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Background: Natural resource extraction projects (NREPs) might impact the social, economic and health condi-
tions of marginalised and/or vulnerable population groups, such as adolescents. While different types and forms
of impact assessments (IAs) have the aspiration to place particular emphasis on potential project-related effects
Vulnerable /marginalsed groups in vulnerable and/or marginal%sed gr?ups, it remains unclear whether and to what extent health and well-being
Young people of adolescents have been considered in IA of NREPs.

Youth Methodology: We conducted a scoping review of different sources, including peer-reviewed literature, IA reports,
and existing focused IA guidelines to examine whether and how adolescent health and well-being have been
addressed in IA of NREPs. We focussed on the peer-reviewed literature, IA reports and IA guidelines.

Results: Out of 5055 records identified in the peer-reviewed literature, 32 articles were included in the final
analysis. Additionally, 25 IA reports from sub-Saharan African countries and six international IA guidelines were
considered. We found that environmental determinants of health were the main feature addressed in peer-
reviewed publications. Sexually transmitted infections, including HIV/AIDS, were frequently reported health
outcomes in NREP areas that affect adolescents. However, the complex interplay between environmental ex-
posures, social status and risk behaviour of adolescents were rarely investigated. Only a few IA reports identified
adolescents as a specific vulnerable and/or marginalised group. There was a paucity of specific tools and
methodologies in IA guidelines that are tailored to adolescents.

Conclusion: The development and use of specific guidance that provides a framework for IA practitioners to
identify and mitigate health risks in NREP areas is an essential first step towards implementation and better
inclusion of adolescents in current IA practice. This should be complemented by a broad research agenda aiming
to expand the current narrow understanding of how NREPs affect the health and well-being of community
subgroups, including adolescents.

1. Introduction

Over the past several decades, the number of natural resource
extraction projects (NREPs) has increased in many African countries,
particularly in the gas, oil and mining sectors. In turn, there is consid-
erable dependency of NREPs for promoting social and economic devel-
opment (IFC, 2018; Langton and Mazel, 2008). Investments in NREPs
might leverage access to public and private services, including health

care, water, sanitation and education. Indeed, the promise is that NREPs
will foster public health in surrounding communities (Asante and Zwi,
2007; Mactaggart et al., 2018). However, the potential of NREPs to
contribute to social and economic development conflicts with potential
negative health impacts (Winkler et al., 2012; Winkler et al., 2020),
increasing disparities in health status across populations (Landrigan
etal., 2010), especially for poor, marginalised and/or vulnerable groups
living in close proximity to NREPs in low Human Development Index
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(HDI) countries (Goldenberg et al., 2008a). The World Health Organi-
zation (WHO) defines an adolescent as “any person between the ages of
10 and 19” (Azzopardi et al., 2017). This stage of life is considered a
critical juncture in an individual’s development as it is characterised by
remarkable physical, cognitive and socio-emotional changes that have
long-lasting effects on the overall health and well-being (Blakemore and
Mills, 2014; Patton et al., 2016). It is during this transition period that
socialisation and personality development play a vital role to adoles-
cents’ overall health and social well-being (Blakemore and Mills, 2014;
Orben et al., 2020). Compared to children and adults, adolescents have
different exposures and responses to pathogens, diseases and the social
environment, as they are more inclined to experiment and take part in
high-risk behaviours such as unsafe sex, substance abuse and violence,
including self-harm (Werner et al., 2018; Steinberg, 2008). Thus, the
international development community has identified the health, social
development and well-being of adolescents as urgent priorities (Asha
et al., 2021), which is also aligned with the overarching principle of the
Sustainable Development Goals (SDGs) to “leave no one behind” (Asha
et al., 2021).

