[Frequency of street sprinkling = 4] −0.449 −1.093 0.196 - - - - - -

[Frequency of street sprinkling = 5] 0a - - - - - - - -

Model Fitting Information: χ2
= 131.870, p < 0.001 χ2

= 88.304, p < 0.001 χ2
= 83.748, p < 0.001

Goodness of Fit: Pearson χ2
= 2628.604, p < 0.01 Pearson χ2

= 1475.595, p < 0.001 Pearson χ2
= 1258.823, p < 0.01

Cox and Snell 0.192 0.282 0.245

Test of Parallel Lines: –2 Log Likelihood: 1097.708,

χ2
= 166.293, p = 0.457

–2 Log Likelihood: 419.653,

χ2
= 86.025, p = 0.999

–2 Log Likelihood: 459.365,

χ2
= 147.220, p = 0.223

Link function: Logit.
aThis parameter is redundant; thus, it is set to zero.

*Significant at the 0.05 level.

**Significant at the 0.01 level.

***Significant at the 0.001 level.
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efforts in the fields of employment, education, and urban
infrastructure construction.

In this study, factors such as gender, age, BMI, health status,
and the number of family members had no significant effects on
residents’ HAC. This is inconsistent with findings suggesting that
the elderly and people with poor health status were heat sensitive
and faced a higher health risk (22, 56, 57). It is to be noted that
the proportion of children and elderly population in the study
was small, and which might lead to a bias of the level of residents’
HAC. However, this finding is similar to research conducted in
Oakland, a coastal metropolis adjacent to San Francisco Bay.
While a high percentage of low-income individuals lived in the
urban center of Oakland, they did not demonstrate significant
heat vulnerability and poor AC due to the lack of green spaces,
old age, or health issues (22). Xiamen is a coastal metropolis
with a large local population of older adults (according to the
data of the 7th National Census, the population of Xiamen aged
60 and above was 493,579, accounting for 9.56%; an increase
of 2.63% from the 6th National Census). Recently, Xiamen
had established an “old-age service system” that is “home-
based, community-supported, institutionally supplemented, and
medical care-combined” covering both urban and rural areas
(58). Xiamen’s well-developed medical infrastructure and “old-
age service system” can help treat the elderly who have suffered
from the effects of heat waves.

Our results indicated that participants who lacked educational
experience might report stronger HAC. However, our study
might not provide a good representation of this group since
only four such participants were surveyed. People with only
high school education or less are associated with higher rates
of heat-related deaths in previous studies (22, 59). Further
research may be needed to investigate whether groups lacking
educational experience are vulnerable and susceptible to heat in
a coastal Chinese metropolis such as Xiamen. This finding also
indicated no statistical difference in the ability of the participants
with higher education levels to cope with hot weather. In
Supplementary Table 3, the education level of participants was
mainly concentrated at the university level and above. It is
undeniable that residents with higher education levels have more
experience and knowledge dealing with the health threats of hot
weather.

We found that participants who spent less than an hour
outdoors reported significantly weaker HAC than those who
spent more than 8 h outdoors, especially in participants from
Xiamen Island. This finding, to the best of our knowledge, is
novel. During the study, we also found that many people who
worked long hours outdoors, such as food delivery workers,
leaflet distributors, marketing staff, and sanitation workers,
indicated strong AC to hot weather. While they believed that
the heat makes their work more difficult and burdensome, they
were not afraid. Another interesting finding in our results is that
the more air conditioning units the participants had in their
households on Xiamen Island, the lower their HAC. Cheung and
Jim (43) found that air conditioning units in poorly ventilated
houses led to the deterioration of indoor air quality, and pressure
in hot weather was also observed. Poor ventilation was associated
with sick building syndrome (SBS) (51, 60). Therefore, we

recommend that residents living on Xiamen Island do not stay
indoors for a long time, and opening windows to get fresh air
is essential.

Monthly household income had been affirmed to reduce heat
vulnerability for residents in several studies (22, 24, 25, 41),
this is consistent with the results of our study. Low-income
individuals in Seoul had a higher mortality rate during hot
weather (61). Low-income families also tended to have higher
heat vulnerability (25) and lack air-conditioning equipment (37).
To be sure, income, as found in previous studies, also plays a role
in reducing heat risk for individuals and households in coastal
metropolitan areas.

Our survey results showed that most participants (43.46%)
from Xiamen Island had resided there locally for more than
10 years. They reported significantly higher HAC than those
who had only lived there for one–three years. However, notably,
the effect of years of local residence was not significant for
participants from other areas of Xiamen. Compared to migrant
workers and graduates who have lived locally for a shorter period,
those who settled in Xiamen Island for a more extended period
were more aware of the heat wave patterns occurring in the area.
Since they know how to access cooling and medical resources
faster, they may be better equipped to cope with the heat. This
reflects the importance of personal experiences in withstanding
natural disasters (62).

Our findings showed that more rooms in household might
have stronger HAC, as reported by participants in the other areas
of Xiamen. The number of rooms and building areas indirectly
reflects the living conditions and economic status of the residents.
Typically, the larger the living area, the better the ventilation
and space for activities. Lim and Skidmore (25) found that
people living in mobile or rented homes were more vulnerable
to extreme heat. However, participants living in houses with a
building area of <50 m2 in the other areas of Xiamen reported
stronger HAC. This may reflect a unique group; renters, who
share a whole house, to save money despite the small sizes of
the rooms. It also indicates that these groups in Xiamen may not
rely on the cooling environment provided by their housing. The
methods and resources renters utilize to cope with heat are worth
exploring further.

In our survey, participants who rarely obtained information
about hot weather (29.74 and 31.48% for Xiamen Island and
other areas of Xiamen, respectively) and who were less likely to
go out to find cooling centers (33.01 and 35.80% for Xiamen
Island and other areas of Xiamen, respectively) accounted for
a large proportion of the participants. The participants did not
seem interested in obtaining information about the hot weather
and cooling centers. Considering the pleasant climate of coastal
metropolitan areas, residents may not have worried about the
effects of high temperatures. In Xiamen, the average number of
air conditioning units reported by participants was 2.43. Since
they had one fan in their households at least, it was considered
adequate cooling equipment, and there was no need for them to
go out and find a public cooling center initiatively.

Various facilities and cooling services, especially green
spaces and sprinkling water on the streets, provided by
the local governments and community groups, had been
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confirmed in this study to have a positive impact on residents’
HAC. Green spaces have been shown to alleviate the urban
heat island effect (52). They provided health benefits for
residents who can enjoy staying under the shade of trees
(53), which could help improve personal HAC. For cities,
sprinkling water on the streets is an effective measure for
mitigating a surface urban heat island (63). Which can also
contribute to a cooler and healthier living environment for
urban residents.

Limitations
One major drawback of this study is that it was only conducted
in one metropolis along the southeastern coast of China.
The sample size of 630 participants is not representative
of the entire population of Xiamen, nor is it representative
of coastal metropolises like Xiamen. Although this study
involved the specific characteristics of individuals coping
with heat risk in material and economic aspects, it did not
explore the impact of environmental differences in nature
and culture on residents’ HAC. Furthermore, we could not
completely rule out subjectivity in the questionnaire survey.
Finally, not all the results can be directly compared with
those of other studies, and further comparative studies are
needed to extend the approach of this study to other
coastal metropolises.

CONCLUSION

In the context of global warming, metropolises are increasingly
becoming threatened by extreme heat such that those lacking the
measures and capacity to withstand heat-related disasters may
experience severe losses. It is essential to focus on the regional
prerequisites of Xiamen compared with other countries and
climate zones, and gain insight into residents’ HAC at multiple
scales for detailed, targeted strategies against extreme heat. For
this, a questionnaire survey was conducted among residents of
Xiamen to gather information about their HAC. The findings and
methods employed in this study can be easily extended to other
similar coastal metropolitan areas. This investigation is vital for
urban residents and local governments because extreme heat
events are directly related to human health and community well-
being. For cities, authorities urgently need to develop people-
centered preparedness plans and disposal measures to reduce
heat disaster losses and achieve sustainable urban development
for the decades to come.

There is a spatial heterogeneity in the factors influencing
residents’ HAC, and the influencing mechanisms of individual
characteristics and socioeconomic conditions also vary across
different areas of Xiamen city. In our study, groups sensitive to
heat in previous studies, including local residents and outdoor
workers on Xiamen Island and people with lower education levels
and renters in other areas of Xiamen, did not show low HAC
levels. Further research should explore why these groups may be
well-equipped to cope with hot weather.

Our findings confirmed the role of monthly household
income, the convenience of accessing green spaces, and city
cooling services in improving residents’ HAC and living
environments. Local governments and community groups
should implement targeted plans to prevent potential health
injuries to residents with lower household income levels during
extreme heat events. Authorities in Xiamen should create plans
for urban green spaces and provide cooling services, like
sprinkling water on the streets during hot days, which would
mitigate the damage caused by extreme heat events and improve
residents’ HAC.
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Human papilloma virus (HPV) vaccine for adolescents was recommended as an effective

prevention strategy of HPV-related cancers. In Vietnam, HPV vaccination has not been

introduced to male adolescent. This study was conducted to examine the acceptance

of having boys vaccinated against HPV and its underlying reasoning, and to identify their

parent’s willingness to pay (WTP) for HPV vaccination in central Vietnam. 785 parents of

boys were directly interviewed based on a structured questionnaire. Parent’s acceptability

of HPV vaccine for their sons was identified by one question with response on 3-point

scale (agree, don’t know, and disagree). Multivariate logistic regression model was used

to determine contributing factors to participant’s acceptance. Bidding gamemethod was

applied to elicit WTP values for HPV vaccination with initial bid of 161.2 USD. The results

showed that 49.2% of parents agreed to have their sons vaccinated against HPV. Factors

that influenced parent’s acceptance including son’s age older than 12 years (OR = 1.5;

95% CI: 1.08–1.98); being eldest son (OR = 1.6; 95% CI: 1.13–2.19), being mother (OR

= 1.4; 95% CI: 1.01–1.91), parents with high educational level (OR= 1.7; 95% CI: 1.11–

2.47) and their knowledge of HPV and HPV vaccine (OR = 1.8; 95% CI: 1.23–2.65).

Average WTP value for full doses of HPV vaccine was 137.5 USD, ranging between

9 USD and 188.3 USD. Parents’ knowledge of HPV and HPV vaccine was the only

factor affecting WTP value (Rho: 0.11; p-value: 0.030). The findings suggest a strategy

be introduced for HPV vaccination to male adolescents in Vietnam.

