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Abstract: Environmental health is at the intersection between health and the environment. However,
it still has a recent (and narrow) history as a scientific area, mainly addressing human biomonitoring
and toxicological issues. Only recently additional environmental ‘layers’, other than the traditional
chemical, biological and physical environmental determinants, have been considered. This broader
perspective of environmental health also encompasses digital, psychosocial, political, socioeconomic
and cultural determinants, all of them relevant when considering human health from a planetary
health paradigm. This reflects the progressive adoption of a systemic perspective regarding the
impact of gains for human health and well-being towards a sustainable environment. It also implies
a multi-method and participatory approach to understand the intertwined relationship between
environmental changes and human health. In this paper, the broader approach to environmental
health is discussed in order to ‘set the stage’ for introducing the Institute of Environmental Health
(ISAMB) of the Lisbon School of Medicine, Portugal. Each of the research groups and labs that compose
ISAMB are presented, as well as their main lines of research. Present and planned contributions of
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ISAMB to advance knowledge on environmental health and for promoting human health gains in an
environmentally sustainable way are also discussed.

Keywords: environmental health determinants; environmental sustainability; human health;
planetary health; public health

1. Introduction

Human health is now better than ever before. In a relatively short period of time, we have
witnessed an impressive increase of life expectancy and an accelerated growth of the world’s population
(from 1 billion in 1800 to an estimated 7.7 billion in 2019 [1,2]). The prosperity of humankind has
been supported by our planet’s ecological and biophysical systems, and involved the deprivation of
natural ecosystems, some of them hardly recovered by future generations (e.g., Amazon deforestation).
Under this scenario, ‘being green” has become the epitome of post-modern and developed societies.
As such, there has been a shift from poor or no environmental awareness (i.e., affective, cognitive,
dispositional and behaviour factors that make individuals engage in pro-environmental behaviours [3])
to a generalized concern about environmental issues and the implementation of pro-environment
actions at individual, community and political levels [4]. Data from the Special Eurobarometer 340:
Science and Technology support the increased importance given to environmental issues by revealing
that these are at the top of the list of interests of citizens from the European Union (EU-27; 37%),
followed by medical and scientific discoveries (32%) and technological developments (30%) [5]. In some
cases, being green and adopting an eco-friendly lifestyle become a source of stress and anxiety at
the individual level, which can induce unhealthy behaviours (e.g., stop visiting relatives to avoid
spending fuel, food habits that may result in malnutrition stata) that may indicate some degree of
psychological dysfunction. Indeed, the term ecorexia was first used in 2008-2009 to refer to those
pursuing “green perfection”, even though that would cause them some level of physical and/or
psychological discomfort [6].

Our current knowledge about the consequences of human-induced environmental changes is
unprecedented, and so it is the acknowledgement that our health and well-being depend on the natural
environment. However, the link between the two—human health and natural environment—has
been mainly considered from a narrow perspective. In this context, a limited set of environmental
determinants (physical, chemical and biological) has been considered in relation to human health [7-9].
However, this is not only insufficient to capture the multitude of environmental health determinants
to which we are exposed to in our daily lives, but it also disregards the urgent necessity to secure a
balance between human health and the health of the planet [2,10]. So, there is space, and need, for a
paradigm shift in environmental health involving the progressive abandonment of the traditional
and narrow-focused “source-exposure-receptor” model and the adoption of a biopsychosocial model
of environmental health, permeable to the introduction of additional layers, while simultaneously
fostering environmental sustainability [11].

Grasping a Broader Perspective of Environmental Health

In a changing world that calls for attention to human health and well-being gains in relation to
environmental sustainability [10,12], the Institute of Environmental Health (ISAMB) of the Lisbon School
of Medicine was created. This is a young research institute that is devoted to the study of environmental
determinants of human health broadly considered, and contributes to inequities” reduction while
considering environmental sustainability (Figure 1) within a planetary health paradigm [10]. ISAMB
conceptualizes ‘environmental health’ as the assessment and management of ‘modifiable’ environmental
factors (physical, biological, chemical, digital, psychosocial, political, socioeconomic and cultural),
from both multidimensional natural and built environments that determine human health and
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well-being, as well as related behaviours, in a lifespan perspective [13]. As such, human behavioural
change, both at the individual and community levels, is assumed as essential to achieve sustainable
health supportive environments.

Human Health

Effect (health gains/ deterioration) Disciplines of thought / research
Cardiovascular diseases Oncological Individual =P | Clinical studies / Epigenetics / Biomonitoring /
Metabolic diseases diseases Psychology
Respiratory diseases  Mental disorders —_

= | | Diarrheal diseases Road traffic Local / Community Public Health Studies / Epidemiology /
Infectious diseases accidents Global (e.g., climate €= | Psychology / Sociology / Bioethics / Health /
change, biodiversity) Impact / Theories of i

- Vulnerability / Perception of risks Environmental
- Severity Health Behaviors
- Pros & Cons of preventive/interventive behaviors/actions

Adaptation

Public perception of environmental health
measures

P

Mitigation

measures Health of the Environment (Planetary Health) measures
Physical/chemical/biological
+ Sanitation * Air pollution (outdoor/indoor)
+ Water/soil contaminants « Food safety and security
* Microbiological contaminants
<
o Psychosocial environments
« Family / Social capital / Social networks  « Institutional contexts (e.g., elderly homes, hospitals)
* Labor context « Economic/policy-defined contexts
Built environments
« Digital environments * Housing
+ Urban settings * Roads

Figure 1. A broad perspective of Environmental Health regarding the interplay between human health
and the health of the environment.

ISAMB is embedded in a very particular ecosystem. It is located within the facilities of the largest
medical school and university hospital in Portugal and right next door to the Preventive Medicine and
Public Health Institute from the Lisbon School of Medicine. Thus, research being conducted at ISAMB
benefits from the interconnections between the clinical and academic settings, namely concerning:
(a) healthy ageing as a priority for health and socioeconomic policy agendas; (b) health promotion
and disease treatment accounting for modifiable environmental health determinants, from a lifespan
perspective; and (c) improvement of human health while assuring environmental sustainability.

In-house research is led by five independent, though complementary in nature, research groups
(RGs) (Table 1). In a rapidly changing environment, RG “Environment and infectious diseases”
and RG “Environment and non-communicable diseases” investigate the prevalence and aetiology
of infectious and non-communicable diseases (NCDs), respectively, by considering a broad set of
environmental health determinants. These two RGs make use of sound epidemiological surveillance
systems, which allow (a) the timely detection of disease outbreaks in the case of infectious diseases,
and (b) the design of patient-tailored rehabilitation programs for individuals diagnosed with NCDs.

Health promotion and disease prevention through the creation of health supportive environments
and empowerment of individuals to control their own health are the guiding principles of two
other RGs; the RG “Supportive environments for Public Health and Health Promotion” and the RG
“Supportive environments for individuals’ lifespan development”. Whereas the former RG is much
focused on health promotion at the community by acting on modifiable physical, psychosocial and
digital environmental determinants, the latter one focuses on empowering individuals to take control
of their health within their contextual environments (from schools to elderly homes).