In order to live up to this aspiration, the global community must
increase investments in programmes, interventions and policies target-
ing the health and well-being of adolescents, particularly for those who
are considered vulnerable and/or marginalised (WHO, 2016; WHO,
2017). Furthermore, efforts are needed to establish platforms and sup-
port systems that empower adolescents to express their voices and
perspectives (Gurstein et al., 2003; Villa-Torres and Svanemyr, 2015).
Hence, a multi- and intersectional transformation is required, recog-
nising the necessity of a holistic approach that addresses adolescents’
physical, mental and social well-being (Okeke et al., 2022). This holds
particularly true for adolescents who are affectd by NREPs that warrant
multi-sectoral action and collaboration between the public and private
sectors to prevent adverse impacts on adolescents’ health, while pro-
moting health opportunities (Asante and Zwi, 2007; Ahlerup et al.,
2020). The available evidence suggests that adolescents growing up in
NREP-affected communities are likely to experience negative effects on
living and working conditions, including fragile social contexts and high
in-migration (Goldenberg et al., 2008a), risk behaviour that lead to the
spread of sexually transmitted infections (STIs) (Goldenberg et al.,
2008b), increased disposable income linked to transactional sex
(Campbell, 2000; Parkins and Angell, 2011) and increased adolescent
labour reducing school attendance (Goldenberg et al., 2010; Santos,
2018).

Impact assessment (IA) is an established systematic approach used to
evaluate and analyse effects or consequences of a project, programme,
plan or policy, which should mitigate potential risks to the environment
and affected communities and maximize positive outcomes (Winkler
et al., 2021). In most countries, IAs are mandated as part of licencing
process of NREPs (Winkler et al., 2021; Winkler et al., 2013a). This
commonly includes environmental impact assessment (EIA) and social
impact assessment (SIA). Health is either considered within EIA or SIA or
carried out as a standalone health impact assessment (HIA) (Dietler
et al., 2020). A particular feature of HIA is the aim in addressing equity
and social justice (Winkler et al., 2021). Moreover, SIA and HIA aspire to
provide recommendations to ensure informed decision-making and
promote positive health outcomes, placing particular emphasis on
vulnerable and/or marginalised groups (Scott-Samuel et al., 2001).

In 2019, Leuenberger and colleagues conducted a scoping review to
determine whether and to what extent the issue of health equity is
addressed in IA reports and guidelines, with a focus on sub-Saharan
Africa (SSA). The authors established the need for more systematic
stratification of community subgroups in IA to better determine health
differentials (Leuenberger et al., 2019). Consequently, it appears there is
a risk that potential negative health impacts on adolescents living in
highly dynamic contexts, such as NREPs, are insufficiently identified
and mitigated (Cossa et al., 2022a; Leuenberger et al., 2021a). With the
overaching objective of contributing to reducing potential adverse
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health impacts of NREPs on adolescent through subgroup-sensitive IA,
we conducted a scoping literature review of different sources, including
peer-reviewed literature, IA reports and existing focused IA guidelines to
examine whether and how adolescent health and well-being have been
addressed in IA of NREPs. This pursuit was guided by three research
questions: (i) what are the specific outcomes and mechanisms through
which NREPs affect adolescent health and well-being that have been
described in the peer-reviewed literature? (ii) how has adolescent health
and well-being been addressed in IA reports of NREPs in SSA countries?
and (iii) are adolescents considered a distinct vulnerable group in EIA,
SIA and HIA guidelines?”

2. Methodology

We conducted a scoping review focusing on the peer-reviewed
literature, IA reports and IA guidelines (Munn et al., 2018). Our meth-
odology was inspired by previous research conducted by Leuenberger
et al. (2019) and Dietler et al. (2020). We employed the two databases
these groups have established; namely (i) a systematically selected set of
IA guidelines and (ii) a compilation of IA reports of mining projects
located in SSA. Additionally, we conducted a systematic review on the
peer-reviewed literature. The search strategies and data analysis plan for
each of the data sources are outlined in Sections 2.1, 2.2 and 2.3.

The inclusion criteria of our scoping review was determined using
the population, concept and context (PCC) framework, as summarised in
Table 1. The study protocol was registered in the Open Science Frame-
work (OSF) under the title “A scoping review on adolescent health in the
context of natural resource extraction projects”. The published meth-
odology was made available on 14 October 2021 (OSF registration: https
://archive.org/details/osf-registrations-p54xs-v1).

2.1. Peer-reviewed literature

The methodological approach developed in our scoping review was
guided by a framework put forth by Arksey and O’Malley (2005) and
further developed by Levac et al. (2010). In line with this framework, the
following stages were included: identification of relevant studies; se-
lection of eligible literature; extracting relevant data from the identified
studies; and summarising and reporting the results.