Keywords: HPV vaccine, acceptance, parents, male adolescent, willingness to pay

INTRODUCTION

Human papilloma virus (HPV) is a common group of viruses that are mainly transmitted through
sexual contact. Globally, HPV infection has been considered as one of the most common viral
infections with an estimation of 32.1%HPV-positive women in 2011. In men, the global prevalence
rate of genital HPV infection is almost similar to that in women (2–44%). The prevalence of HPV
infection is higher in developing countries and young people (1). There are more than 100 HPV
types, and high-risk types are responsible for oropharyngeal cancers and anogenital cancers in
both sexes such as cervical, anal, vulvar, vaginal, and penile cancers. Worldwide, cervical cancer
is ranked fourth among most common cancers in women with an estimated 570,000 new cases in
2018 representing 7.5% of all female cancer deaths: more than 85% of these occurred in low- and
middle-income countries (2, 3).
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Human papilloma virus vaccine has been considered as an
effective prevention strategy for HPV-related cancers. Until now
there are three HPV vaccines, Cervarix for females, Gardasil
and Gardasil-9 for females and males, which are licensed by the
US Food and Drug Administration (FDA) (4). The Centers for
Disease Control and Prevention (CDC) in the USA recommends
HPV vaccination for adolescents aged 11–12 years, but it can
start at age 9 through 26 if they were not adequately vaccinated
previously. Two doses of HPV vaccine are recommended for
adolescents ages 9–14 while three-dosed schedule is for people
ages 15–26 (5).

According to WHO, 100 countries introduced HPV vaccine
into their national vaccination program by 2019; however, they
have focused on girls and young women as target population
(6). Medical literature proved that HPV vaccination of boys
has many benefits including preventing genital warts and HPV-
related anogenital and oral cancers in men, preventing anal
cancer in MSM group (Men who have Sex with Men) as well as
preventing transmission of HPV to female sexual partners, which
would decrease HPV-related anogenital cancers in women (7),
but HPV vaccination for adolescent boys was approved in few
countries and therein rates of vaccine coverage in this group have
still much lower than in female group (8–11). Currently, a meta-
analysis from 79 studies in 15 countries revealed that proportion
of HPV vaccine uptake among parents for their daughters, sons,
and both was 46.5, 20.3, and 39.8%, respectively (8). For the
countries which offered HPV vaccination for boys, common
reasons to impede HPV vaccine uptake among the parents were
limited knowledge of HPV vaccine benefits for boys, awareness
of availability of HPV vaccine for males, and out of pocket cost of
the vaccine (12–16).

In Vietnam, the prevalence of HPV infection among women
varied across population ranging between 2 and 11% (17).
Information about HPV infection in men was still limited.
However, current reports showed that prevalent rate of HPV
infection was 25% amongmale patients with sexually transmitted
infections (STIs) and was 23 to 79.6% among patients with penile
cancer (18, 19). In 2008, the Ministry of Health approved two
types of HPV vaccines including Cervarix and Gardasil with
the purpose of preventing cervical cancer for girls and young
women. Because these vaccines are not included in the expanded
immunization program of the country, users must pay for HPV
vaccination, ranging from 45 to 100 USD per dose depending
on the provider. Consequently, coverage of HPV vaccination in
target group in Vietnam was low. One of the main obstacles in
expanding the HPV vaccination program was thought to be lack
of national budget for the implementation. Presently, with the
support of some international organizations, Vietnamwould plan
the expansion of HPV vaccination in the country in accordance
with the priorities of the local health sector. Consequently, users
only pay a much lower price than market price to receive HPV
vaccine (20). However, target population for the expansion is still
girls only. In line with recommendation of HPV vaccination for
males as one of effective solutions for fighting cervical cancers
in females as well as HPV-related cancers in both sexes (7),
the present study was conducted with the aim of examining
acceptance for HPV vaccination for boys and its deciding factors

among their parents, and identifying willingness to pay for
HPV vaccination for their son. Findings from the study would
provide evidences to support Ministry of Health to introduce
HPV vaccine to male adolescents in the country.

MATERIALS AND METHODS

Study Setting and Participants
A cross-sectional study was conducted at secondary schools in
Hue city which is the capital of Thua Thien Hue province
located in central Vietnam. The city has 27 wards which are
administrative divisions of the city. These wards are divided
into two regions, north and south of Huong river. In 2020, the
city has 24 secondary schools with 19,600 students. In Vietnam,
secondary schools include 4 grades from sixth to ninth grade,
which usually involve students ages 11–15.

The study randomly selected four schools as representatives
of geographical regions of the city. Two schools are among 13
schools on the north and others are among 11 schools on the
south of the river; then at each region, one school in the central
city and another in its periphery were also randomly chosen on
the basis of their location on the map of the city. Participants,
who were parents of male students and agreed to enroll in the
study, were invited to interview. In each school, we conducted
interviews after class with the support of homeroom teachers. A
total of 785 parents completed the interview giving a response
rate of 92.6%.

Data Collection
Data were collected inDecember 2020 when all schools organized
a parent meeting at the beginning of a new school year. After
the meeting finished, parents were interviewed directly at the
classroom using a structured questionnaire. The interviewers,
who were staff and graduated students of the Faculty of Public
Health in University of Medicine and Pharmacy, Hue University,
were trained on the content of the questionnaire and skills
of interview.

Instruments
Structured Questionnaire
The questionnaire consisted of three parts: part 1 was personal
characteristics of participants and their sons, family history of
HPV-related diseases and HPV vaccination of sons; part 2 was
questions to assess parent’s knowledge of HPV infection andHPV
vaccine; and part 3 was about parent’s acceptance and the price of
WTP for HPV vaccination for their sons. The questionnaire was
pre-tested on 20 random parents of boys ages 11–15 in Hue city
and revised before implementing data collection. These parents
were not selected from study settings.

Assessment of Knowledge About HPV Infection and

HPV Vaccine
The knowledge about HPV infection and HPV vaccine was
measured by 14 statements (true/false/don’t know), with the
convention that 1 point for a correct answer and 0 point for
wrong or “don’t know” answer. The maximum possible total
score for knowledge was 14. The knowledge was rated as “good”
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for total score of 7 and above; total scores below 7 were
characterized as “not good.” The questions about knowledge
of HPV infection and its vaccine were developed on the basis
of document on HPV of CDC (21). The reliability of the tool
assessing knowledge was evaluated using Cronbach’s alpha. The
results showed that the internal consistency of the tool was good
with Cronbach’s alpha of 0.90.

Acceptance and Eliciting WTP
Parent’s acceptability of HPV vaccine for their sons was identified
by one question “do you agree to vaccinate against HPV for
your son?” with response on 3-point scale (agree, don’t know,
disagree). Parents who chose the answer “agree” were continued
to be interviewed to obtain a maximum price that they were
willing to pay for full doses of HPV vaccine for their son. The
bidding game method of contingent valuation was used to elicit
WTP price for two doses of Gardasil vaccine. In this study, the
initial bid was 3,580,000 VND (about 161.2 USD) that was the
current market price for two doses of Gardasil at the time of the
survey. The parents would be asked “are you willing to have your
son vaccinated against HPV with a price of 3,580,000 VND?” If
the answer was “yes,” the next questions would increase price
incrementally by 200,000 VND (9 USD) until the answer was
“no.” Then maximum WTP was final price that received the
answer “yes.” If their answer was “no,” the next questions would
decrease price incrementally by 200,000 VND until the answer
was “yes,” and that was maximumWTP. These incremental levels
were on the basis of pre-survey on 20 parents of boys ages 11–15
in Hue city. In the study, the lowest price was suggested to be
2,980,000 VND (134.2 USD); however, parents could choose any
price in case they could not accept that lowest price. WTP price
was presented in both VND and USD. The exchange rate used
was that in effect on December 15, 2020 (1 USD= 22,203 VND).

Data Analysis
Descriptive statistics including frequency and percentage was
used to summarize the personal characteristics of parents and
their sons and the acceptability of HPV vaccination for sons.
Multivariate logistic regression model was employed to identify
the determinants of parent’s acceptability of HPV vaccination for
their sons.WTP forHPV vaccination was presented bymean, SD,
median, and min–max. However, data of WTP was not a normal
distribution; non-parametric tests (Mann–Whitney U test was
used to compare two groups and Kruskal–Wallis test was used
to compare three groups) and spearman correlations were used
to reveal factors affecting WTP price. An alpha value of 0.05 was
considered statistically significant.

RESULTS

Characteristics of Participants and Their
Sons
Table 1 describes the main characteristics of 785 parents and
their sons. Two-thirds of the participants were mothers. Mean
age of parents was 42.9 (SD = 6.1) ranging between 29 and 62.
Their educational levels were rather high with 44.8% of them
attaining college degree or higher. More than half of the parents

had unstable income. Twenty-one participants (2.7%) had no
income; they were either unemployed or housewife. Most of the
participants were maintaining marital status (94.6%). There were
24 parents (3.1%) whose households were classified as poor or
near poor. Almost all of them (98.1%) reported that no one
of their family suffered a HPV-related disease. The number of
children of each parent ranged from 1 to 7 (mean 2.2; SD = 0.7)
and their average number of sons were 1.5 (SD = 0.6) ranging
between 1 and 5. Majority of the parents indicated that both
father and mother were responsible for making decision on their
children’s health. The number of male students whose parents
participated in the study was distributed higher into sixth and
seventh grades. Their mean age was 12.4 years (SD= 1.2) ranging
between 11 and 15. More than half of the boys were the eldest
son. There were 22 sons (2.8%) who suffered either a chronic
disease or a birth defect. None of boys was vaccinated against
HPV before.

The knowledge about HPV and HPV vaccine of parents was
described in Table 2. More than two-third of them had not
ever heard of HPV. Only 18.9% of parents achieved good level
of knowledge of HPV infection and HPV vaccine. Information
including benefits of vaccine against HPV infection and HPV-
related cancers, sex at risk due to HPV infection and who
should be vaccinated against HPV were known by a larger
percentage of the parents. In contrast, only a few of parents
(<8%) knew ideal age to receive HPV vaccination, dose of
HPV vaccine for children under 15 years old, and asymptomatic
HPV infection.

Acceptability of HPV Vaccine for Boys and
Its Determinants
The study showed that 49.2% of the parents agreed to have their
son vaccinated against HPV vaccine.

Results from multivariate logistic regression analysis revealed
factors affecting parents’ intention to have their sons vaccinated
(Table 3). Parents of the boys who were older than 12 and were
the eldest son were likely 1.5 times (OR = 1.5; 95% CI: 1.08–
1.98) and 1.6 times (OR = 1.6; 95% CI: 1.13–2.19) to accept
HPV vaccination for their sons more than their counterparts,
respectively. The mothers were 1.4 times more likely than the
fathers to agree to have their son HPV vaccinated (OR =

1.4; 95% CI: 1.01–1.91). The parents with good knowledge of
HPV infection and HPV vaccine were more likely to accept
HPV vaccine compared to those with worse knowledge (OR
= 1.8; 95% CI: 1.23–2.65). The parents who attained college
degree or higher were more likely to get HPV vaccine for their
sons than those with a lower level of education (OR = 1.7;
95% CI: 1.11–2.47).

The study did not find a significant association between
participant’s acceptance of HPV vaccination for their sons
and other variables including demographical characteristics of
parents, their marital status and occupation, economic situation
of household, family history of HPV-related diseases, number of
children, number of sons, and disease of sons (p-values > 0.05)
(Supplementary Table 1).
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TABLE 1 | Characteristics of participants and their sons (n = 785).