Finally, the RG “Ecogenetics and human health” addresses the pathophysiology of infectious and
non-communicable diseases by considering the interplay between genetic, epigenetic and (modifiable
and non-modifiable) environmental determinants.
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Table 1. Research groups and labs of the Institute of Environmental Health (ISAMB).

Main Research Line(s)

Main Scientific Disciplines Involved

Research Groups

Environment and infectious
diseases

Environmental determinants of
infectious diseases in their
broadest sense

Medicine, Veterinary Medicine,
Biology, Pharmacy, Biochemistry,
Epidemiology, Public Health,
Environmental Health

Environment and
non-communicable diseases
(NCDs)

Environmental determinants of
NCDs

Medicine, Nutrition, Psychology,
Physiology, Physiotherapy,
Environmental Health

Supportive environments for
public health and health
promotion

Multisectoral approach to social
and environmental determinants
of health

Public Health, Medicine, Nursing,
Health Sociology, Health Psychology,
Biostatistics, Biology, Anthropology,
Nutritional Sciences, Physical Activity
Sciences, Environmental Health

Supportive environments for
individuals’ lifespan
development

Relation between supportive
environments and human health
throughout life, from an
intergenerational perspective

Health and Clinical Psychology,
Environmental Psychology,
Developmental Psychology,
Cognitive Sciences, Behavioural
Economics, Behavioural Medicine,
Health Sociology, Biology, Nutritional
Sciences, Physical Activity Sciences,
Anthropology, Sustainability Sciences,
Public Health, Biostatistics,
Environmental Health

Ecogenetics and human health

Genetic, epigenetic and
(modifiable and non-modifiable)
environmental determinants of
infectious diseases and NCDs

Medicine, Pharmacy, Genetics,
Toxicology, Biochemistry, Ecology,
Psychology, Public Health,
Veterinary Medicine, Nutritional
Sciences, Physical Activity Sciences,
Environmental Health

Research Labs

Environmental Health
Behaviour

Human behaviour as effect and
determinant of modifications on
human and environmental
health

Health Psychology,

Environmental Psychology,

Cognitive Sciences, Behavioural
Economics, Health Sociology, Biology,
Veterinary Medicine, Nutritional
Sciences, Physical Activity Sciences,
Anthropology, Architecture,

Human Geography, Biostatistics,
Strategic Communication,
Environmental Health

Environmental Health
Microbiology

Environmental determinants of
antimicrobial resistance and
virulence in different settings

Microbiology, Public Health,
Epidemiology, Biology (Molecular
Genetics), Environmental Science,
Medicine, Environmental Health

Research being conducted at each of the five RGs is complemented and integrated by two
research labs: the “Environmental Health Behaviour (EnviHeB) Lab” and the “Environmental Health
Microbiology (EnviHealthMicro) Lab”. Each lab is devoted to specific research objectives with
cross-sectional relevance for the five RGs. Furthermore, whereas the five RGs pursue distinct though
complementary research lines under a broad concept of environmental health—occupational settings,

health promotion, lifespan development and active ageing, infectious and non-communicable diseases,

ecogenetics—each lab aims at novel knowledge production and integration of the environmental health

phenomena addressed across the five RGs.
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In the following sections, the five RGs and the two labs of ISAMB are described in more detail,
with a particular focus on their main research endeavours and on how these contribute to better human
health while fostering environmental sustainability.

2. ISAMB'’s Research Groups: Environmental Health Research Domains and Contributions

2.1. Research Group “Environment and Infectious Diseases”

A hot environmental health topic in the last few years has been the changes that have occurred
in the geographical and seasonal distribution range of several species, including infective pathogens
(e.g., viruses, bacteria and parasites), as a consequence of habitat fragmentation, and more recently,
as a response to climate change [14]. This situation implies consequences for the natural ecosystems,
including their equilibrium, but also for human health, especially regarding infectious diseases [15].
Indeed, the life cycles of infective pathogens are temperature-dependent, which means that climate
change, combined with globalization and facilitated human transportation, can create opportunities
for these organisms to spread out of their ecological distribution range to areas that may provide them,
among other favourable conditions, with the optimal temperatures for their development, growth and
reproduction [16,17].

In Portugal, the growing concern regarding vector-borne diseases is supported by two factors.
First, the Mediterranean region, where Portugal is located, is considered to be a climate change hotspot
and current projections indicate that this region will be hit by dramatic changes in temperature and
precipitation in the upcoming years [18,19]. Second, historical outbreaks of relevant vector-borne
diseases (i.e., malaria, mediterranean spotted fever, Lyme borreliosis, and dengue) have been detected
in the country [20]. Against this background, the National Network for Vector Surveillance (REVIVE)
was created in 2008 to tackle this issue (see Table S1 in Supplementary Materials for more information
regarding RG “Environment and infectious diseases” research lines/projects). REVIVE is a collaborative
network of infectious diseases specialists (medical doctors and researchers), health professionals and
staff from the Portuguese Regional Health Authorities (Mainland, Azores and Madeira Islands) and the
Directorate-General of Health, which is coordinated by the National Institute of Health Doutor Ricardo
Jorge. Researchers from ISAMB’s “Environment and infectious diseases” research group also take part
in the REVIVE network. Since its establishment, REVIVE plays a key role in gathering information
concerning (a) the distribution, abundance and ecology of species of hematophagous arthropods,
(b) the identity and seasonal occurrence of vector-borne agents, and (c) the identification of public
health-relevant pathogenic agents. Data collected within the REVIVE network follow two main paths:
(a) scientific knowledge on animal vectors and pathogens (e.g., ecology, occurrence) that is shared with
peers, and (b) regular reports to inform health policies by the Portuguese Public Health Authorities.
REVIVE was designed as a monitoring program that allows the timely detection of any changes in
abundance and species diversity of mosquitoes (REVIVE-Mosquitoes) and ticks (REVIVE-Ticks) that
may cause harm to human health, thus supporting timely and effective control measures rather than
emergency responses by health authorities. For example, within REVIVE-Mosquitoes, 24 species
of mosquitoes were identified for the period 2008-2014 from a pool of 500,000 mosquitoes trapped
across the country, and no pathogenic viral activity for humans was detected in these mosquitoes’
populations [21]. Apart from agents with human pathogenic activity already reported for Portugal,
human pathogenic agents reported from other countries were also punctually identified within
REVIVE-Ticks for the period 2011-2015 [17], which strengthens the need for regular and detailed
control actions in order to prevent disease outbreaks.