We conducted a comprehensive search of the peer-reviewed litera-
ture using three readily available electronic databases: PubMed, Web of
Science and EMBASE, with search terms refined to suit each database.
The search strings were developed around the following topics: (i)
NREPs; (ii) adolescents; and (iii) health. For the “adolescents” search
string, the WHO definition of “adolescent” was applied (WHO, 2017),
and hence, other common terms used to refer to adolescents were
considered in our search (e.g., youth, teenager(s), young boy(s) and
young girl(s)). Publications related to IA, HIA or NERPs were excluded if
they did not explicitly mention adolescent health. Details of the search
strategy are available as supplementary material (Appendix A).

Hits from the database searches were included if they stemmed from
the peer-reviewed literature, the full-text was readily accessible with the
rights of the University of Basel (Basel, Switzerland) and published
either in English, French, Portuguese or Spanish. During the initial
search phase, sources of grey literature, conference proceeding, books,

Table 1
Population, concept and context (PCC) framework.

Population, concept and context (PCC) framework (Tricco et al., 2018)

Population  Female and male adolescents between the age of 10 and 19 years
(according to the WHO definition (WHO, 2017)) in NREP areas.

Concept Aspects related to mental health, sexual and reproductive health,
maternal health, nutritional conditions, communicable and non-
communicable diseases, injuries, health prevention and interventions.

Context Communities hosting industrial and large-scale NREPs and/or artisanal

and small-scale mining (ASSM).
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books chapter, study protocols and editorials were excluded from our
search. All relevant peer-reviewed papers published from inception of
each database to 31 August 2022 were included.

The selection process included two stages of screening, performed
independently by two reviewers (OC and JL), using EndNote version
X9.2 for data management (Thomson Reuters Corp; New York, NY, USA)
and Rayyan software (Harrison et al., 2020). In a first step, 20% of the
studies were independently reviewed and discussed by the two re-
viewers. This stage included the screening of titles and abstracts to
identify potentially eligible studies retrieved from the database search.
Any discordant decision was resolved by consensus or with the help of a
third reviewer (MSW). Once the title and abstract screening was
completed, a full-text review of all included articles was performed to
assess eligibility of the studies. The selection procedure, including rea-
sons for exclusion, is illustrated in the “Preferred Reporting Items for
Systematic Reviews and Meta-analyses Extension for scoping reviews”
(PRISMA-ScR) flow chart in Fig. 1. Subsequently, data were extracted
from each study and recorded in an Excel file (Microsoft Corp., v16.0;
Redmond, WA, USA). The following data were extracted from the
included peer-reviewed literature: year of publication, country, aim,
study population, type of natural resources extracted and health de-
terminants and outcomes studied. Data were thematically analysed by
categorizing and organizing the data based on the review’s objective.
The development of the themes involved a systematic process, following
three main steps: (1) coding of the articles to record the components; (2)
the development of descriptive themes (e.g., health concerns and de-
terminants); and (3) the creation of analytical themes (e.g., socio-
economic status, vulnerability or proximity to NREPs) (Thomas and
Harden, 2008). These analytical themes were developed by addressing
the research objective using existing descriptive themes. This allowed us
to identify gaps, trends and focal areas within the examined literature
(Levac et al., 2010). The coding process was iterative.

2.2. IA reports

IA reports assess the impacts that the development initiatives will
have by identifying and managing potential environmental, social and
public health impacts of NREPs, mitigating the risk while concurrently
promoting health opportunities (Winkler et al., 2021). IA reports from
SSA countries hosting large-scale NREPs that assessed impacts on the
community health and well-being were obtained from a recently pub-
lished scoping review by Dietler et al. (2020). In total, 44 IA reports
obtained from different sources were eligible for full-text screening. The
description of the search methodology and details of the screening
process are described in the referenced paper (Dietler et al., 2020). For
our study, IA reports were excluded if they did not include any infor-
mation about adolescent health and well-being in any of the following
report sections: (i) baseline; (ii) IA; (iii) mitigation measures; and (iv)
monitoring plan. For the full-text screening, we applied Adobe Reader’s
search function to search the prefixes “ado” and “hea” to assess for in-
formation related to “adolescent health”. If more than one IA report was
available for the same project (e.g., one environmental health impact
assessment (EHIA) and SIA, the new information related to adolescent
health mentioned in the different types of reports was combined. The
following variables were extracted (into an Excel spreadsheet) from all
screened reports that met our inclusion criteria: country, year of publi-
cation, type of IA report, resource extracted, population groups at risk
and health determinants and outcomes addressed.