Participants n Percentage

Relations with

students

Mother 472 60.1

Father 313 39.9

Age (years) Mean (SD): 42.9 (6.1) Median: 42

Min: 29

Max: 62

Educational level Secondary school and

lower

249 31.8

High school 184 23.4

College and higher 352 44.8

Occupation Stable income 349 44.4

Unstable income 415 52.9

No income 21 2.7

Marital status Living with

wife/husband

743 94.6

Separation/divorce/

widowed

42 5.4

Economic

classification of

household

Poor/near poor 24 3.1

Normal 761 96.9

Family history of HPV

related diseases

Yes 15 1.9

No 770 98.1

Number of children Mean (SD): 2.2 (0.7) Median: 2 Min: 1 Max: 7

Number of sons Mean (SD): 1.5 (0.6) Median: 1 Min: 1 Max: 5

Decision-maker on

children’s health

issues

Father 65 8.3

Mother 199 25.3

Both 521 66.4

Their son

Grade Sixth 207 26.4

Seventh 226 28.8

Eighth 165 21.0

Ninth 187 23.8

Age (years) Mean (SD): 12.4 (1.2) Median: 12

Min: 11

Max: 15

The eldest son Yes 416 53.0

No 369 47.0

Chronic diseases/birth

defect

Yes 22 2.8

No 763 97.2

Have been vaccinated

against HPV

Yes 0 0.0

No 785 100

Willingness to Pay for HPV Vaccination for
Sons
On average, WTP amount for two doses of HPV vaccine was
3,053,005 VND (about 137.5 USD) ranging from 200,000 VND
(9 USD) to 4,180,000 VND (188.3 USD). Among the parents who
accepted to get their sons vaccinated, 63.7% of them were willing
to pay <3,580,000 VND (161.2 USD) for two doses of Gardasil
(Table 4).

Table 5 showed that the knowledge of HPV and HPV
vaccine was the only factor associated with WTP price for
HPV vaccination among parents. This is a positive but
weak correlation (Rho: 0.11). No other variables were found

TABLE 2 | Knowledge about Human papilloma virus (HPV) and HPV vaccine of

the parents (n = 785).

n Percent

Heard of HPV

Yes 208 26.5

No/don’t remember 577 73.5

Knowledge about HPV and HPV

vaccine

Good 148 18.9

Not good 637 81.1

Right answers about HPV

HPV is a sexually transmitted

disease

144 18.3

There are many types of HPV 130 16.6

HPV may infect both sexes 178 22.7

HPV can infect you without

symptom

56 7.1

HPV infection can cause genital

warts

116 14.8

HPV infection can cause cervical

cancer in women

156 19.9

HPV infection can cause penis

cancer in men

112 14.3

HPV infection can cause other

anogenital and oropharyngeal

cancers in both sexes

136 17.3

HPV infection can be prevented by

vaccine against HPV

197 25.1

HPV-related cancers can be

prevented by vaccine against HPV

198 25.2

Vaccine is used for people who are

diagnosed free HPV infection

176 22.4

Both sexes are vaccinated to

prevent HPV infection

191 24.3

The greater immune response to

vaccinate against HPV is at ages 11

or 12 years

31 3.9

Children under 15 years old need

two doses of HPV vaccine

58 7.4

significantly related to WTP price for HPV vaccination in the
study (p > 0.05) (Supplementary Tables 2A,B).

DISCUSSION

Acceptability of HPV Vaccine for Boys
One noticeable finding is that no participant reported prior
HPV vaccination for their sons (Table 1). In line with the
recommendation ofWHO, Vietnam introduced HPV vaccine for
girls ages 9–13 as a public health measure against cervical cancer
(20, 22). Accordingly, communication messages encouraging
HPV vaccination have focused on adolescent girls. A study
by Tran et al. (23) in Hanoi reported that 100% of the male
participants thought HPV vaccine was for females only. Authors
also indicated that women were more interested in information
of HPV vaccine than men. In our study, although two-thirds of
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TABLE 3 | Factors related to acceptability of parents for HPV vaccination for their

sons*.

Factors OR 95% CI p-value

Age of son ≤12 1

>12 1.5 1.08–1.98 0.014

The eldest son No 1

Yes 1.6 1.13–2.19 0.007

Relations with

son

Father 1

Mother 1.4 1.01–1.91 0.046

Educational level Secondary school

and below

1

High school 1.3 0.89–2.03 0.149

College and higher 1.7 1.11–2.47 0.013

Knowledge of

HPV and HPV

vaccine

Not good 1

Good 1.8 1.23–2.65 0.003

*This table presented only results which showed statistically significant associations.

TABLE 4 | Willingness to pay for HPV vaccination for sons among the parents

(n = 386).

VND USD

Mean (SD) 3,053,005

(763,645)

137.5

(34.4)

WTP Median 3,180,000 143.2

Range 200,000–

4,180,000

9–188.3

Number of participants at WTP levels (cut off point = market price

of Gardasil vaccine)

Cut off point = 3,580,000 VND ($162 US) n Percentage

<cut off point 246 63.7%

≥cut off point 140 36.3%

TABLE 5 | Factors associated with WTP for HPV vaccine among the participants

(n = 386).

WTP

Total mean score of knowledge Rho 0.11

p-value 0.028

the parents were mothers, only 26.5% of them had ever heard
of HPV or HPV vaccine (Table 2). This result was much lower
than that those in previous studies in Vietnam and in the world
(24–27). Nguyen et al. (24) found that 71.3% of women ages 18–
49 in Hanoi were aware of HPV vaccine. A study in Thailand
reported that 52% of the parents had heard of HPV and HPV
vaccine (25). Sitaresmi et al. (26) showed that 49.2 and 48.8%
of the parents in Indonesia had known about HPV infection
and HPV vaccine, respectively, and there were 70.5% of the
parents in Texas, USA who knew these issues (27). As a result,
our participants had lack knowledge of HPV and its vaccine.

Only 18.9% of the parents achieved good level of knowledge
about HPV and HPV vaccine. Questions of benefits of vaccine
against HPV received the highest percentage of correct answers
while only a few of the parents knew correctly the ideal age
for receiving vaccine and the recommended number of doses
of vaccine for adolescents under 15 years old (Table 2). The
results were similar to those of Nguyen et al. (24) among child-
bearing aged women in Hanoi. Communication efforts should be
improved to provide comprehensive information about HPV and
its vaccine, especially including male adolescents as part of the
target group. Not only does HPV vaccination for male protect
them from getting HPV-related cancer, but also prevent the
transmission of HPV to female sexual partners. This is necessary
in light of the low coverage of HPV vaccination among girls and
gender imbalance in Vietnam (28, 29).

Although the level of awareness of HPV and HPV vaccine was
low among parents in the study, nearly half of them agreed to
have their sons vaccinated against HPV in the future. The results
from the multivariate analyses indicated that the strongest factor
for accepting HPV vaccination was knowledge of HPV and HPV
vaccine among the parents.

This finding is consistent with many previous studies in
Vietnam as well as in other countries (20, 25, 31). A study in
Thailand found that parents with better knowledge were related
to higher acceptance of HPV vaccination for their children (25).
A systematic review by Rodriguez et al. (30) showed similar
findings. In Vietnam, Nguyen Minh et al. (31) demonstrated
that a health education program on HPV knowledge improved
the vaccination intention among mothers of teenage boys.
Experiences from many countries also confirmed that in order
to accept a vaccine, the population must have background
knowledge about the importance of the vaccine and its safety
(32, 33). Understandably, highly educated parents should have
had more access to information sources regarding HPV and
HPV vaccine and thus they were more willing to get their sons
vaccinated against HPV than those with lower educational level.
Our finding agreed with a study by Kimberly et al. (9) in the
USA. However, in contrast to higher acceptation of the fathers
toward vaccination for their children described in that study,
we found that mothers expressed more desire to have their son
HPV- vaccinated. This is explained by the difference in culture.
In Vietnamese traditional society, mothers are expected to take
good care of their children; they have stronger willingness to
protect their children from diseases through vaccination. The
finding is supported by a study in China which has the same
familial culture (34). The Vietnamese traditional culture also
explains for more willingness to get HPV vaccination for eldest
son among the participants. According to this viewpoint, father
and eldest son are decision-makers and spokespersons in a family
(35). Son’s age was also a factor in the parent’s decision in the
present study. The parents of boys older than 12 expressed more
acceptances to have their son vaccinated than those of younger
ones. This is in line with earlier studies. The parents thought that
vaccination would affect a child’s physical development (36) or
believed that their children were not at risk because of no sexual
activity (10, 13, 36, 37). The perception of the parents could lead
to a missed opportunity to prevent their children from HPV
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infection. Indeed, a survey in Vietnam in 2009 found that 44% of
adolescents age 14 or older had pre- marital sex, and the majority
of them had unsafe first intercourse (38). Communication should
emphasize the need of getting the vaccine before the first
sexual experience and clearly indicate that a greater immune
response can be achieved when vaccination happens at age
11 or 12 (5, 21).

WTP for HPV Vaccination
The present study showed that there was a demand to get the
sons vaccinated against HPV among their parents. Average WTP
price was 137.5 USD for full doses of HPV vaccine, accounting
for 6% of annual income per capita in 2020 in Vietnam (39).
This value is 23.7 USD lower than current market price of two
doses of Gardasil vaccine. Recently, Tran et al. reported that
adult men were willing to pay an average amount of 166.2 USD
for three-dosed course of HPV vaccine, accounting for nearly
7% of annual income per capita in Vietnam in 2016 (16). It is
suggested that two doses of HPV vaccine for adolescents not
only provide the most effective protection, but also save money
for households. Average elicited WTP price was higher than
that from earlier studies done in the world in terms of absolute
monetary values as well as compared to annual income per
capita. The average WTP for full dose of HPV vaccine was 8.85
USD in Ethiopia (40), 11.88 USD in Nigeria (41), 5.26 USD in
Malaysia (42), a range of 9.23 USD to 30.78 USD in Thailand
(43), and 252.71 USD in Chile (44). Apparently, the success
in National Expanded Immunization Program in Vietnam has
persuaded parents to believe in vaccine programs as a worthwhile
investment for their children’s health. Although the participants
expressed a desire to get HPV vaccine for their son, two-thirds
of the respondents were willing to pay the amount of money that
was lower than themarket price. The aforementioned studies also
confirmed that cost of vaccination was a barrier to HPV vaccine
uptake (30, 37, 45, 46). The Government’s subsidies should be
considered when it introduces HPV vaccine for male adolescents
in the country.

The knowledge of parents about HPV and its vaccine were
the only factor affecting WTP price from the study; however,
this correlation was weak. A better awareness of HPV and
HPV vaccine by the participants raised their WTP price for
HPV vaccination. Similarly, studies found that individuals who
recognized high risk of COVID-19 tended to pay more for
vaccine than those who saw it as low risk (47, 48). Cerda et al. (49)
also emphasized the importance of providing knowledge about
COVID-19 to people to combat the pandemic.

The study has some limitations. First, this is a school-based
survey; the sample was randomly selected but based on a list
of parents who were present at the parent meeting of the
school. Selection bias could be a potential problem. Second, the
study was conducted in Hue city where many of traditional
family values remained unchanged. In addition, income per
capita in study setting was much lower than that in big cities
of Vietnam. These can limit ability to generalize findings of
the study. Third, the incremental level by 200,000 VND that
resulted from a pilot survey could limit choice of respondents.
Despite these limitations, this is the first study in Vietnam to

identify the demand of HPV vaccine for male adolescents among
their parents. The results can support health policy makers to
introduce HPV vaccination for males in the country.