Within the context of infectious diseases, food safety has also grown to be relevant in recent
years [22]. Warmer temperatures in association with decreased rainfall are expected to influence
the distribution, survival and transmission of pathogenic microorganisms (e.g., bacteria, virus and
fungi) with consequences for the patterns of their corresponding foodborne diseases. In addition
to the impacts for human and animal health of food contamination by microorganisms, this issue is
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anticipated to aggravate health and social inequities between developed and developing countries [23].
While research in this topic is flourishing in Europe and North America, less is known from African
countries [24,25]. First of all, this happens because many food-borne diseases lack specific symptoms
and the incubation period between infection and symptoms is generally long, which cumulatively
challenges the adequate diagnosis and identification of the food vehicle that resulted in exposure. This is
a common difficulty to the proper diagnosis of a foodborne disease, which is aggravated in developing
countries by the long distances between communities, inexistence of (adequate) communication
infrastructures, and the lack of human and material resources ensuring proper surveillance programs
and responses [26]. Under this context, researchers from this RG are collaborating with Mozambique’s
local health authorities and researchers in order to detect foodborne parasites (Cryptosporidium spp.,
Giardia duodenalis and microsporidia) in vegetables for sale in the farmer markets in Maputo city.
This is an ongoing project involving the local community (i.e., food vendors), which results from a
longstanding successful collaboration between researchers from the two countries under the topic of
infectious diseases. The outputs of this project are expected to support the development of (a) health
literacy actions tailored for food vendors, (b) a reliable and sustainable system for provision of drinking
water and sewage disposal at the community, and (c) food safety guidelines and tools, tailored to the
specific characteristics of each local farmer markets, to be implemented by the local health authorities,
thus reducing the changes for food contamination and disease outbreaks (e.g., [27]).

Environmental changes alone, namely climate change, cannot explain the emergence or
re-emergence of infectious pathogens. Instead, multiple factors have been implicated in the process,
and these include technology and industry-related determinants, namely referring to changes in
food processing or to the widespread use of antibiotics, inadequate public health control measures,
demographic processes (e.g., migration), and human behaviour at individual or societal levels,
such as risky sexual behaviour, intravenous drug use and human migrations, among others [28].
An environmental health currently relevant issue is human infection by thermotolerant fungi, namely by
Candida auris, in hospital wards [29,30]. This fungi is expected to be favoured over less thermotolerant
species in a context of climate change towards increasingly warmer temperatures, which potentially
leads to changes in the distribution range of heat-tolerant vs. susceptible fungal species [31-33]. In the
particular case of C. auris, this pathogenic fungi is easily confounded with less aggressive species of
the same genus, which makes it harder for the researchers to identify its environmental reservoirs,
ecological niches outside hospital wards, and selective pressures responsible for its emergence [34-36].
Several hypothesis have been pointed out to explain its successful widespread, including rising
temperatures [34,37,38] and the widespread use of antifungal drugs [39]. This RG is highly committed
to contribute further knowledge to disentangle the environmental variables favouring the emergence
of fungi infections among in-patients, and the outputs from the ongoing project about the hospital
mycobiome will assist the design of (cost and time) effective control measures for reducing fungi
exposure to be implemented in the hospital setting. To accomplish this, a multidisciplinary team
of researchers is working in close association with the hospital community to (a) characterize the
hospital mycobiome, namely by identifying the fungal species (pathogenic and non-pathogenic) that
colonize this setting, their frequency and distribution, and to (b) study the ecology of high concern
pathogenic fungi, including its environmental reservoirs inside and outside the hospital setting, and the
interactions with other microorganisms that might facilitate or halt their successful spread.

As previously mentioned, multiple factors are involved in the spread of infectious diseases,
including human behaviour and lifestyle. This is particularly relevant in the case of sexually transmitted
infections, but also concerning the spread of infections among intravenous drug users through the
sharing of contaminated injection material, such as needles. Intravenous drug users are a high-risk
population for viral hepatitis C (HCV): almost one quarter of the patients infected with HCV inject drugs,
and more than half of the intravenous drug users were diagnosed with chronic HCV infection [40,41].
Given the high burden and increasing mortality of viral hepatitis (mortality globally increased 22%
between 2010 and 2015) [40], responses at all scales—local, national and global—are urgently needed.
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To start, further knowledge on the psychosocial environment where drug injection takes place will
shed light on the route(s) of transmission. The available evidence indicates that injecting drugs per se
does not seem to be the leading cause of HCV infection [42,43]. On the contrary, engaging in unsafe
injecting practices, such as sharing contaminated injection material (e.g., needles, syringes, ‘cookers’,
and filters) mostly contribute to the spread of the virus [43,44]. In the same way, social contexts
favouring limited access to sterile injecting equipment, such as prisons, tend to be associated with a
higher risk for HCV infection [44]. In this context, this RG is gathering epidemiological data on HCV
prevalence among intravenous drug users in Portugal and producing a detailed characterization of
the psychosocial contexts where injection activities occur (e.g., prisons, syringe exchange programs),
which will contribute, in the first place, to define a national health strategy to tackle HCV infection.
Apart from contributing for the design and implementation of health policies that maintain and,
if possible, increase the quality of life of people living with HCV, outputs from this project will also
assist the development of prevention programs targeted to at-risk populations in order to break the
chain of infection and decrease the prevalence of HCV in Portugal.

2.2. Research Group “Environment and Non-Communicable Diseases”

The combined action of a longer life expectancy and environmental exposure to risk factors
throughout the lifespan has motivated increased attention to non-communicable diseases (NCDs)
and associated disability [45]. This type of diseases constitutes a major challenge to sustainable
development [46] as they disproportionately tend to affect people from developing countries,
thus contributing to increased health inequities at the global scale. In line with this, the third Sustainable
Development Goal defined in 2015 within the 2030 Agenda for Sustainable Development has sought
to address these concerns by establishing an ambitious objective—to reduce by one-third premature
mortality from NCDs through prevention and treatment by 2030 [47]. This is a demanding challenge,
because numerous genetic, physiological, behavioural and environmental factors, with different
weights, might be involved in the aetiology of disease. Prevention and treatment strategies for NCDs
have been mainly focused on clinical and/or public health interventions, targeting behavioural risk
factors, such as tobacco use, physical inactivity, or unhealthy diet, or recurring to the use of drugs
or other health technologies. Most of these human health-oriented actions impact environmental
sustainability (mainly in a negative manner through increased waste production, carbon emissions,
etc.), but also seem to be not enough to tackle NCDs, which is mostly due to the multitude of NCDs
determinants and their complex interactions. Therefore, environmentally-based public health and
clinical approaches potentially provide more informative data concerning the prevalence of NCDs,

7

corresponding risk factors, and the environmental impact of NCDs prevention and treatment strategies.

Uneven exposure of the world’s population to environmental risk factors for NCDs is indisputable.
For example, exposure to air pollution is expected to be more prevalent in urban (vs. rural) areas.
Moreover, even in rural areas, exposure to outdoor polluted air is expected to be increased in
communities living in the vicinity of industrial plants or close to highways. As a consequence,
differences in the prevalence of NCDs, namely chronic respiratory diseases, are expected. The lack of
environmental exposure data motivated the creation of the Burden of Obstructive Lung Disease (BOLD)
Initiative, an international consortium that aims to estimate the prevalence of chronic obstructive
pulmonary disease (COPD) and to identify environmental risk factors for COPD across developed and
developing countries [48]. This RG takes part in the BOLD Initiative and is responsible for conducting
data collection in Portugal, one of the participating countries in the project, by using cross-sectional
surveys following standardized methods and meeting high levels of quality control. Baseline data
collection covered more than 30,000 individuals from 42 countries and provided relevant information
concerning the prevalence of COPD across countries and exposure to environmental risk factors for
COPD [49], thus allowing for the estimation of COPD-related social and economic burden, namely the
health care costs associated. By mapping the worldwide situation concerning COPD and supporting
informed public health policy decisions [50-53], which are tailored to the specific situation of each
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country, BOLD Initiative will ultimately contribute to reduce health and social inequities between
developed and developing countries.