2.3. IA guidelines

For our scoping review, we built on the set of international and na-
tional EIA, SIA and HIA guidelines that were identified by Leuenberger
etal. (2019) for a scoping review pertaining to “HIA and health equity in
sub-Saharan Africa”. With the objective to not miss recently published
guidelines in our review, we applied the same search strategy as pursued
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by Leuenberger et al. (2019) from January 2019 to 31 August 2022. The
screening of the IA guidelines followed the same strategy as applied in
the IA reports. We carried out a full-text examination of each of the
commonly followed IA steps: (i) screening; (ii) scoping; (iii) IA; (iv)
reporting; and (v) implementation and monitoring (Winkler et al.,
2021). Since the guiding research question for the review of the guide-
lines was whether adolescents are considered a distinct vulnerable group
in EIA, SIA and HIA guidelines, guidance documents that did not provide
specific information on adolescent health and well-being in any section
were excluded from this analysis. Information extracted from the
guidelines was organised in an Excel spreadsheet, applying the
following main categories: (i) country and year of publication; (ii) health
outcomes addressed; and (iii) health determinants addressed.

3. Results
3.1. Adolescent health and NREPs in the peer-reviewed literature

We identified a total of 5.055 records from either PubMed, Web of
Science and EMBASE. After removing 1.464 duplicates, a total of 3591
studies were deemed eligible for screening of titles and abstracts. Of
these, 32 studies met our inclusion criteria for data extraction and
analysis (Fig. 1).

3.1.1. Characteristics of peer-reviewed literature

The characteristics of the included peer-reviewed papers are sum-
marised in Fig. 2. The geographic distribution of the 32 peer-reviewed
articles is presented in Panel A. According to the World Bank classifi-
cation, most of the studies were conducted in upper-middle-income
countries (n = 14) and high-income countries (n = 14), whereas three
were conducted in low-income countries. Only one study performed a
multi-country analysis comparing 136 settings. Eligible studies were
published between 1996 and 2022, with the majority (n = 16) published
between 2018 and 2022 (Panel B). In the years 1998-2003, 2005, 2006
and 2009 no study was published on the topic.

Qualitative (n = 12) and quantitative studies (n = 12) were per-
formed equally in most studies extracted from the peer-reviewed liter-
ature. Of those, qualitative studies explored perceived effects of NREPs
in adolescents’ health, while quantitative research focused on health
outcomes associated with the risk for adolescents residing in NREP
communities.

Records identified from:
PubMed (n=935)
Web of Science (n = 2.652)
EMBASE (n = 1.468)

Records removed before screening:

Duplicate records (n = 1.464)

[ Identification ]

)

Records screened (n =3.591) |—'| Records excluded (n = 3.505)

bED Full-text articles excluded with reasons:
g .
2 Duplication (n = 3)
g Full-text assessed for eligibility Published in other languages (n = 4)
(n=88) No full text retrievable (n = 12)
No focus on NREPs and adolescent
health and well-being (n =37)
3
S| | Studies included in the synthesis
Té' (n=132)
£

Fig. 1. PRISMA flow chart showing the number of articles identified in
PubMed, Web of Science and EMBASE. Abbreviation: NREPs, natural resource
extraction projects.
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2022

Fig. 2. Temporal (Panel A) and geographic (Panel B) distribution of the eligible studies pertaining to adolescents’ health in NREPs, identified from the peer-reviewed
literature (n = 32).
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Fig. 4. Categories of health determinants studied in the peer-reviewed literature. The numbers (n) represent the frequency each determinant was mentioned.

In terms of the scale of the extractive industry projects, most studies
were conducted in the context of large-scale mining (n = 22). Other
studies focused on artisanal and small-scale mining (ASSM). With regard
to the extracted commodities, studies in gold mining settings were most
frequent (n = 11), followed by studies done in the oil and gas sector (n =
7).