CONCLUSION

There was a demand for HPV vaccination for male adolescents
among our sampled parents; however, their WTP price for the
current vaccine was lower than its market price. Public awareness
of HPV and HPV vaccine for both sexes need to be strengthened
and sustained. The vaccine against HPV should be introduced
to male adolescents besides girls and young women in Vietnam.
Government’s subsidies should be considered to encourage HPV
vaccination for both sexes in the country. This will contribute to
reduce not only HPV-related diseases in men, but also the risk of
cervical cancer in women.
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The number of patients in a hospital is a direct indicator of patients’ choice of hospital,

which is a complex process affected by many factors. Based on the national medical

system and patients’ preference for high-grade hospitals in China, this study establishes

a three-dimensional differential equation model for calculating the time variation of the

number of visits to three grades of hospitals. We performed a qualitative analysis of the

system. We carried out a subsequent numerical simulation to analyze the impact on

the system when the rate of leapfrog treatment and the maximum capacity of doctors

and treatments changed. The results show that the sustainability of China’s three levels

of hospitals mainly depends on the level of hospital development. The strength of

comprehensive health improvement at specific levels is the key to increasing the service

efficiency of medical resources.

Keywords: patients’ choice of hospital, number of visits, differential equation model, qualitative analysis,

simulation analysis

INTRODUCTION

Hospital selection is the first step for a patient to seek medical treatment, which is a complex
process affected by many factors, including the patient’s medical behavior, the location of the
hospital, the hospital’s medical competencies, and the general medical system (1, 2). In the UK,
general practitioners complete 90% of outpatient and emergency visits, and the referral rate by
general practitioners to specialists is only 5% (3, 4). The number of cases handled by primary
medical institutions in the United States, Australia, and Canada exceeds 80% (5–7). Meanwhile,
the Chinese medical system is overly dependent on urban large-scale general hospitals for primary
medical treatment. Rather than considering the severity of their illness, many Chinese patients
choose a hospital based on the comprehensive nature of its medical facilities (e.g., the convenience
of location, medical insurance, and other conditions), which is not conducive to the long-term
development of themedical system (8–10). The leading cause of this phenomenon is the insufficient
supply and uneven distribution of high-quality medical resources in the country and the lack
of reasonable procedures available for patient medical treatment (11). To address this issue, the
Chinese government began reforming the medical system in 2009. Officials suggested it was
necessary to increase the capital input of grassroots-level hospitals and strengthen the training of
their medical personnel to balance the allocation of high-quality medical resources and relieve the
pressure on large urban hospitals from the high demand for treatment (12, 13).

Considering the scientific literature on patients’ choice of hospital, scholars have done
questionnaire surveys, and descriptive statistics (14–17), multiple logit and utility maximization
nested logit models (2, 18–21), cross-sectional studies (22), demand models (23), dynamic models

88
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(24), and game models (25). The process of hospital selection
changes with time, and the differential equation model is a
suitable method for expressing the temporal nature of this
process. It can reveal the internal dynamic relationship of actual
events and help us predict future developments, providing a
basis for making better decisions. In the fields of economics
(26, 27), epidemiology (28), and sustainable science before (29)
have applied differential equation models. However, they have
had few applications for patients’ choice of hospital.

Therefore, based on the preference of Chinese patients for
choosing a higher-than-average grade of hospital, this study
establishes a differential equation model for hospital selection by
patients and analyzes the temporal development of this process
assuming that China’s medical policy does not change. Because
the topological structure of this model is irreversible, it can well
describe the influence of patients’ high medical preferences on
the system. At the same time, the sensitivity of the parameters
can be discerned through the numerical simulation of changes in
the model parameters to provide a reference for decision makers
to allocate medical resources rationally.

The remainder of this paper is organized as follows: Section
China’s Healthcare System introduces the status quo of China’s
medical system and patients’ medical preferences, section Model
Description describes the process of establishing the model,
section Equilibrium Points and Stability Analysis provides
an analysis of the existence of the equilibrium point under
different parameters of the model and an analysis of the
conditions of equilibrium stability, section Simulation Analysis
details the numerical simulation to prove these analyses, and
Section Conclusions summarizes the study and provides some
suggestions for medical policy regulations.

CHINA’S HEALTHCARE SYSTEM

Since the foundation of the People’s Republic of China, the
Chinese government has been improving the fairness and
accessibility of medical resources. However, many issues remain
(30, 31). To provide residents with systematic and continuous
medical services, the hierarchical design of China’s hospitals is
highly robust. Hospitals are categorized into three levels based on
a comprehensive range of factors (e.g., functions, facility levels,
and quality of medical services): first-level hospitals (FLHs)
mainly providing daily healthcare services for nearby patients,
second-level hospitals (SLHs) providing medical services for
patients, and third-level hospitals (TLHs), primarily responsible
for treating severe diseases. Since its establishment, China’s
medical system has made significant progress, the average
life expectancy has dramatically improved, and the neonatal
mortality rate has significantly decreased.

Nonetheless, China’s healthcare system faces extraordinary
challenges under the social background of a large aging
population, urbanization, and changes in the spectrum of
diseases. The allocation of high-quality medical resources
in China is imbalanced, with TLHs mainly concentrated in
economically developed cities and fewer high-quality medical
resources in economically underdeveloped areas. Consequently,

one of the most severe problems facing the Chinese medical
system is the difficulty and high cost of receiving medical
treatment. Not all residents can enjoy high-quality, continuous,
and affordable medical services (32–34).

China lacks an effective primary care system (35). Since the
late 1970s, the country has not implemented an area-based
designated medical treatment policy for residents, so people
freely choose hospitals. Thus, patients from different regions
and with other diseases can enjoy the same health services,
which provides more significant space for the development of
medical institutions. However, because themedical resources and
the conditions of FLHs are not as good as those of SLHs and
TLHs, patients’ trust in FLHs is low (10, 36). Many patients use
their freedom to seek medical treatment in any establishment
to choose SLHs and TLHs that are higher than the level they
require, which puts an unreasonable burden on such facilities.
It reduces the treatment opportunities for patients with severe
illnesses in need of high-quality medical resources and increases
the difficulty and cost of treatment. Additionally, the number of
visits to SLHs and TLHs has been rising. The volume of diagnoses
and treatments in TLHs has declined, resulting in excessive
medical resources in SLHs and TLHs and insufficient medical
resources in FLHs. Such conduct disrupts the standard order of
therapy and is not conducive to the sustainable development of
China’s medical system.

Another problem is funding. Coupled with low financial
investment by the Chinese government, the registration fee and
outpatient price of doctors are insufficient to preserve the public
service nature of hospitals. Hence, examination, treatment, and
medicine have become high, increasing hospitals’ revenues. It has
led to the Matthew effect between hospitals, that is, the more
patients admitted to TLHs and SLHs, the higher the income of
TLHs and SLHs, the fewer patients admitted to FLHs, the more
serious the shortage of high-quality medical resources, as shown
in Table 1 (38, 39).

Overall, many factors influence the current medical
preferences of Chinese residents. Still, if we don’t address
them, these problems may lead to the collapse of the healthcare
system (12, 40). For China’s healthcare reform to succeed in the
long term, the government must ensure sustainable funding,
improve technology in primary hospitals, address the shortage of
general practitioners, and make systematic healthcare affordable
for citizens.

In 2016, to improve the medical situation in China, the
Chinese government issued Healthy China 2030, which focuses
on improving the fairness of medical care in urban and rural
areas to optimize public healthcare systems (36). The policy is an
important measure to narrow the gap between China’s healthcare
system and developed countries and provide residents with the
higher health standards of such countries.

MODEL DESCRIPTION

The purpose of the Chinese hospital grading design is to enable
patients to receive reasonable and continuous medical services
according to the severity of their illness. However, the number of
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TABLE 1 | The medical resources and services of Chinese hospitals in 2019 (37).

Classification Number of hospitals Certified doctors Number of beds Number of visits (10,000)

FLHs 11,264 135,471 651,045 22,965

SLHs 9,687 720,121 2,665,974 134,343

TLHs 2,749 1,030,988 2,777,932 205,701

Total 23,700 1,886,580 6,094,951 363,009

patients choosing a higher hospital grade when seeking medical
treatment exceeds normal demand, which is not sustainable for
the long-term development of China’s medical system. If the
Chinese government does not intervene, the future of people’s
choice of hospitals will stunt the progress of development in
China’s healthcare system.

The number of hospital visits can reflect the choice of hospital.
To explore the future state of Chinese patients’ choice of hospital,
we made assumptions based on the current actual medical
conditions in China.We established a differential equationmodel
of the number of visits to hospitals of each level over time. The
establishment process of the model is described below.

We assume that the system is closed, and the number of visits
is continuous and a differentiable function. We use x(t), y(t), and
z(t) for the number of visits to FLHs, SLHs, and TLHs at time t,
and x0, y0, and z0 to represent the initial value when t = 0.

Due to resource limitations, the growth rate of the number
of visits also conforms to the natural law of restraining growth,
it will gradually decrease with the increase in the number of
visits. When the number of visits reaches maximum capacity, its
growth rate will be zero and no longer increase. Thus, we use
r(x), r(y), and r(z) to represent the growth rate of the number of
visits to FLHs, SLHs, and TLHs, respectively. Thus, the following
expression is obtained:

r(x) =

{

rf , x(t) = 0,

0, x (t) = mf ,
(1)

r(y) =

{

rs, y(t) = 0,
0, y (t) = ms,

(2)

r(z) =

{

rt , z(t) = 0,
0, z (t) = mt ,

(3)

where rf , rs, and rt indicate the inherent increase rate of the
number of visits to FLHs, SLHs, and TLHs, and they reflect the
number of visits to an ideal state without resource constraints.
mf , ms, and mt represent the maximum capacity of the number
of visits of FLHs, SLHs, and TLHs, respectively. Therefore, the
above three equations can be expressed as:

r(x) = −

rf

mf
x(t)+ rf , (4)

r(y) = −

rs

ms
y(t)+ rs, (5)

r(z) = −

rt

mt
z(t)+ rt . (6)

Then, the process of the number of visits to the three levels of
hospitals changing over time can be expressed as:















dx(t)
dt

= r(x)x(t) = −

rf
mf

x2(t)+ rf x(t),

dy(t)
dt

= r
(

y
)

y (t) = −
rs
ms
y2 (t) + rsy (t) ,

dz(t)
dt

= r(z)z(t) = −
rt
mt
z2(t)+ rtz(t).

(7)

We know that a substantial number of patients prefer high-
level hospitals for medical treatment. We used α to indicate the
leapfrog medical treatment rate from FLHs to SLHs, β to indicate
the leapfrog medical treatment rate from SLHs to TLHs, and η

to represent the leapfrog medical treatment rate from FLHs to
TLHs. Accordingly, αx represents the number of visits from FLHs
to SLHs per unit of time, βy represents the number of visits from
SLHs to TLHs per unit of time, and ηx represents the number of
visits from FLHs to TLHs per unit of time. Thus, Equation (7) can
be rewritten as:















dx(t)
dt

= −

rf
mf

x2(t)+ rf x(t)− αx(t)− ηx(t),

dy(t)
dt

= −
rs
ms
y2(t)+ rsy(t)+ αx(t)− βy(t),

dz(t)
dt

= −
rt
mt
z2(t)+ rtz(t)+ ηx(t)+ βy(t).