Another main issue regarding further understanding and effective treatment of NCDs at the
individual and community levels concerns the access and integration of real-world data, aiming to the
generation of real-world evidence. For example, electronic health records contain retrospective
(quantitative and qualitative) information on physical and/or mental health conditions of the
patients, prescriptions, sociodemographic and lifestyle data, and other relevant environmental health
determinants. The potential of these data for the report on quality indicators of healthcare providers,
epidemiological surveillance (e.g., disease outbreaks), and the translation of personalized medicine
into clinical practice, has attracted much attention in recent years. However, electronic health records
are mainly text-based and thus, the analysis of such large amounts of unstructured big data to obtain
clinical-relevant and meaningful information has been based on the implementation of artificial
intelligence algorithms [54,55]. Researchers from the “Environment and non-communicable diseases”
RG teamed up with software developers, who are highly experienced in applying artificial intelligence
algorithms to the analysis of biomedical data, in order to identify (a) environmental health determinants
of NCDs, with a particular focus on respiratory diseases, and (b) healthy ageing determinants (protection
profiles), as opposed to disability and premature death determinants (risk profiles) of Portuguese
adults. This is an ongoing project that makes use of the national health databases to address the
mentioned aims. Apart from the academic interest of this project, expected outcomes will contribute
for a cost-efficient and timely answer from the health providers concerning NCDs; it will also produce
relevant information to support healthy ageing policies in the country.

In the age of personalized medicine, the integrated analysis of data from the electronic health
records (i.e., individual phenotypical data) and individual molecular information (e.g., multi-omics data)
benefits from recent advances in big data management and analysis, and provides an unprecedented
opportunity for individual-tailored diagnosis and therapy (e.g., [54,56]). Within this context,
researchers from this RG have been involved in several projects aimed at identifying the specific
biomarkers for the obstructive sleep apnoea, which has been also associated to negative cardiovascular
outcomes [57], and lung cancer. Putative biomarkers for obstructive sleep apnoea [58,59] and for
the association between obstructive sleep apnoea and lung cancer [58,59] were identified through
biochemical determination. The exploratory approach using molecular genetics and proteomics have
already produced relevant results concerning the identification of biomarkers for these two health
conditions [60-64] (Table S2). Once the identification of biomarkers is validated, these data can be
translated into a proteomics-based non-invasive testing for screening, diagnosis, and/or treatment of
obstructive sleep apnoea and lung cancer. The following step is to use machine learning algorithms
to integrate molecular genetics and proteomics data with information on environmental exposure
to risk factors (e.g., second-hand smoke exposure, occupational exposure, exposure to heat waves,
eating habits), thus increasing the ability of health providers to administer safer and more effective
health treatments to their patients.

Finally, the contribution of RG “Environment and non-communicable diseases” to individual-tailored
healthcare solutions include the design of a patient-tailored pulmonary telerehabilitation program,
which enable patients to receive individual healthcare regardless of where they live [65], thus avoiding
unnecessary hospital consultations. This program has relevant benefits for both the patients (e.g., reduced
exposure to environmental determinants of nosocomial disease) and the environment (e.g., reduced carbon
emission associated to regular home-hospital-home commuting). Telerehabilitation has benefit from the
technological developments of recent years and has been increasingly used to remotely monitor patients
during treatment or rehabilitation [66]. SmartReab, the innovative telemedicine solution developed by
this RG, combines a smartphone telemonitoring system with a mobile software application connected to
an accelerometer sensor and to an oximeter [67,68]. It has proven successful in measuring the intensity of
physical activity by patients and, at the same time, tissue oxygenation levels. Physical inactivity is the
fourth most important risk factor worldwide for ill health [69], and decreasing the sedentary behaviour
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of individuals diagnosed with chronic diseases is crucial to maintain optimal health. An interesting
feature of this method is the possibility for using regular monitoring data collected to design a tailored
intervention for patient pulmonary rehabilitation, while potentially increasing treatment adherence and
long-term compliance with the program [68].

2.3. Research Group “Supportive Environments for Public Health and Health Promotion”

As already pointed out, the world is going through unprecedented demographic changes.
An inversion of the age pyramid [70,71] has been associated with a dramatic increase in life
expectancy [72] and a decrease in fertility rates [73]. This has brought several economic and social
challenges [74], namely concerning the development of public health policies aimed at healthy ageing.
A central aspect to public health policies and health promotion actions is the environment in which
individuals are embedded, as acknowledged in the Ottawa Charter for Health Promotion [75]. As such,
a great emphasis of RG “Supportive environments for Public Health and Health Promotion” is placed
upon the creation of sustainable health supportive environments—safer, enjoyable, all-inclusive settings
that make healthier choices the easiest ones for the local communities at various levels, including the
neighbourhood, health units and the workplace, while fostering individuals” active participation in
health and promoting the contact with the natural environment in a sustainable fashion.

A key aspect in health promotion, as argued for in the Ottawa Charter for Health Promotion, is the
combined action of intersectoral measures targeting opportunities for the individuals to efficiently use
information in order to make healthier choices and improve their health and wellbeing throughout the
life course [75]. A good example of this situation is food purchasing. How to increase consumer’s
awareness of food nutritional quality at the time of purchasing? Front-of-pack nutrition labels have
been pointed out as a key determinant of consumer healthier food choices (e.g., [76]). However,
no front-of-pack nutrition label is consensual as the most effective one and thus, consumers are faced
with different front-of-pack nutrition label schemes at the time of purchasing, which hinders easy and
fast comparability between products and, ultimately, precludes a conscious healthy choice. This leaves
the decision on which scheme to be adopted by the food retail operators, within a specific cultural
context, to the health authorities. Under this context, researchers from RG “Supportive environments
for Public Health and Health Promotion” used a prospective health impact assessment approach to
formally examine the potential health impacts of endorsing one front-of-pack nutrition label scheme to
be adopted by Portuguese food retailers [77,78] (Table S3). This project resulted from the collaboration
of relevant stakeholders—researchers, health authorities, food retailers and consumers—and the
outcomes will inform health policies concerning nutritional labelling in Portugal, a subject that is
currently under discussion by the competent national authorities.