Regarding sex, most studies targeted both adolescent girls and boys
(n = 23). None of the studies solely focused on female adolescents in
affected communities. A considerable number of peer-reviewed papers
did not clarify the sex of participants included (n = 8). Additionally, less
than one-fifth of the studies focused only on the adolescents’ age group,
as defined by WHO (n = 6). Additionally, in more than half of the peer-
reviewed papers, adolescents residing in NREP areas were included in
the study population (n = 22) (Fig. 3).

3.1.2. Health determinants and outcomes studied

As shown in Fig. 4, environmental determinants of health were
studied most frequently at the nexus of NREPs and adolescent health,
followed by social determinants of health. With regards to specific de-
terminants of health, soil quality (n = 11), agriculture and food supply,
(n = 11), water quality (n = 10), food quality (n = 19), child labour (n =
10) and employment (n = 8) were studied most often.

Overall, 16 health outcomes were addressed in the included peer-
reviewed papers. STIs were the most frequently studied health out-
comes (n = 5), followed by neurological/behavioural disorders (n = 4),
anaemia (n = 3) asthma (n = 3), and cancer (n = 3) (Fig. 5).

STI/HIV

Neurological/Behavioural disorders

Anaemia

Asthma

Cancer

Neonatal di
Delinquency

Gender based violence
Fluorisis

Blood pressure

Stress

Wheeze

Mental lliness

Suicide

Rhinoconjunctivitis

(LI

Lupus

m Industrial Mining & Artisanal small scale mining

m Industrial Mining

3 4 $ 6

u Artisanal small scale mining

Fig. 5. Categories of health outcomes studied in the peer-reviewed literature. Abbreviation: Human immunodeficiency virus, HIV; Sexually-transmitted infec-

tion, STI.
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Fig. 6. Publication year and number of impact assessment (IA) reports included.

3.2. Adolescent health in IA reports

3.2.1. Characteristics of the included IA reports

Of the initial sample of 44 IA reports, 19 were excluded in the full
text analysis, as they did not meet the inclusion criteria. A total of 25 IA
reports addressing adolescents’ health and well-being were included for
data extraction and analysis. The temporal pattern of the 25 IA reports is
shown in Fig. 6.

The eligible IA reports can be classified into two main groups: (i)
reports not originally addressing health (e.g., EIA and SIA); and (ii) re-
ports with the inclusion of health (e.g., HIA and ESHIA). The majority of
reports belong to the first group (n = 18). In terms of geographic dis-
tribution of the included countries of SSA, Ghana (n = 5), Mozambique
(n = 3) and Burkina Faso (n = 3) were featured most often with infor-
mation on adolescent health in NREP communities. Similarly to the
identified peer-reviewed literature, most of the reports were conducted
in gold mining areas (n = 12).

Injured persons
W Disabled persons
& Unemployed, unskilled

W Orphans

2

3.2.2. Consideration of adolescents in IA reports

IA reports explicitly indicated the population groups considered
vulnerable and/or marginalised in communities affected by resource
extraction projects. Among the different groups considered as being
vulnerable and/or marginalised in the reports, vulnerabilities were
related to sex, age, income, health status and socially disadvantaging
circumstances.

As shown in Fig. 7, three different categories for population groups
considered the issues of vulnerability and/or marginalisation in NREP
areas. Most reports included stratified population groups being women
or mothers mostly considered as a vulnerable and/or marginalised
group (n = 18), followed by infants/children (n = 13). However, only
three IA reports specifically described the impacts on adolescents and
defined subcategories as particularly vulnerable and/or marginalised,
including teenage mothers (n = 2) and unemployed youth (n = 1).

3.2.3. Health determinants and outcomes addressed in IA reports
The strong influence of social determinants on the health and well-
being of adolescents was mentioned in most of the IA reports (n =

VU1 Terminalill/infirm
W Chronicill people
W  Farmers/land users

Women/mothers 18

Stratified
Elders 12 population
= groups

Adolescent/youth 12

Male 1

General
population
groups

2 Teenager mothers

1 Unemployedyouth

Adolescent
focus

Fig. 7. Community subgroups considered at risk in the impact assessment (IA) reports.
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21). Of those, employment and income (n = 21), access to education and
learning (n = 13), access to health services (n = 9), access to social care
(n = 8), commercial sex work (n = 8) and child labour (n = 7) were the
most frequently reported. Hence, institutional determinants (e.g., ca-
pacity of health systems) (n = 2) and capacity of education facilities (n
= 1) were by far the most frequently examined determinants in
adolescent health.