(8)

Additionally, the number of visits will decrease due to deaths
in the population and patients abandoning treatment. We define
cf , cs, and ct as the churn rate of the number of visits to FLHs,
SLHs, and TLHs, so the loss of their number of visits per unit of
time are cf x(t), csy(t), and ctz(t), respectively. Finally, Equation
(8) can be expressed as:















dx(t)
dt

= −

rf
mf

x2(t)+ rf x(t)− αx(t)− ηx(t)− cf x(t),

dy(t)
dt

= −
rs
ms
y2(t)+ rsy(t)+ αx(t)− βy(t)−csy(t),

dz(t)
dt

= −
rt
mt
z2(t)+ rtz(t)+ ηx(t)+ βy(t)− ctz(t).

(9)

where rf , rs, rt > 0,mf ,ms,mt > 0, cf , cs, ct > 0, and α,β , η >

0 are certain constants.
This non-linear system (9) describes the changes in Chinese

patients’ visits to hospitals of this level over time. In the next
section, we focus on finding the equilibrium points of the system
and analyzing their stability, which is very important for practical
applications, because, in reality, the initial data or parameters
of each system will inevitably change. According to the analysis
results, we can estimate the development status of hospitals at all
levels in China.
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EQUILIBRIUM POINTS AND STABILITY

ANALYSIS

Equilibrium Points
The zero solutions of Equation (9) are the equilibrium points. Let
dx(t)
dt

= 0,
dy(t)
dt

= 0, and dz(t)
dt

= 0. When four non-negative
equilibrium points are obtained:

(1) E∗1 = (x∗1 , y
∗

1 , z
∗

1 ),

where

x∗1 = 0, y∗1 = 0, z∗1 = 0. (10)

Clearly, this trivial equilibrium always exists, and the practical
significance is that there will be no patients choosing a hospital.

(2) E∗2 = (x∗2 , y
∗

2 , z
∗

2 ),

where

x∗2 = 0, y∗2 = 0, z∗2 =

mt(rt − ct)

rt
. (11)

We can see that this non-trivial equilibrium exists if and only if
rt > ct , which means that there are z∗2 patients concentrated in
TLHs, and no patients choose FLHs and TLHs.

(3) E∗3 = (x∗3 , y
∗

3 , z
∗

3 )

where

x∗3 = 0, y∗3 =

ms(rs − β − cs)

rs
, z∗3 =

mt

2rt



rt − ct

+

√

(rt − ct)
2
+

4βrtms(rs − β − cs)

rsmt



 . (12)

This non-trivial equilibrium exists if and only if rs > η+cs, which
indicates that there are y∗3 patients concentrated in SLHs and
z∗3 patients concentrated in TLHs, and no patients concentrated
in FLHs.

(4) E∗4 = (x∗4 , y
∗

4 , z
∗

4 ),

where

x∗4 =

mf (rf − α − η − cf )

rf
,

y∗3 =

ms

2rs



rs − β − cs +

√

(rs − β − cs)
2
+

4αrsmf

(

rf − α − η − cf
)

rfms



 ,

(13)

z∗4 =

mt

2rt
(rt − ct

+

√

√

√

√

√

√

(rt − ct)
2
+

4rt
mt

[
ηmf (rf−α−η−cf )

rf
+

ms
2rs

(rs − β − cs

+

√

(rs − β − cs)
2
+

4αrsmf (rf−α−η− cf )

rfms

)].

This non-trivial equilibrium exists if and only if rf > α+η+cf ,
which indicates that all three levels of hospitals have patients,
and their number in each level is x∗4 , y

∗

3 , and z∗4 . This state of the
medical system is better than that of the above three cases.

Let

(H1) : rt > ct ,

(H2) : rs > β + cs,

(H3) : rf > α + η + cf .
It is not difficult to draw the following conclusions based on

the above discussion.
Theorem 4.1. For the equilibrium points of the system (9), the

assertions hold as follows:

(1) If condition (H1) holds, then the system has one trivial
equilibrium, E∗1 , and one non-trivial equilibrium, E∗2

(2) If condition (H2) holds, then the system has one trivial
equilibrium, E∗1 , and one non-trivial equilibrium, E∗3

(3) If condition (H3) holds, then the system has one trivial
equilibrium, E∗1 , and one non-trivial equilibrium, E∗4

(4) If conditions (H1) and (H2) hold, then the system has
one trivial equilibrium, E∗1 , and two non-trivial equilibria, E∗2
and E∗3

(5) If conditions (H1) and (H3) hold, then the system has
one trivial equilibrium, E∗1 , and two non-trivial equilibria, E∗2
and E∗4

(6) If conditions (H2) and (H3) hold, then the system has
one trivial equilibrium, E∗1 , and two non-trivial equilibria, E∗3
and E∗4

(7) If conditions (H1), (H2), and (H3) hold, then the system has
one trivial equilibrium, E∗1 , and three non-trivial equilibria, E

∗

2 ,
E∗3 , and E∗4

Stability Analysis
This section analyzes the Lyapunov stability of the equilibrium
points to predict the future state of China’s medical system. We
used E∗ = (x∗, y∗, z∗) to denote the arbitrary equilibrium, and
the linearized system of (9) at E∗ is

du(t)

t
= Au(t), (14)

where u(t) = (x(t), y(t), z(t))T , and

A =







−

2rf
mf

x+ rf − α − η − cf 0 0

α −
2rs
ms

y+ rs − β−cs 0

η β −
2rt
mt

z + rt − ct











a11 0 0
a21 a11 0
a31 a32 a33



 , (15)

The characteristic determinant of the system (9) satisfies the
following relation:

|λE− A| = 0, (16)

The characteristic equation of System (9) is

λ3 − (a11 + a22 + a33)λ
2
+ (a11a22 + a22a33 + a11a33)λ

−a11a22a33 = 0. (17)
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Only if all characteristic roots of the system are negative or the
real parts of the characteristic roots are negative is this system
locally stable at the equilibrium point. In the following section,
we discuss the characteristic roots of each equilibrium point.

(1) E∗ = E∗1

The characteristic equation of system (9) is

(λ − rf + α + η + cf )(λ−rs + β+cs)(λ − rt + ct) = 0. (18)

The eigenvalues of the characteristic Equation (18) are λ1 =

rf − α − η − cf , λ2= rs − β−cs, and λ3 = rt − ct . Thus, E
∗

1
is stable only if rf < α + η + cf , rs < β+cs, and rt < ct .

(2) E∗ = E∗2

The characteristic equation of system (9) is

(λ − rf + α + η + cf )(λ−rs + β+cs)(λ + rt − ct) = 0. (19)

The eigenvalues of the characteristic equation (10) are λ1 =

rf − α − η − cf , λ2= rs − β−cs, and λ3 = ct − rt . Thus, E
∗

2 is
stable if and only if rf < α + η + cf , rs < β+cs, and rt > ct .

(3) E∗ = E∗3

The characteristic equation of system (9) is

(λ − rf + α + η + cf )(λ+rs − β−cs)


λ +

√

(rt − ct)
2
+

4βrtms(rs − β−cs)

rsmt





= 0. (20)

The eigenvalues of the characteristic Equation (2)
are λ1 = rf − α − η − cf , λ2 = β+cs−rs, and

λ3 = −

√

(rt − ct)
2
+

4βrtms(rs−β−cs)
rsmt

. Therefore, E∗3 is stable if

and only if rf < α + η + cf and rs > β+ cs.

(4) E∗ = E∗4

The characteristic equation of System (9) is

(

λ − rf + α + η + cf
)



λ +

√

(rs − β−cs)
2
+

4αrsmf

(

rf − α − η − cf
)

rfms



















λ +

√

√

√

√

√

√

√

√

√

(rt − ct)
2
+

4rt

mt

[

ηmf (rf − α − η − cf )

rf
+

ms
2rs

(

rs − β − cs

+

√

(rs − β − cs)
2
+

4αrsmf (rf − α − η − cf )

rfms

)] = 0.

(21)
It is clear that E∗4 is stable if and only if rf > α + η + cf .

FIGURE 1 | Schematic diagram of the equilibrium points under different parameters. (A) E*
1, (B) E

*
2, (C) E

*
3, and (D) E*

4.
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Based on the above discussions of (18) through (21), we can
obtain the following significant conditions and conclusions:

Theorem 4.2. The following statements are true:

(1) If condition (H4) holds, then E∗1 is locally
asymptotically stable

(2) If condition (H5) holds, then E∗2 is locally
asymptotically stable

(3) If condition (H6) holds, then E∗3 is locally
asymptotically stable

(4) If condition (H7) holds, then E∗4 is locally
asymptotically stable

where

(H4) : rf < α + η + cf , rs < β+cs, and rt < ct ,
(H5) : rf < α + η + cf , rs < β+cs, and rt > ct ,
(H6) : rf < α + η + cf and rs > β+ cs,
(H7) : rf > α + η + cf .

Figure 1 shows the phase trajectories and equilibrium points
for different parameters. In the above discussion, we can see that
all three levels of hospitals in China will have patients only if the
inherent growth rate of the number of visits to FLHs is greater
than the churn rate and the leapfrog medical treatment rate of
patients from FLHs to higher hospitals. Therefore, FLHs play a
fundamental role in the sustainable development of China’s entire
medical system.

SIMULATION ANALYSIS

Parameter Fitting
This section predicts the future patient distribution among
Chinese hospitals based on the current medical treatment
situation. We selected the medical data of three levels of hospitals
from January to November of each year from 2011 to 2018 from
the Chinese Journal of Health Statistics (37), which includes no
reports for December of each year. Then, MATLAB software was
applied to fit the parameters in Equation (9) by the least square
method to obtain α = 0.044, β = 0.037, η = 0.030,mf = 9000.1,
ms = 29899.2, mt = 42999.8, rf = 0.0982, rs = 0.1096,
rt = 0.0020, cf = 0.0010, cs = 0.0406, and ct = 0.0271. The

obtained determination coefficient was R2 = 0.965, closer to 1,
and better fitting, as shown in Figure 2. The actual sampling date
has obvious seasonal periodic changes that are not considered in
this system.

Note that the data obtained meet the stability condition of the
equilibrium point E∗4 , and the number of visits to the three levels
of hospitals is calculated to be x∗4 = 4555.04, y∗4 = 13028.5, and
z∗4 = 18978.6. There are significant gaps between these and the
maximum capacities.

Parameter Sensitivity Analysis
Impact of Leapfrog Medical Treatment Rate
We kept other paraments unchanged to analyze the influence of
different leapfrogmedical treatment rates in hospitals of all levels.
Further, numerical simulation was carried out for the three cases
greater than, equal to, and less than the fitting value of the higher
hospital-seeking rate, as shown in Figures 3–5.

FIGURE 2 | True-date scatter plots and fitting curves of (A) FLHs, (B) SLHs,

and (C) TLHs.