Another topic of increased interest in recent years has been social prescribing as an avenue
to provide patients with individualized healthcare while promoting health and well-being [79,80].
This approach assumes that tackling social determinants of health and well-being are as important as
physiological determinants, and thus, it makes uses of the supportive services in the community to
increase health and well-being gains while empowering individuals to take control over their health [79].
For example, referrals by general practitioners to community-based green exercise, i.e., physical activity
in natural environments, have proven successful in promoting health and well-being across all ages,
although much emphasis has been placed on older people and at-risk groups of the population for
NCDs [81]. Exercising in contact with nature offers an excellent opportunity for promoting health gains
in a bidirectional fashion, i.e., health gains at both human and ecosystem levels. Indeed, it is possible
to contribute to environmental sustainability while exercising and reducing sedentary behaviours
by electing soft mobility alternatives (e.g., walking, cycling) or improving green spaces through tree
plantation [82], among others. This RG is leading an ongoing project aimed at implementing and
assessing the effectiveness of a social prescribing intervention for Portuguese individuals aged 55 and
over. This project involves a network of social prescribers (health professionals from primary health
care units), social users (individuals who will engage in the community-based activities) and social
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providers (non-clinically trained individuals who work at supportive services in the community).
Expected outcomes will (a) contribute knowledge on the impacts of social prescribing as a health
promotion strategy as a whole, namely concerning the factors promoting and/or hindering adherence
to the program, and (b) provide policy makers with relevant data that support intersectoral informed
decision aimed at improved health, social and health equity.

This RG is also concerned about challenges to health equity imposed by global issues. As a matter
of fact, health promotion actions are defied by the current global patterns of increased migration [83].
For example, during their inclusion process in the host country, migrant women often take low-skilled,
poorly paid jobs, which greatly determines their increased risk of poverty, which combined with their
limited access to healthcare (not properly provided by the host countries during the initial phase
of their integration or not searched for by the women due to financial difficulties) exposes them
to increased health vulnerability. However, social determinants of health in migrant populations
have been seldom explored [84], which motivated our RG to design a project aimed at exploring
intersectoral inequalities, at the socioeconomic and political systems, and facets of the acculturation
process that might determine sexual and reproductive inequalities in health between migrants living
in Portugal and Portuguese individuals [85]. This is an ongoing study that targets the Cape Verdean
community living in Portugal, which is the second-largest foreign community residing in the country
according to recent demographic data [86]. Expected outcomes will support informed policy making
concerning (a) the social determinants of sexual and reproductive health of a very specific vulnerable
population, (b) the actions needed to create supportive environments that promote their healthier and
safer integration in the host communities, namely regarding their kids in school, access to healthcare
and family planning services, a smooth acculturation process while maintaining their cultural identity
and practices, among others, and (c) the reduction of the social stigma towards migrant communities.

2.4. Research Group “Supportive Environments for Individuals” Lifespan Development”

Itis widely recognized that health and health behaviours in adolescence and adulthood are strongly
associated. Despite much attention being initially placed on the social contexts and determinants
during childhood that affect health and health behaviours during adulthood [87], the relation
between social determinants during adolescence and health outcomes during adulthood has received
increased attention in recent years (e.g., [88,89]). During adolescence, family is not the single primary
environmental health determinant. At this stage, the school environment, the neighbourhood and
peers collectively determine also the adoption of health behaviours concerning physical activity,
healthy eating, drugs misuse and sex, these being major determinants of later life health outcomes and
inequities [87]. Under this scenario, the meaningful involvement of the target population, adolescents
in this case, throughout the whole process of designing and implementing health promotion and
disease prevention programs potentially scales up their chances of success [90-92]. One of the great
challenges of such a participatory approach to adolescents” health is to make them feel competent,
motivated and to create opportunities for environmental behaviour change to take place [93]—this
perspective emphasizes the relation between supportive environments (i.e., the ‘opportunities’) and
health and wellbeing throughout the life course.

The scarcity of data on Portuguese adolescents’ social behaviour, namely at the school environment,
and later health outcomes motivated the design and implementation of the Social Adventure Project
(SAP), back in 1987. Several researchers from the RG “Supportive environments for individuals’ lifespan
development” have been actively involved in the project since its inception. The SAP has been used as
a regular monitoring initiative of the adolescents” health behaviours in their environmental contexts,
but also as a privileged space to motivate youngsters to engage in community-based approaches to
health and wellbeing promotion. Importantly, youngsters are challenged to focus on the environmental
factors that maintain and sustain health and wellbeing rather than devoting much attention to risk
factors [94-96]. The SAP later integrated the Health Behaviour in School-Aged Children (HBSC)
study [97,98], a World Health Organization collaborative survey implemented in 1994 that now includes
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50 countries across Europe and North America. The HBSC study collects information about youngsters’
health behaviours and well-being in their environmental contexts—at their home, at school, at their
neighbourhood, and during leisure time. This regular survey (conducted every four years) provides a
relevant dataset on several behavioural and health-related domains, as well as on health and well-being
determinants, such as digital contexts and climate change. Data from the SAP and the HBSC have been
serving the following purposes: (a) to advance knowledge on health behaviour among adolescents,
(b) to support the design and implementation of cost-effective and sustainable participatory research
projects involving youngsters aimed at health promotion and environmental sustainability [99-102],
and (c) to inform health policies concerning relevant environmental determinants of health behaviours
among adolescents.

Youth meaningful engagement within their communities in a broadest sense (i.e., family,
peer groups, school, neighbourhood) builds on youth strengths in order to develop health promotion
programs centred on youth happiness and well-being, thus strengthening their competences in a positive
and constructive manner instead of focusing on disease [94,95]. This approach is particularly relevant
in a changing world—we are witnessing profound changes in natural environments, political and
socioeconomic systems, psychosocial environment, among others—that call for youth prosocial
involvement in a lifespan perspective. This was the trigger needed for this RG to go further the
SAP and implement the Dream Teens project, which aimed to empower Portuguese youth and to
provide them with the opportunities for playing an active role in decision making concerning issues
affecting their lives and the communities where they live [90]. Youth involved in Dream Teens project
developed and strengthened positive assets, namely leadership, interpersonal and action-research
skills, which contributed to empowering them to identify problems in their life contexts and propose
corresponding solving strategies. Moreover, a communication channel with policy makers was also
opened during the project, and youth involved had the opportunity to directly discuss their concerns
with decision makers [103], and to some degree, to influence political decisions concerning relevant
health issues for them. Dream Teens is a successful project that already has two ongoing spin-off
projects: Dream Teens powered by Cascais Jovem and #Generation with a Voice. While the original
project is much concerned with health issues, the latter two go further and aim at awareness raising
and discussion around intergenerational justice, climate change and sustainability, thus assuming a
lifespan perspective in the creation of environments that ease healthier choices (Table S4).

It is widely recognized that social participation is important in all ages, this being associated
with better health and well-being outcomes and the promotion of active ageing [104,105]. However,
social participation tends to decrease as people grow older (e.g., [106,107]), which can be mitigated
by developing intergenerational programs that put together younger and older generations.
Intergenerational programs for promoting social participation are associated with enhanced self-esteem,
improved social skills, better overall health and well-being, and connectedness to the community
among those involved [108]. Under this context, this RG considers that intergenerational projects aimed
at increased social participation are fundamental to contribute to healthy ageing in a world growing
older. The first steps in this area are now being given by this RG with the project Inter-help, which aims
at promoting individual skills and resources, such as leadership and interpersonal skills, as well as to
strengthen social networks in the elderly population through their active involvement and participation
in activities and organizations from the community in an intergenerational perspective. A great
challenge to this approach is that community engagement, of both youth and old populations, is not
exclusively dependent on the individuals; it is also determined by environmental factors that should
be taken into account in the design and implementation of such health promotion strategies [109].