In total, seven health outcomes were reported to affect adolescents
living and working in NREP areas. Among them, the most frequent were
STIs, including HIV/AIDS (n = 15), followed by adolescent pregnancy
(n = 13) and gender-based sexual violence (n = 6). The majority of
health determinants and health outcomes were assessed in the reports
not originally addressing health in their design.

3.3. Adolescent health in IA guidelines

3.3.1. Characteristics of the included IA guidelines

In total, 14 international and national guidelines pertaining to IA for
large infrastructure projects in SSA were subjected to full-text screening
(one EIA, one ESIA, eight HIA, two SIA and two EHIA). However, eight
of these guidelines were excluded after full-text analysis, as they did not
meet one or several inclusion criteria. The six eligible guidelines (three
HIA, one EIA, one SIA and one ESIA) that referred to adolescent health
and well-being, were all published by international organisations: In-
ternational Association for Impact Assessment, Asian Development
Bank, United Nations Environment Programme, Inter-American Devel-
opment Bank and the French Institute for Sustainable Development
(Abaza et al., 2004; Quigley et al., 2006; Kvam, 2018; Zhongming et al.,
2018). No national guidelines covering adolescent health and well-being
were found. The guidelines were published between 2010 and 2021.

Of the included guidelines, only one provided in-depth information
about adolescent health and well-being in NREP areas (n = 1). Half of
the eligible guidelines mentioned issues that affect adolescents in NREP
areas such as gender-based violence, mental health problems, cancer
and typhus (n = 3). Of those, two guidelines specified the sex of ado-
lescents at risk when examining health outcomes (n = 2).

The importance of social determinants in adolescent health per-
tained to the following aspects: employment/income (n = 4), child la-
bour (n = 2) and access to health services (n = 2). Only one guideline
addressed institutional determinants of health, which focused on the
capacity of the healthcare system. In general, specific attention was
drawn to health inequalities due to changes in determinants of health in
NREP areas. Nevertheless, information was lacking on approaches to
reduce and address health inequities within individuals and groups.

3.3.2. Focus on vulnerable and/or marginalised groups in IA guidelines

All guidelines mentioned social groups that are at particular risk in
mining areas (n = 6). In half of them, adolescents were identified as a
vulnerable and/or marginalised population in NREP areas (n = 3). None
of the guidelines offered a systematic methodology or specific tool to
assess the health effects in the adolescent population group, listed
particular regulations or other means to address health issues in this
group when conducting IA. In addition, information about the inclusion
of adolescents in decision-making and participation during an IA process
and corresponding recommendations were lacking.

4. Discussion

To our knowledge, this is the first scoping review that provides ev-
idence on adolescents’ health and well-being in the context of IA in
NREPs. Overall, 32 peer-reviewed publications, 25 IA reports from SSA
countries and six international IA guidelines met our inclusion criteria,
and hence, were subjected to detailed analysis. It is interesting to reflect
on the determinants and outcomes associated with adolescent health in
current IA literature and practice, which might serve as a starting point
to identify gaps in the current evidence-base. Here, we put key findings
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in the context of existing IA literature for identifying how IA practice
could be adjusted to better address adolescents’ vulnerability to NREPs
health impacts, while acknowledging the challenges they face growing
up in fast-changing contexts.

4.1. Investigating adolescent’ health and well-being in NREPs in the peer-
reviewed literature

Our scoping review revealed only a small number of peer-reviewed
papers that focused on adolescent health and well-being in the context
of NREPs. Interestingly, most of these studies were conducted in high
HDI countries. This finding corroborates with previous studies indi-
cating that the health of adolescents living and working in NREP areas
needs more attention and should urgently be prioritized (Goldenberg
et al., 2008a; Goldenberg et al., 2008c; Goldenberg et al., 2010; Mbo-
nane et al., 2021). This holds particularly true for adolescents growing
up in a low HDI countries, where there is evidence of adverse health
risks that are exacerbated by poverty, in addition to environmental,
societal, cultural heritage, health and community safety concerns
(Emmanuel et al., 2018; Goldenberg et al., 2008a; Leuenberger et al.,
2021a; Leuenberger et al., 2021b; Mwakesi et al., 2020; ).