We can see that the number of visits to hospitals of all levels
typically declines with the increase in α, η. The change in β does
not affect x, and an increase in β leads to a decrease in y. When β

is greater than or equal to the fitted value, z remains unchanged,
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FIGURE 3 | Effect of parameter value α on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

but when β is less than the fitted value, z decreases with the
reduction in β .

From the above analysis, it can be seen that the leapfrog
medical treatment rate from FLHs to senior hospitals will affect

FIGURE 4 | Effect of parameter value β on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

the patient distribution of the entire Chinese medical system,
and the increase in the leapfrog consultation rate will reduce
the number of visits to all levels of hospitals. When the leapfrog
medical treatment rate from SLHs to TLHs decreases, the number
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FIGURE 5 | Effect of parameter value η on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

of visits to SLHs increases, and that to TLHs reduces. In contrast,
the distribution of FLH patients is not affected.

FIGURE 6 | Effect of parameter value mf on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

Impact of Maximum Visiting Capacity
To analyze the influence of the maximum patient
capacity on the number of visits to hospitals at all
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FIGURE 7 | Effect of parameter value ms on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

levels, we kept the other parameters unchanged and
conducted a numerical simulation for the three cases
with the maximum patient capacities of 0.5, 1, and 1.5
times, respectively.

FIGURE 8 | Effect of parameter value mt on the number of visits to (A) FLHs,

(B) SLHs, and (C) TLHs.

We know that the increase in parameters mf , ms, and
mt indicates that the comprehensive strength of the hospitals
is improved, and thus the maximum capacity of patients is
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increased. Figures 6A–C shows the changes in the number of
visits to hospitals of the three grades when mf = 4, 499,
mf = 8, 999, and mf = 13, 499, respectively. Figures 7A–C
presents the changes in the number of visits to hospitals of the
three grades when ms = 11, 826, ms = 23, 653, and ms =

35, 479, respectively. Figures 8A–C shows the changes in the
number of visits to hospitals of the three grades when mt =

21, 500, mt = 43, 000, and mt = 64, 500, respectively. We
can see that the number of visits grows with the rise of mf .
And the shift in ms does not affect x, while y and z increase
with the increase of mf . And the change in mt does not affect
x and y, while z increases with the rise of mt , but this effect is
not apparent.

CONCLUSIONS

Based on the current data of the Chinese medical system
and patients’ medical treatment level, this study establishes
three differential equation models for the variation of
hospital visits over time. It forecasts the development
trend of Chinese hospital outpatient visits by analyzing
the system’s dynamic behavior. Finally, a simulation of
the influence of the main parameters on the system was
performed. In this manner, we can understand the situation
of Chinese patients’ choice of hospital and provide a
basis for decision-makers to allocate the available medical
resources rationally.

In different situations, the system has zero point, boundary
equilibrium point, and positive equilibrium point. Among
them, the positive equilibrium point means that all three
levels of hospitals have patients, which is the basis of the
sustainable development of China’s medical system. According
to the stable condition of the positive equilibrium point,
one can see that controlling the rate of patients from FLHs
to higher-level hospitals and reducing the loss of patients
play a pivotal role in the long-term development of Chinese
hospitals. Using previously recorded actual medical data to
estimate the model’s parameters, we conclude that, in the
future development state of China’s hospitals at all levels,
there will be patients in all three levels of hospitals. Still,
the allocation rate of medical resources will be below, and
the growth rate of patients in FLHs and SLHs will gradually
slow down.

By analyzing the influence of change in the rate of leapfrog
medical treatment and the maximum patient capacity of the
hospitals on the system, we found that the number of visits
to hospitals at all levels in China was negatively correlated
with the leapfrog medical treatment from FLHs to higher-
level hospitals. The change in the leapfrog medical treatment
rate from SLHs to TLHs was negatively correlated with the
number of visits to SLHs and positively correlated with the
number of visits to SLHs and TLHs, respectively no effect on
the number of visits to FLHs. Therefore, from achieving a

reasonable distribution of patients, reducing the leapfrog medical
treatment in SLHs can enable some patients from TLHs to
choose SLHs, thereby relieving the pressure of treatment in
TLHs and improving the effective and reasonable utilization
of resources.

The increase in the maximum patient capacity of low-level
hospitals will also increase the patient capacity of higher-level
hospitals. Still, the increase in the maximum patient capacity of
higher-level hospitals will not affect the change in the patient
capacity of lower-level hospitals. The increase in the maximum
patient capacity of SLHs has minimal impact on the overall
patient capacity. Therefore, FLHs is the epitome of Chinese
hospitals. In other words, with an increase in the comprehensive
strength of FLHs, the absolute power of hospitals at all levels will
also increase.

Consequently, if the leaders of China’s medical system
aim to reasonably distribute patients among hospitals at
all levels and improve the situation of overcrowding in
both large and small hospitals, it is not the best way to
control the leapfrog medical treatment rate. Instead, they
should improve the comprehensive strength of lower-level
hospitals by implementing measures to increase the number
of practitioners, enhance their training, and enhance the
availability of advanced medical equipment, thereby increasing
patients’ trust in primary hospitals. Artificial intelligence can
be used to improve the service capacity of primary hospitals.
For example, in consultation, the system can prompt doctors
in primary hospitals to consult patients according to the
consultation logic. In the diagnosis process, the system can
conduct intelligent analysis and judgment based on the patient’s
medical record data input by the doctor and assist the doctor
in making accurate judgments on the condition. It can also
build a new family doctor service model according to the
intelligence, understand the health status of residents from time
to time, and improve the family doctor compliance rate and
residents’ satisfaction.
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Background: Health policy and services is a continuously evolving field of research that

can inform prevention and control efforts for a variety of health conditions. The “Healthy

China” strategy reflects the demand to formulate health policy that suits China’s national

needs and goals. Applying bibliometric analysis to grasp the general situation of health

policy and services research globally will be conducive to informing China’s designated

health plans and initiatives.

Method: A bibliometric analysis of 58,065 articles on “Health Policy and Services” topics

was conducted. The document type was restricted to journal articles that were published

in the Web of Science database between the time parameter of January 1, 2009 to

December 31, 2018. Data was collected on indicators such as the annual number of

publications in the field of health policy and services, the country where the publication

is issued, the publication organization, the source journal, the frequency of citations,

research hotspots, and academic areas.

Results: The overall number of articles published in Web of Science on health policy

and services research has increased over time. The United States has the largest number

of articles in the field. The institution with the highest number of citations in the field

is Harvard University and the journal with the most published articles in the field is

Health Affairs. Research hotspots in the health policy and services field include topics

such as “HIV Infections,” “Primary Health Care,” “Delivery of Health Care,” and “Health

Services Accessibility.”

Conclusion: Experts in the field of health policy and services globally are dedicated to

researching the most effective ways to improve people’s health and living standards.

There is a certain gap in the depth of health policy and services research between

China and developed countries and regions such as Europe or America. China must
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learn from foreign experience to conduct meaningful and informative research that can

aid in the formulation of multi-dimensional health policies in specific areas such as

environmental infectious diseases, where attention is needed in areas beyond themedical

and health system.

Keywords: health policy, health services, research trends, research hotpots, bibliometric analysis

INTRODUCTION

Health policy and services is a broad research field which covers
resources on healthcare systems, including healthcare provision
and management, financial analysis, healthcare ethics, health
policy, and quality of care. It often intersects with other areas
to conduct research. The field of health policy and services
research continues to play a key role in public health prevention
and control efforts and is an important part of the medical
and health system framework. In order to understand the scope
of health policy and services research around the world, a
bibliometric analysis is needed. Through examining the annual
number of publications in the field of health policy and services,
the country where the publication is issued, the publication
organization, the source journal, the frequency of citations,
research hotspots, and academic areas in China and abroad will
provide sufficient evidence for an objective comparative analysis
of the development of the health policy and services field. In
general, the application of bibliometric analysis methods to study
health policy and services can provide an overview of research in
the field and identify research hotspots and research distribution,
which is of great significance for the targeted formulation of
health policies.

In the process of deepening China’s health system reform, the
government has promulgated a large number of health policy
documents covering the entire medical and health field. In 2016,
the State Council of the People’s Republic of China (CPC)
issued the Healthy China 2030 Planning Outline, proposing a
strategy for developing a healthy China (1). In the report at
the 19th CPC National Congress, Xi Jinping emphasized that
people’s health is an essential symbol of national prosperity. It
is necessary to improve national health policies and provide
comprehensive health services to the general public. These
policies and regulations not only reflect the changes in China’s
health system but also embody the development of public health
concepts since 2009. The deepening of health system reform,
the Healthy China 2030 strategy and the introduction of a new
medical reform program have brought health policy and services
research into a new era.

Research on health policy and services in China has
progressed greatly due to the enhancement of health reform
and the development of medical services. Most studies in the
field of health policy and services, however, are either based on
descriptive qualitative analysis or employ quantitative analyses
on veryminimal amounts of data. Furthermore, the results of this
quantitative research on health policy are rarely reported from
the bibliometric perspective. Bibliometric analyses on academic
papers related to health policy have been conducted previously.

For example, Ahmed and others (2) employed a bibliometric
analysis of multimorbidity to identify and analyze publications
on multimorbidity, including those that most influenced this
field. Bibliometric analysis provides a method for measuring the
academic interest in health policies and estimates the impact of
research on health services and policies (3).

Most researchers have focused on disease-specific health
policies and the impact of data on relevant health policies, but
this study uses bibliometrics to conduct comprehensive analyses
with a broad perspective within health policy and services.
After summarizing and analyzing existing research, we recognize
several problems: (1) Most studies lack holistic and coherent
health policy research, focusing on biomedicine, microscopy, and
diagnosis, especially on specific diseases or branches of health; (2)
there is a big gap between China’s health policy research and those
of foreign countries in terms of the number of articles published
and the scope of coverage. The foreign experience can be used
to inform health policies in specific areas such as caring for
environmental infectious diseases, but overall, the gaps identified
need to be addressed in order to adequately inform medical and
health system reform.

Based on the research gap between China and foreign
countries, this article conducts a quantitative analysis of domestic
and foreign health policy and services literature. We aim to
analyze research hotpots by using indicators such as the annual
number of publications, the country where the publication
is issued, the publication organization, the source journal,
the frequency of citations, research hotspots, and academic
areas to increase the quality of health policy and services
research in China, broaden the coverage of health policies,
and ensure that a comprehensive, multi-level health policy that
meets China’s need can be formulated. This would, in turn,
provide basic compliance and guidance for China’s medical and
health services.