As previously mentioned, a more complete picture of youngsters’ health behaviours and
well-being should consider them in their various environmental contexts—at their home, at school,
at their neighbourhood, and during leisure time. This is also true when it comes to the design and
implementation of action-research participatory programs for health promotion across all ages. As such,
this RG is currently leading intervention programs at the family, school and hospital environmental
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contexts. A common goal to these projects is to strengthen competences, and to motivate and create the
opportunities for environmental health behaviour change of the involved parties. Briefly, Adventure in
Parenting adopts an intergenerational perspective by involving young people, parents and grandparents
around the strengthening of nurturing relationships within the family, empowerment of the individuals
concerning their health and well-being and their engagement in social participation activities that foster
sustainable health and lifestyle. By involving all levels within the school organization, from the students
to the principal director, school projects led by this RG aim to promote educational organizations as
friendly and sheltering environments for health and well-being, while strengthening students and
staff leadership skills in health. Finally, a multidimensional approach involving health and non-health
professionals, as well as patients, is currently being implemented in the hospital setting, which aims at
promoting health organizations as sustainable, friendly and sheltering environments for health and
well-being. This project assumes a particular relevance in the current COVID-19 pandemic, given the
high distress levels that health professionals in the frontline are experiencing [110], patients without
COVID-19 who are afraid to seek help [111], postponed surgical procedures [112], among other factors
that challenge the provision of healthcare and the sustainability of health organizations.

2.5. Research Group “Ecogenetics and Human Health”

Genetic factors determine the susceptibility of individuals to environmentally-induced adverse
health outcomes. As such, health effects driven by the exposure to environmental factors result
from the intricate links between the underlying characteristics of the environmental agent to which
the individual is exposed and the biochemical response of the individual, which is known to be
genetically determined [113,114]. The advent of modern molecular techniques (e.g., real-time PCR,
next-generation DNA sequencing, metagenomics and other “omics”) in combination with biochemical,
clinical and epidemiological studies allow the detailed assessment of (a) the interaction(s) between
environmental factors and genetic and epigenetic backgrounds, and (b) the expression of intermediate
(i.e., phenotypes positioned between genetic variation and disease phenotypes) and distant (i.e., disease)
phenotypes and disease risk and how this is modulated by the interaction between environmental and
genetic/epigenetic factors. This approach reduces the risk of bias introduced by behavioural, social and
unknown physiological factors to our knowledge on the real extent of the effect(s) of a suspected
environmental exposure on infectious and non-communicable diseases risk.

As previously mentioned, the creation of supportive environments to which the individual
is exposed during the entire lifespan, starting from pre-conception until elderly, also assuming an
intergenerational approach, is fundamental for better health. Under this context, further understanding
on the pathophysiology of diseases, namely through the identification of genetic, epigenetic and
(modifiable and non-modifiable) environmental factors involved in the aetiology of multifactorial
diseases, is crucial for health promotion and disease prevention programs, but also for disease early
screening and treatment. As such, this RG has been leading projects (Table S5) aimed at identifying (a)
susceptibility genes for the development of a given pathology (distant genotype-distant phenotype)
under specific environmental conditions, (b) biomarkers (biochemical and cellular) associated to disease
(intermediate phenotype-distant phenotype), and (c) candidate genes modulating the expression of
those biomarkers (genotype-intermediate phenotype). Relevant contributions, at both academic and
clinical practice levels, include the genetic profiling and identification of biomarkers for infectious
diseases (human papillomavirus infection and cervix cancer, viral hepatitis C), NCDs (obesity,
hypertension, diabetes, asthma, polycystic kidney disease, alcoholism-related sickle cell disease),
and longevity-related NCDs (osteoporosis and sarcopenia) [114-120]. These studies cover a wide
range of metabolic (e.g., cellular iron homeostasis, lipids, glucose, neurotransmitters) and signalling
pathways (e.g., amino acid signalling), and inflammation biomarkers (e.g., acute-phase proteins),
among others known to be involved in the pathophysiology of disease.

A comprehensive understanding of the natural history of diseases, including those resulting from
mutations in a single (set of) gene(s), such as sickle cell disease or polycystic kidney disease, will benefit
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from assessing the environmental factors potentially involved. Towards this end, the close collaboration
between researchers of this RG and medical doctors allows to examine the association between patient’s
behavioural data and the development and progression of a given pathology, as well as their role
in modelling biochemical markers and genes’ impact [121,122]. The consideration of environmental
factors is much facilitated by the multidisciplinary nature of ISAMB, which sets the ground for valuable
collaborations among researchers with different skills and expertise to be successfully established.
As such, the set of environmental determinants now considered for the discriminant analysis of
intermediate and distant phenotypes based on the distribution of genetic polymorphic variants
is much broader and include physical (e.g., light and noise), nutritional (i.e., diet), behavioural
(e.g., physical exercise, alcohol consumption, smoking habits and coffee drinking), microbiological
(e.g., microbiota, viruses, bacteria and parasites) and natural environment determinants.

3. ISAMB'’s Research Labs: Environmental Health Research Domains and Contributions

3.1. Environmental Health Behaviour Lab (EnviHeB Lab)

Reduction of red meat consumption, active commuting, visiting green and blue spaces, and using
clean energy are good examples of synergic health and pro-environmental behaviours [123]. If activated
and maintained as habits, these behaviours act as relevant health and sustainability promotion
agents. Indeed, behaviours like these have recently attracted much attention, not only due to their
potential for human health promotion, but also because of their contribution to environmental
sustainability throughout the reduction of greenhouse gas emissions, water and energy saving,
biodiversity protection and reduction of the ecological footprint. In both cases, human health
and environmental sustainability positive outcomes can only be achieved if these behaviours are
activated and maintained as long-standing habits at the individual and community levels, respectively.
However, habit formation is a complex process that initiates when one makes a decision to take action,
for example, getting to work by bike every day, willing to get exercised and/or to contribute to the
reduction in the emission of greenhouse gases. The translation of this behavioural intention into
action takes some planning and self-regulation. For example, after cycling to work several times in
a planned fashion, at some point, this behaviour becomes a habit, i.e., an automatic response that is
activated by environmental cues [124]. As such, the identification of the determinants involved in
habit formation is essential in order to promote behavioural change as part of any effective health
promotion program. In addition, the implementation of cost-effective and sustainable interventions
for environmental health behavioural change, at both individual and community levels, lies in
the application of different theories of health behaviour change, focusing on cognitive processes
(e.g., beliefs, attitudes, intentions and decision-making [125,126]), motivational and self-regulatory
processes [127,128], nudging processes [129,130] and value-based decision processes [131]. Finally,
the effectiveness assessment of such health promotion interventions, i.e., the impact of behavioural
change on relevant health outcomes, usually requires the application of suitable epidemiological tools.