Most studies identified in our review were conducted in gold mining
areas. Our findings are in line with a recent review investigating health
studies in ASSM areas, which found that approximately 80% of studies
were performed in gold mining contexts. Additionally, the study
concluded that, rarely, studies pertaining to health effects in ASSM
attempted to include the most vulnerable and/or marginalised groups
(Cossa et al., 2022b). With regards to adolescents, the emphasis on gold
mining can be explained, at least partially, by the informal nature of the
artisanal gold mining sector, which renders it an attractive livelihood
opportunity for children and adolescents (Banchirigah, 2008; Cossa
et al., 2022b). However, only two studies from Brazil evaluated
adolescent perceptions of mercury contamination (Camara Vde et al.,
1997; Novais and Camara, 2009). When considering the range of po-
tential health effects of mercury exposure in adolescents, future research
on occupational hazards should assess health-related exposure and
health effects from ASSM activities in vulnerable and/or marginalised
groups (Allan-Blitz et al., 2022; Steckling et al., 2017). This aligns with
ongoing initiatives such as “The Minamata Convention”, which has
already recognised community health as “priority for action”, with
particular attention on vulnerable and/or marginalised risk groups,
including adolescents (WHO, 2021).

Our findings revealed that overall, the peer-reviewed literature did
not address the most socially disadvantaged groups, taking into
consideration intersectional factors such as pregnant adolescents,
migrant adolescents, adolescents out of school, adolescents lacking
mental capacity or others with severe health conditions. Hence, health
research largely misses the most vulnerable and/or marginalised people
who are at highest risk of experiencing negative health impacts and have
limited ability to cope with NREP impacts (Leuenberger et al., 2021a).
One potential explanation for the lack of research focussing on these
vulnerable and/or marginalised groups might be ethical issues and
regulations on conducting studies with minors and power dynamics that
may marginalise these groups (Levine, 2008). Another possible expla-
nation might be related to the research-driven agenda and infrastructure
to support research including vulnerable and/or marginalised groups,
who lack power and influence in these communities, which may require
additional resources (e.g., skilled personnel), and hence, resulting in
higher costs (Shepherd, 2020).

Given that globally, 64 million girls and 88 million boys, including
adolescents, are involved in child labour in NREP areas (World Bank,
2020), increasing investments in sectors and systems that improve
environmental and social determinants of health to reduce adolescent
vulnerabilities to NREP health risks needs to be prioritized (Currie et al.,
2012). In addition, it is essential to conduct new research exploring the
health and social impacts experienced by this age group in NREP



O. Cambaco et al.

communities (Leuenberger et al., 2021a; Leuenberger et al., 2022). For
doing so, it is crucial to involve all relevant stakeholders, such as ethical
boards, national and local health authorities, non-governmental orga-
nisations active in NREP settings, native populations, local leaders and
potential participants in all steps of the research process (Cossa et al.,
2021). Given the increasing impact of NREPs on community outcomes,
particularly for the most vulnerable and/or marginalised living in low
HDI countries, there is a need for novel tools and approaches tailored to
the needs of adolescents (Leuenberger et al., 2021a; Leuenberger et al.,
2022). Equally important is responding to urgent calls from interna-
tional agencies to establish platforms and support systems that empower
adolescents to express their voices and perspectives, and to increase
investments in the health and well-being of adolescents (Sheehan et al.,
2017).

HIA might offer an entry point for adolescents to play a role as actors
of their own development through public participation, empowering
and allowing their representative participation in addressing their key
concerns, a voice that is consistently missing from the research. There-
fore, the methods and approaches to ensure marginalised and/or
vulnerable individuals and groups, including adolescents’ participation
in HIA, should be theory-informed and well described (den Broeder
et al., 2017; Glucker et al., 2013).