METHODS

Bibliometric methods, which are often used in information
and library science as scientometrics, were utilized to analyze
the data for this study. Bibliometric methods have previously
been applied to analyze the descriptive characteristics of
various journals, including the trend in the number of
publications, document type, publication year, number of pages
and impact factor. Through this method, we can more intuitively
conduct a thematic analysis, hotspot analysis and research
trend analysis of the past 10 years of health policy and
services literature.
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Database and Literature Research
We collected data from Web of Science, the largest database
available with about 50% more publications than PubMed (4).
First, we searched the database for articles published in INCites
using the Category Name: “Health Policy & Services.” This
Category Namewas determined according to the subject category
of the core collection of Web of Science. The INCites database
gathers data from the seven major index databases in the core
collection of Web of Science within the past 30 years, with
diversified indicators and rich visualization effects, which can
assist scientific research managers in making strategic decisions
more efficiently. Concerning the document type, only published
journal articles were included in the analysis. Then, a time
parameter from January 1, 2009, to December 31, 2018 was
applied. December 31, 2018 was selected as the end date of our
search timeframe because in 2019, research related to COVID-19
appeared in the Web of Science database for the first time. This
worldwide pandemic has caused a surge in related research. This
may affect our discovery of other more valuable studies when
conducting bibliometric analysis. A10-year research time span
can help us better understand the research progress of health
policy and services and identify trends in a relatively moderate
time.With this inmind, working backwards from the desired end
date, the start time of our search timeframe was set to January 1,
2009. Utilizing the above search parameters, 58,065 articles were
retrieved and included in the study. In this paper, the bibliometric
method is used to conduct a statistical analysis of the literature in
the field of health policy and services research in Web of Science
from 2009 to 2018. Academic areas, publication year, citation
impact, and periodical influencing factors of the retrieval results
were analyzed, and bibliometric analysis was performed in the
units of the number of papers.

Bibliometric Analysis
Bibliometric analysis is a quantitative analysis used to examine
the production of academic literature over time (5), it has
previously been applied to analyze the descriptive characteristics
of various journals, including the trend in the number of
publications, document type, publication year, number of pages,
and impact factor (IF) (6, 7). A prominent advantage of
bibliometrics is that it allows researchers to study specific
research areas by analyzing citations, co-citations, geographical
distribution, and word frequency.

After comparing the advantages and disadvantages of the
BibExcle, Statistical Analysis Toolkit for Infometrics (SATI),
CiteSpace andVOSviewer software programs, CiteSpace software
was finally selected as the best fit given the features of the data
set of this study. CiteSpace has the following advantages: (1)
it can directly de-duplicate the data on the Web of science
platform and can also directly preprocess the data on platforms
such as Scopus and Derwent. (2) the Chinese data can also be
preprocessed through deduplication and format conversion. (3)
the layout and visualization of clustering networks are more
intuitive and easier to interpret. (4) From a micro point of view,
both co-occurrence network analysis and literature coupling
analysis can be performed to help researchers obtain classic
literature in related fields, and to assist users in acquiring

research topics, inflection points, and future development trends.
It also supports hybrid networks. We used literature metrological
analysis software CiteSpace to analyze these research papers
for indicators including the annual number of publications,
the country where the publication is issued, the publication
organization, the source journal, the frequency of citations,
research hotspots, and academic areas in order to describe the
characteristics of research results in the field of health policy
and services.

RESULTS

Annual Publication Trends
The annual number of papers published over the past decade
reports an overall growth trend, which fluctuated slightly from
2015 to 2018, with a decline between 2015 to 2016 and 2017 to
2018. The growth rate of published literature from 2009 to 2015 is
relatively fast, while that from 2016 to 2018 is relatively slow. The
year with the highest annual growth rate is from 2012 to 2013,
during which the total number of papers increased by 808.

As is shown in Figures 1, 2, the number of research papers
published in the field of health policy and services from 2009
to 2018 shows an overall increasing trend. The United States
(US) and the United Kingdom (UK) have always been the top
two countries, maintaining a high level of papers. Published
papers from Mainland China have also grown rapidly, ranking
6th in 2018.

The research papers we collected data on are mainly from the
US, Australia, Sweden, Spain, Norway, the UK, New Zealand,
France, Italy, China, Canada, Germany, Switzerland, North
Africa, and 14 other countries and regions. The US has the most
extensive collection of literature in this field, but its growth has
been slow since 2009. Before 2012, there had been relatively little
research on health policy and services in mainland China, but it
has been slowly increasing since then.

Top 10 Research Institutions According to

Citation Frequency
Table 1 lists the statistical data of scientific research institutions
that published papers on health policy and services from 2009
to 2018 and their rankings in descending order of citation
frequency. The total number of related literature published by
scientific research institutions in various regions is extremely
uneven. Among them, institutions in the US have the largest
number of papers. Of the top 10 scientific and technological
institutions, 8 are from the US, followed by one from the UK and
one from Canada.

The top 10 institutions cited have published 15,782 papers,
accounting for 27.2% of the total. Harvard University, the
University of California System, and the University of London
topped the list, with 2,632, 2,895, and 2,176 articles, respectively.
Most remaining institutions in the top 10 have published around
1,000 articles each. University of Pennsylvania published <1,000.

The citation frequency ranking of published articles by the top
10 scientific research institutions is the same as that of the articles
published. Among the institutions, Harvard University has been
cited the most, with 43,578 citations. Literature published by
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FIGURE 1 | Total number of publications of health policy and services from 2009 to 2018.

University of Pennsylvania is the least cited, with a total of
15,810 citations. Both Harvard University and the University
of California have been cited more than 40,000 times. It is
reasonable to assume that these two institutions have the largest
literature base with the highest quality in this field.

Top 20 International Journals of

Publications in Health Policy and Services
We rank journals based on Web of Science publications.
According toTable 2, the top 20 journals of publications in health
policy and services have included 28,941 papers, accounting for
49.8% of the total. The Journal Citation Report (JCR) published
by Institute for Scientific Information (ISI) every year counts
and calculates the citations and cited data between journals,
and determines the journal’s impact factor based on the average
number of citations of the journal in 2 years. When the journal’s
impact factor is higher, the citation rate of its literature is also
higher. To reflect the quality of a journal, all journals in a certain
discipline are arranged in descending order according to the
impact factor value of the previous year, and then divided into
four quartiles: Q1, Q2, Q3, and Q4. According to JCR, and as

seen in Table 2, when looking at journals covering health policy
and services research, there were seven journals in Q1, seven in
Q2, five in Q3, and one in Q4. The distribution indicates that
the selected literature has a high impact factor and is at the
leading level in the research field, which is of great significance
for citation. The highest Web of Science publications is Health
Affairs (2,523 articles) in Q1. AIDS Care-psychological and
Socio-medical Aspects of AIDS/HIV in Q2 ranks the second
with 2,288 articles. However, the citation frequency of AIDS
Care-psychological and Socio-medical Aspects of AIDS/HIV
(23,116 times) is significantly lower than that of Health Affairs
(63,667 times).

Research Publications Across 10 Specific

Academic Areas of Health Policy and

Services
Research in the field of health policy and services covers a
total of 92 specific disciplines, and the 10 specific disciplines
with the largest number of papers (Table 3) are Health
Policy & Services, Health Care Sciences & Services, Public,
Environmental & Health, Economics, Social Sciences,
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FIGURE 2 | Number of papers of health policy and services from 2009 to 2018 by country.

Biomedical, Psychiatry, Psychology, unapproved, Respiratory
System, Rehabilitation, Communication.

As shown in Figure 3, through the co-journal approach,

computing disciplines and structures related to health policy

science form a skeleton diagram of disciplines related to health

policy science. Co-journal refers to the division of the same
journal based on the subject of the content. A journal may
involve multiple subject categories, so a subject will have the
same journal. Each node in the figure represents a discipline. The
larger the node, the more papers published in the discipline. It
can be seen that “Health Policy & Services,” “Health Care Science
& Services,” “Public, Environmental & Occupational Health”
are three major fields of health policy and services research.
The connection between nodes indicates the correlation between
disciplines. When there are more journals in common between
disciplines, it is easier to form a closer relationship, and the
discipline group formed between these disciplines is stronger.
In Figure 3, the subject category “Health Policy & Services” is
related to multiple subject categories in the circle. Among them,
“Health Care Sciences & Services,” “Public, Environmental &

Occupational Health,” “Economics,” “Social Science, Biomedical,”
and “Psychiatry” are more closely related to it, which shows that
they have more joint journals.

Main Diseases, Research Targets, and

Methods
As shown in Supplementary Table 1, most papers in the field of
health policy and services focus on humans, such as “female,”
“male,” “adult,” and “middle-aged.” They mainly use surveys
and questionnaires, cross-sectional studies, qualitative research,
interviews, and retrospective studies. Selecting the top 100
MeSH terms from these papers in the last 10 years can provide
a good overview of the main diseases, research targets, and
methods. According to the classification of the MeSH terms,
common research targets include humans, female, male, adult,
middle aged, aged, and the United States. Common research
methods include surveys and questionnaires, cross-sectional
studies, retrospective studies, and longitudinal studies. Common
diseases include HIV infections, mental disorders, depression,
physicians, and neoplasms.
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Among the MeSH terms classified as research targets,
“Human” has the largest number of records, reaching 17,194,
followed by “Female” appearing 10,556 times. The MeSH
term “surveys and questionnaires” is the most frequently used
research method, with 3,581 records. Among the diseases, “HIV
Infections” is the studied most often, with 1,067 records. Based
on the number of MeSH terms recorded, the hotpots in the field
of health policy and services from 2009 to 2018 are main factors
related to disease or health in different age and gender groups,
and the research on HIV infection. From the perspective of

TABLE 1 | Scientific research institutions in the field of health policy and services.

Rank Research institution Citation

frequency

Web of

science

publications

1 Harvard University 43,578 2,632

2 University of California System 41,546 2,895

3 University of London 27816 2,176

4 Johns Hopkins University 20,699 1,444

5 University of Michigan 19,503 1,124

6 University of Washington 16,901 1,096

7 University of Washington Seattle 16,685 1,075

8 University of Toronto 16,316 1216

9 VA Boston Healthcare System 15,984 1,131

10 University of Pennsylvania 15,810 993

The ranking is in descending order of citation frequency.

research content, literature on health assessment methods, health
assessment research tools and standards of health assessment
status have received the most attention. These studies include
information on indicators for assessing health-related quality
of life, innovations in the pharmaceutical industry, upgrading
of direct measures, and the assessment of annual medical
expenditures on obesity, all of which provide methodological
support for health policy research.

Recent Research Topics
This paper describes the research hotspots of health policy
and services in the decade through the centrality of
vocabulary. The clustering diagram of the co-occurrence

TABLE 3 | Academic areas of health policy and services.

Rank Academic area Number of publications

1 Health Policy & Services 58,065

2 Health Care Sciences & Services 32,676

3 Public, Environmental & Occupational Health 19,921

4 Economics 5,874

5 Social Sciences, Biomedical 4,446

6 Psychiatry 3,343

7 Psychology, Multidisciplinary 2,660

8 Respiratory System 2,288

9 Rehabilitation 1,253

10 Communication 1,166

TABLE 2 | Journals of publications in health policy and services.