The Environmental Health Behaviour (EnviHeB) Lab is a multidisciplinary research lab devoted
to the study of human behaviour modification, with a particular focus on the formation of habits
that might impact human health as well as environmental sustainability. A guiding principle of the
research being conducted at the EnviHeB Lab is that the concurrent promotion of human health
and well-being, and Earth’s sustainability implies the effective modification of pathogenic habits
(e.g., sedentary behaviour, unhealthy eating behaviour, and excessive waste production) at both
individual and societal levels. Given that a multiplicity of individual (e.g., own personality, cognitive,
volitional and emotional factors), cultural, socioeconomic and political determinants have been
implicated in behavioural choices, environmental health behaviour promotion should be framed within
an ecological model [132,133]. This motivated the EnviHeB Lab to design a cohort (Health Behaviours
and Attitudes, HABITUS) aimed at identifying environmental determinants involved in the aetiology
of health and pro-environmental behaviours, such as smoking cessation, healthy eating, and exercising,
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among others (Table S6). Data collection at baseline was recently conducted and mainly focused on
behaviours (and behavioural change) during social containment due to COVID-19 pandemics. Areas to
be covered within the HABITUS questionnaires are not fixed and each RG within ISAMB contributes
according to their specific research interests—this was already the case for the baseline questionnaire,
which was developed in close collaboration with researchers from RG “Supportive environments for
Public Health and Health Promotion”.

A main challenge to habit formation concerns the change of values as organizing principles,
supporting the adoption of behaviours that, though less gratifying in the short-term, are recognized to
improve human health and potentially contribute to environmental sustainability in the medium- to
long-term. This implies gaining a better understanding on the mechanisms/processes that underlie
the successful repetition of consistent decisions, which ultimately lead to the formation of health
and pro-environmental habits [124,134]. A good example is treatment adherence—what are the
individual and environmental determinants underlying treatment adherence? This question motivated
the EnviHeB Lab, in collaboration with researchers from different RGs within ISAMB, to design
the GamInMind project (Gaming against chronic diseases: A quest for crossroads between joy and
cognitive health) aimed at developing and assessing the effectiveness of a videogame’s platform using
game difficulty balancing technology for training executive cognitive function. Expected outputs from
this project will shed light on the individual’s competences that are involved in treatment adherence,
with promising implications for clinical practice.

As previously discussed within the subsection concerning the RG “Supportive environments for
individuals’ lifespan development”, empowering individuals in relation to their health and supporting
their meaningful involvement in health promotion programs implies making them feel competent,
motivated and creating the opportunities for environmental behaviour change to take place [93]. This is
the underlying principle for the MAMH@WORK project and the Health Promotion Observatory in
Cascais, two projects led by the EnviHeB Lab. MAMH@WORK project was designed to promote
the mental health and well-being of women during the postpartum period, including the return to
work moment, by empowering them in relation to their health and well-being, not only by providing
women with the information and the tools to do it, but also by involving organizational leaders in
the creation of healthy workplaces. Expected outcomes go far beyond merely academic and clinical
practice ones, and will also contribute to (a) set maternal perinatal mental health as a priority in
the political and organizational agendas, (b) to empower women and promote their participation
in the labour market, with a potential positive impact in fertility rates, and (c) to support smart,
sustainable and inclusive economic growth. The Health Promotion Observatory in Cascais was created
within a community-based participatory approach for health promotion concerning healthy eating,
physical activity, and mental health and well-being in Cascais municipality, Lisbon Metropolitan
Area. Researchers from the EnviHeB Lab are responsible for monitoring the health promotion
actions implemented by Cascais municipality and to provide expert advice to their various initiatives.
The outputs from this project have been used to inform political decisions concerning strategic actions to
be implemented for promoting health and well-being of Cascais community members across different
settings—schools, community organizations, health units, neighbourhoods, among others.

Finally, a main ambition of the EnviHeB Lab is to get strategic knowledge about how to better
inform communities about the interconnection between human health and environmental sustainability.
The role of science communication for developing strategies to effectively reach the target population(s)
of a given health promotion program has been increasingly recognized [135,136]. Strategic health
communication is a powerful tool to support the development of effective and insightful health
promotion interventions at different levels of the ecological model applied to health, i.e., a multitude
of individual and social factors that shape behaviours and, consequently, health outcomes [137,138].
As such, a national-based and representative survey aimed to assess perceptions, attitudes and
behavioural intentions related to environmental and human health, with a particular focus on blue
environments (e.g., lakes, rivers, sea, and urban blue spaces) as determinants of human health and
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well-being, was designed and is currently being implemented. This project also aims to (a) measure
pro-environmental health behaviours, and (b) create audiences from segments, which will be used to
develop audience-tailored communication strategies for promoting public engagement in mitigation
and adaptation actions to climate change. Strategic health communication is a recent area of research
within the EnviHeB Lab, which directly and indirectly connects the Lab to the five RGs of ISAMB.

3.2. EnviHealthMicro Lab

Microorganisms (bacteria, virus, and fungi) are increasingly, and alarmingly, becoming resistant
to the medicines used to treat the infectious diseases they cause, which poses significant threats to
human and animal health at the global scale [139-141]. Under a scenario of widespread antimicrobial
resistance (AMR), the burden of drug-resistant infections in the community, and both associated
morbidity and mortality, are expected to increase, which potentially means longer and more severe
illnesses, prolonged lengths of stay in hospitals, increased risk of hospital-acquired infections,
increased mortality and increased costs of treatments. On top of the direct impacts from AMR
to health, illness-related losses of productivity and increased investment in scientific and technological
development (e.g., development of new diagnostic tools and treatments, strengthening of the national
health systems, among others) by the governments to tackle AMR poses several challenges to
the economic growth and sustainable development of each country [140]. The widespread use
of antibiotics [140,142,143] and the spread of drug-resistant microorganisms and genes encoding
for resistance have been pointed out as the main factors driving the rapid bacterial evolution of
resistance [143], and much emphasis has been put into the reduction of antibiotics prescription as an
effective public health measure to tackle AMR [140,143].

Gram-negative bacteria are ubiquitous and cause serious infections, such as pneumonia, bloodstream
infections, wound or surgical site infections, and meningitis, among others. These have evolved several
mechanisms to degrade and/or inactivate antibiotics [144]; therefore, further understanding on how
these mechanisms work and their epidemiology is critical to shed light on how AMR evolves and is
transferred from bacteria to animal hosts, humans included [145]. As such, the Environmental Health
Microbiology (EnviHealthMicro) Lab is highly committed to address the molecular epidemiology and
genetic determinants involved in carbapenem resistance by Enterobacteriaceae isolates in the hospital
setting. These are described to frequently produce enzymes degrading carbapenems, which reduces the
chances of success in the treatment of infections caused by these pathogens, because carbapenems are large
spectrum antibiotics frequently used to treat infectious caused by multidrug-resistant strains [146].
This is an ongoing study that will allow the identification of environmental factors determining
the virulence and infectivity of Enterobacteriaceae isolates in Portuguese hospital settings (Table S7).
A ’sister’ project is currently ongoing for the characterization of the genetic diversity and environmental
determinants involved in AMR by the Klebsiella pneumoniae species complex in both hospital and
community settings, in Portugal. Data available from the hospital setting show that carbapenem-resistant
isolates of K. pneumoniae are able to successfully adapt to the host environment and sustain virulence
via different pathways [147]. The integrated analysis of genetic determinants for carbapenem resistance
(currently ongoing), hospital-related conditions (e.g., hygiene and disinfection practices, ventilation,
health professionals’ behaviour, food handling practices) and host individual characteristics (e.g., general
health status and comorbidities, sociodemographic characteristics, genetic background) will contribute to
the design and implementation of cost-effective and sustainable guidelines for decreasing infection rates
in the hospital (and the community) setting(s).

AMR is a multifactorial issue with negative impacts at various levels, as previously mentioned.
As such, it demands an integrated answer that brings together medical doctors, microbiologists,
veterinarians, epidemiologists, health economists, professionals from the pharmaceutical industry,
social scientists, ecologists, policy makers, among others. We know almost nothing concerning the
environmental determinants of AMR broadly considered. There is some evidence suggesting the role
of educational level, income, public-health spending, and countries governance structure in driving
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AMR [148]. However, what is the relative contribution of each of these factors? Does their relative
weight vary between high- and low-income countries? What about within-countries differences
between rural and urban areas? Relevant questions to be addressed also concern the transfer of
pathogens between hosts from different species. For example, workers in livestock farming are at
an increased risk of getting in contact with resistant pathogens via meat consumption, exposure to
crops contaminated by manure or even through groundwater contamination [140]. The emergence
of resistant pathogens also affects soil biota with consequences for a broad array of ecosystems
services [149]. AMR ultimately threatens global health and sustainability [141]. A main endeavour of
the EnviHealthMicro Lab is to contribute to put AMR in the research and political agendas. The next
steps will be to gain further understanding on the environmental determinants broadly considered that
are involved in AMR—sociodemographic characteristics of the hosts determining higher susceptibility
to infection by resistant pathogens. Future studies addressing health macroeconomics are also planned.

Preventing exposure to environments where the risk of infection is higher is an obvious healthcare
strategy, most especially for vulnerable groups. In recent years, the number of patients receiving
home respiratory therapy (HRT) for chronic respiratory failure (e.g., COPD, neuromuscular diseases,
and obstructive sleep apnoea) has greatly increased. Although moving healthcare from hospitals/health
units to home might decrease the associated burden for health providers, less is known about how
the patients perceive home healthcare [150]. Moreover, the impact of HRT on healthcare associated
infections is not well characterized for the Portuguese population. For example, patients who are on
a ventilator are at an increased risk of lung infection by the bacteria causing pneumonia. As such,
researchers from the EnviHealthMicro Lab are currently working with HRT providers in order to gather
information on the quality, effectiveness and safety of HRT programs, as well as on patients’ experience,
expectations and attitudes towards receiving respiratory therapy at home. Expected outcomes will
assist the design of guidelines for HRT providers, as well as a set of patient-tailored recommendations,
in order to decrease the risk for healthcare associated infections. This project will ultimately contribute
to provide safer and better home respiratory healthcare to the Portuguese population.

The EnviHealthMicro Lab is the youngest Research & Development unit created within ISAMB.
As such, only the first steps were taken in establishing a research agenda that simultaneously meets
EnviHealthMicro Lab members’ research interests and is relevant for the five RG and the EnviHeB
Lab. Nevertheless, collaborative research with the RG “Environment and non-communicable diseases”
concerning the monitoring of patients in a telerehabilitation program has already been established,
namely regarding further understanding of patients’ expectations and the interplay between NCDs
and healthcare associated infections.

4. Conclusions

The interconnections between environment and health have never before been a hot topic as they
are now. We are witnessing unprecedented global environmental changes, such as climate change,
human migrations, a digital and robotic revolution, and (on top of it) a pandemic with unpredictable
health, economic and political consequences. These accelerated-paced changes encompass major
challenges for both human health and environmental sustainability, which calls for a paradigm shift
regarding the way we relate to ourselves, others (humans and animals) and the environment broadly
considered. A wide perspective of environmental health has been sparsely advocated for, and much
action has been mainly focused on environmental needs, such as basic sanitation, the improvement of
agricultural systems and productivity and the reduction of plastic use, among others. We are convinced
that these will continue to drive international and national agendas, and we argue for the harmonious
combination of local and global environmental health needs.

ISAMB is a seven-year-old research institute that, since its inception, has been in the frontline
arguing for a multidimensional approach to environmental health that considers a broad set of
environmental health determinants (e.g., psychosocial, digital, economic and political determinants of
health), from both natural and human-made environments, under a Planetary Health paradigm. Much
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of the research conducted by ISAMB's researchers is within the healthcare sector. However, this is not
a naive approach motivated by its privileged positioning right next door to the largest Portuguese
University Hospital; instead, the deleterious effects to the environmental sustainability arising from
healthcare have been increasingly recognized. The first global estimate of health care’s climate footprint
indicates that, in 2014, it contributed 4.4% to the global net emissions of CO, [151]. In line with
this, an emerging research interest in ISAMB relates to the climate footprint of the healthcare sector,
namely concerning the relative contributions of sources of energy, supply chain, healthcare units’
operational emissions, among others, to the footprint of the healthcare sector.

A pertinent question at this stage is where is ISAMB positioned in relation to its main research
goal (i.e., to study environmental determinants of human health broadly considered and fostering to
contribute to inequities’ reduction; also considering environmental sustainability within a Planetary
Health paradigm), and what are the next steps towards getting closer to fulfil it. ISAMB undoubtedly
assumed a broad perspective of ‘environment” and the research conducted across RGs and Labs
targeted multiple environmental factors, as described in this paper and summarized in Tables S1-57.
An interesting feature of ISAMB is its multidisciplinary character—the main disciplines involved
in the research being conducted in each RG and Lab somehow reflect the academic/professional
background of the team. Moreover, the translation of research findings into informed political
decisions, also by involving policy makers in the research process whenever possible (e.g., NutrHIA
project by “Supportive environments for Public Health and Health Promotion” RG, together with the
EnviHeB Lab; Health Promotion Observatory in Cascais by EnviHeB Lab) has been a main endeavour
across RGs and Labs. Despite these efforts, much can be done concerning the meaningful involvement
of the political and socioeconomic systems towards a coordinated action across sectors of human
activity. One avenue to ease this process is by the creation of an Environmental Health Politics Lab
(EnviHealth Politics Lab), which would be devoted to the investigation in health and environmental
politics, within a Planetary Health paradigm, and would also contribute to ease the translation of
research findings into sustainable health and environmental health policies. Health inequalities have
also been a concern of the researchers in ISAMB. For example, FEMINA project led by “Supportive
environments for Public Health and Health Promotion” RG addresses health inequalities between Cape
Verdean immigrants and Portuguese individuals, with potential impacts concerning public health
policies and inequalities reduction. However, this is not the only one. Research conducted by the
“Environment and infectious diseases” RG on food safety in Maputo farmers markets, Mozambique,
also has the potential to contribute to reduce health inequities between low- and high-income countries.
Finally, ISAMB is giving encouraging steps in the study of how human behaviours affect environmental
sustainability. A good example is the project on the climate footprint of the healthcare sector mentioned
above (currently under peers’ revision). In the near future, ISAMB is highly committed to get its
research closer to its main goal, to continuously foster synergies between RGs and Labs, as well as to
foster scientific maturity and to grow as a research centre.
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