Rank Journal Web of science publications Citation frequency Quartile

1 Health Affairs 2,523 63,667 Q1

2 AIDS Care-psychological and Socio-medical Aspects of AIDS/HIV 2,288 23,116 Q2

3 Quality of Life Research 2,284 30,509 Q2

4 Psychiatric Services 1982 26,826 Q2

5 Health and Quality of Life Outcomes 1,690 20,132 Q2

6 Medical Care 1,689 30,552 Q1

7 Health Policy 1,506 14,808 Q2

8 American Journal of Managed Care 1,503 13,423 Q3

9 Value in Health 1,398 23,948 Q1

10 Journal of Community Health 1,327 9,196 Q3

11 Health Services Research 1,277 17,195 Q1

12 Health Economics 1,218 14,263 Q2

13 Implementation Science 1,216 27,309 Q1

14 Journal of Health Care for the Poor and Underserved 1,205 7,325 Q4

15 Health Communication 1,097 8,051 Q3

16 Community Mental Health Journal 1,067 6,812 Q3

17 Journal of Interprofessional Care 954 6,761 Q3

18 Health Policy and Planning 952 10,595 Q1

19 Journal of Genetic Counseling 898 6,651 Q2

20 Journal of Health Economics 867 15,514 Q1

The ranking is in descending order of Web of Science publications.
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FIGURE 3 | Academic areas covered by health policy and services.

of main keywords (Figure 4) shows the word frequency
and centrality. The larger the dots, the higher the word
frequency. The hot topics in the last 3 years are calculated
based on 5,871 articles from 2016, 5,950 from 2017, and 6,329
from 2018.

In 2016–2018, keywords with the highest word frequency are
“HIV Infections,” “Primary Health Care,” “Delivery of Health
Care,” and “Health Services Accessibility.” Cluster analysis was
conducted on 135 high-frequency keywords divided into 6
categories was shown in Figure 5.

Highly-Cited Papers on Health Policy and

Services
As shown in Supplementary Table 2, highly-cited papers are
another important aspect reflecting research hotspots. The

research papers published in the field of health policy and

services from 2009 to 2018 were ranked according to the

Category Normalized Citation Impact (CNCI). The top 20 papers
in terms of CNCI are shown in Supplementary Table 2. The
paper with the highest CNCI is “Valuing health-related quality
of life: An EQ-5D-5L value set for England” from Health
Economics, cited 167 times by September 19, 2019 (CNCI =

142.0383). The top 20 papers are mainly from journals such
as Health Economics and Implementation Science, of which
18 have been cited more than 200 times. The most cited
paper is “Fostering implementation of health services research
findings into practice: a consolidated framework for advancing
implementation science” from Implementation Science, which
has been cited 2,088 times and ranks second by CNCI (CNCI
= 93.8544).
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FIGURE 4 | Research topics about health policy and services from 2016 to 2018.

DISCUSSION

This bibliometric analysis provides an overview of the trends

within health policy and services research from 2009 to 2018.

For a long time, substantial effort has been devoted to catalyzing

health policy and services research, but due to funding and
resource limitations, some low and middle-income countries still

have insufficient participation in this area (8). The article applies
the bibliometric method to interpret the focus of health policy
and service research in different countries and regions (especially
China and the United States), the correlation between discipline
categories, and the focus on diseases and research frontiers.

This article offers a unique contribution and builds upon the
existing research on health policy and services using bibliometric
analysis methods, in the following ways:

In terms of research scope, previous research in this area
has been focused on a specific country or region. For example,

Zyoud and colleagues used Microsoft Excel software to analyze
the research productivity of toxicology in Middle Eastern Arab
countries (9), and Sharma analyzed the published road traffic
injury research in India (10). Comparatively, this article analyzes
research productivity in the field of health policy and services
based on a global perspective, so as to find research differences
and changing trends between countries, and better grasp the
frontiers of world research.

In terms of analysis indicators, previous studies utilize the
basic indicators of bibliometric analysis. For example, Sweileh
used basic indicators such as number and types of retrieved
documents, author keywords, research domains, preferred
journals, most active countries and journals to show the results of
a bibliometric analysis of the global immigration health research
in the peer-reviewed literature (11). In addition to the above basic
indicators, this article also shows the main subject areas of the
research, the cooperation of each subject area, and the results
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FIGURE 5 | Clustering analysis results of health policy and services.

of cluster analysis of keywords. This helps to grasp the research
hotspots and trends in the field of health policy and services.

At different times, different countries have different priorities
for health policy and services. In last decade, the focus of this field
has gradually shifted from public environmental occupational
health (12–16), health policy services (17–21), and health science
services (22–26) to specific diseases such as psychiatric (27–29)
and pediatric diseases as well as environmental science ecology
(30), biomedical social sciences and other fields. It has undergone
a transformation from macro to micro. Generally, research on
public environmental health, health policy services, and health
science services are relatively mature. Developed countries are
the main contributors to the research results in the field of health
policy and services, and their research is more forward-looking,
such as the research on the combination of pharmacology and
health policy services. In addition to researching medical and

health services and health care, the research on health policy and
services also involves the fairness and accessibility of medical
and health services, the reform of the medical and health
system, traditional Chinese medicine, and infectious diseases like
tuberculosis. However, in comparison, China’s policy research on
health care services is not as mature. All countries have strengths
and weaknesses in their research, but have the opportunity
to learn from one another. For example, learnings from the
United States on pharmacology research can enhance traditional
Chinese medicine. Additionally, China can learn from research
in other countries on health services for pregnant women,
newborns, and patients with mental health conditions.

Health Policy and Services research scientific policy has the
characteristics of multi-disciplinary, prone to problem-solving,
and obvious standardization. Figure 3 calculated by the method
of co-journalism reflects the multidisciplinary nature of health
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policy and services research. Although the relationship between
“health policy & services” and “economics,” “health care sciences
& services,” “public,” “environmental & occupational health,”
“social science,” “biomedical,” “psychiatry” and other disciplines
is relatively close, there are still “geography,” “nutrition &
dietetics,” “information science & library science” and other
disciplines that are marginalized. It shows that health policy
and service research should strengthen the correlation between
economics, library science, information technology and science,
journalism and communication, and enrich the research results
in this field, and seek new breakthroughs. In the new post
COVID 19 era, the rapid development of big data and artificial
intelligence will lead to more precise, comprehensive, and rapid
research. This will allow for improved conduction of empirical
research on factors affecting population health, exploration of
ways to formulate health policies in line with social development
trends, and discovery of health policy and services breakthroughs
in medical and health system quality improvement.

In terms of the diseases that are of major concern, in addition
to the highly valued research on HIV/AIDS, mental disorders,
chronic diseases, depression, and tumors have become the most
concerning diseases in the health policy and services field during
this period. According to a report released by The Joint United
Nations Programme on HIV/AIDS(UNAIDS), as of 2018, the
number of people living with HIV worldwide has reached 1.7
million, a decrease of 16% compared to 2010, which is mainly
due to the progress made in combating HIV in southern and
eastern African countries (31). This is consistent with the results
of the literature measurement. Africa ranks third in the output of
AIDS research in the field of health policy and services, after the
United States and the United Kingdom. In China, according to
the “China Health Statistics Yearbook” from 2009 to 2018, AIDS
ranks first in the number of deaths from statutory infectious
diseases reported in categories A and B, and its incidence has
increased year by year. However, China’s research results on
fighting AIDS are very few, which points out a key area for China
to pursue breakthrough research in. Additionally, in the past 10
years, the mortality rate of malignant tumors and the prevalence
of chronic diseases have gradually increased in China. Similarly,
China, Europe and the United States and other developed
countries and regions on the relevant research for the prevention
and treatment of cancer and chronic disease control obviously
living in disadvantaged. Based on the high prevalence and high
fatality rate of domestic infectious diseases, chronic diseases,
malignant tumors, and depression, future research should focus
on tackling these key diseases (32–41).

The co-occurrence cluster map of the main themes from 2016
to 2018 is further evidence of the above discussion. In the past 3
years, the focus of global attention in the field of health policy
and services has alluded to the importance of fighting AIDS,
enhancing the accessibility of medical and health services, the
provision of medical and health services, and the importance of
mental health services. These are the first issues that should be
addressed in this field. China’s focus is more on the reform of
medical insurance (42, 43), the development and application of
intelligent medical systems (44), and primary medical and health
services. Western countries pay more attention to the application

of mathematical-statistical analysis and other methods to verify
or evaluate influencing factors. However, the application of this
aspect is not limited to clinical disease causative factors, and
environmental indicators are also taken into consideration.

It is found that although the total number of publications in
the field of health policy and services in the US far exceeds that
of China, the proportion of publications detailed in each research
direction is different. For example, the proportion of publications
in the research direction of Public Environmental Occupational
Health in the US is 39.472%, while the proportion of publications
in this research direction in China is 44.182%, which is nearly 5%
higher than that in the US. Therefore, the US has an opportunity
to learn from China. On the basis of maintaining extensive
research on health policy and services, the US should strengthen
its research in the following areas which currently represent
less than half of the total amount of health policy and services
research published to make up for the weaker aspects such
as Public Environmental Occupational Health (accounting for
39.472%), Biomedical Social Sciences (accounting for 8.928%),
Business Economics (accounting for 8.141%), Psychology
(accounting for 5.755%), Respiratory System (accounting for
4.961%), Pharmacology Pharmacy (accounting for 1.078%),
Government Law (accounting for 0.844%) and International
Relations (accounting for 0.05%).

Similarly, compared with the US, China’s research in the field
of health policy and services needs to be strengthened. China
has only 18 research directions, while the US has 21 research
directions. In addition, China should also learn from the excellent
research results of the US, and enhance the depth of research,
especially for Psychiatry (accounting for 4.353%), Geriatrics
Gerontology (accounting for 1.897%), Rehabilitation (accounting
for 1.786%), Medical Informatics (accounting for 1.451%), to
improve academic influence in the field. In general, while
drawing on the experience of other regions and countries, China’s
health policy research should also incorporate the development
status and characteristics of its own health system. Through a
bibliometric analysis of global health policy and services research,
this article shows the research trends in various countries
and regions and highlights the areas that need to be further
strengthened. The research directions of various countries and
regions are basically the same for diseases that are showing a
pandemic trend on a global scale. In addition, the focus of each
country and region is different according to its own context. For
example, the research focus of China tends to the goal of medical
and health system reform.

Strengths and Limitations
Using bibliometrics methods to analyze research in the field
of health policy and services, we can directly understand, the
scientific research contributions made by countries and regions
to the development of the field, the scientific research institutions
and journals, research hotspots and main research directions.
Through this research method, you can quickly see the research
progress of different countries and regions in the field of health
policy and services, find research gaps, and help to formulate
health policies and provide health services in a targeted manner.
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Despite these strengths, there are some limitations to be
acknowledged. This study is just based on the Web of Science
database, although we believe it fully depicts the research results
of the past 10 years. However, our findings may not necessarily
represent the overall development of the health policy and
services field beyond this what is provided in this database and
the specified timeframe. In addition, as mentioned previously
in this article, COVID-19 related articles were not included in
the study. The inclusion of these articles had the potential of
skewing our findings and masking identified trends, but we are
considering conducting a comprehensive and in-depth review
and analysis on COVID-19 in the future.

CONCLUSION

Studying journal articles on health policy and services in
the Web of Science database over the past decade, we have
found that scholars and experts in this field are working on
the most effective ways to improve people’s health and living
standards. The methods and indicators of health evaluation
have become the focus of research, which is also the general
trend of China’s health policy research. Highly cited papers
have important reference value for discussion on research
methods, standards, and models. Statistical analysis of the
Web of Science database indicates that most papers are from
developed regions and countries such as Europe and the US,
and the most influential research institutions and journals
are also mainly from the UK and the US. In terms of the
number of publications in the field of health policy and services,
China should learn from developed countries to improve
research productivity.
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