4.2. Consideration of adolescent health in IA of NREPs

In this scoping review, fewer than one fifth of the peer-reviewed
papers that met our inclusion criteria specifically considered adoles-
cents. In contrast, health-related studies were primarily oriented to-
wards children and adults, while the critical adolescent years were
largely neglected. Many studies have shown that adolescents face
unique social contexts and confront unique challenges compared to
children and adults (Al CCe, 2012). For example, a study in America
investigating how rapid community growth affects adolescents and
adults differentially found that adolescents affected by large-scale pro-
jects have significantly higher negative attitudes towards growth and
lower levels of satisfaction compared to adults (Freudenburg, 1984).
Given NREPs increasing impacts on community outcomes (Mactaggart
et al., 2018), particularly for the most vulnerable and/or marginalised
groups in low HDI countries (Farnham et al., 2020), novel tools and
approaches tailored to the needs of adolescents are warranted (Leuen-
berger et al., 2022). Equally important is to empower adolescents with
tools that allow them to express their voices and perspectives in
extractive industry contexts (Brondi et al., 2012; Glucker et al., 2013).

While past research has mainly focussed on children and adults
affected by NREPs, there is uncertainty around short- to long-term
health impacts on adolescents living in close proximity to NREPs
(Cossa et al., 2022a; Dietler et al., 2021). This is particularly salient in
low HDI countries, where studies point to a dearth of demographic,
socio-economic and epidemiological data on adolescents (Azzopardi
et al., 2017). Our study supports evidence from previous observations,
showing limited literature and available data on adolescent health, their
indicators and definition (Sawyer et al., 2012). Most of the evidence
derives from aggregated data at the country level with insufficient
stratification by age group (Azzopardi et al., 2017). Those are major
limitations for assessing adolescent-specific impacts of NREPs (Leuen-
berger et al., 2019). This makes it difficult to use the data to inform
health programmes, design policies and interventions to mitigate po-
tential adverse effects of NREPs on the health, well-being and equity of
adolescents (Guthold et al., 2019). Hence, the collection of high-quality
data (primary and secondary data) on different population groups in the
IA process represents an opportunity to identify and address local health
impacts on the adolescent population fraction (Winkler et al., 2013b).
This could be supported by establishing a consistent and standardised
tool for measuring adolescents’ health profile in NREP areas and
investigate immediate and long-term impacts.
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4.3. Gap identified in the searched health outcomes

While several health outcomes in communities surrounding mining
areas are studied (Cossa et al., 2022b; Leuenberger et al., 2021a; Lyatuu
et al., 2021), in IA reports, STIs, including HIV/AIDS, was the most
prevalent health outcome in adolescents in NREP areas. When consid-
ering that adolescents and young people represent a growing share of
people living with HIV/AIDS worldwide (UNICEF, 2020), these findings
are not surprising. In addition, HIV is estimated to be the sixth and
eighth leading cause of death among people aged 10-14 and 15-19
years, respectively, with the overwhelming majority in SSA countries
(Chandan and Legins, 2020). This is also reflected in resource extraction
communities, which have experienced high rates of STI, including HIV/
AIDS (Auvert et al., 2001; Goldenberg et al., 2008c; Goldenberg et al.,
2008d). In a recent study analysing the impact of NREPs on HIV trans-
mission risks in local communities near 39 mine openings across 16
countries in SSA, the findings indicated that HIV infection risks sub-
stantially increase (20%) upon mine mining (Dietler et al., 2022). This
reinforces the concern that mining areas can become potential hotspots
for HIV transmission among adolescents (Osei-Yeboah et al., 2019).

The current literature suggests that adolescent girls are the most
vulnerable to STIs, including HIV and bear most of sexual and repro-
ductive problems (Okeke et al., 2022). Some explanations might point to
risky sexual behaviours (Auvert et al., 2001; Dietler et al., 2022) and low
level of readily disposable income, leading adolescent girls to face
challenges in negotiating safe sex (Goldenberg et al., 2008c). However,
despite the political efforts from international agencies and organisa-
tions for urgent action and more investments in HIV preventon and
control worldwide to target the most disadvantaged in remote settings
(Shiffman, 2006), little improvement in HIV transmission in NREPs of
adolescents has been recorded in SSA countries (Murewanhema et al.,
2022). In accordance with the SDGs, which underpin the health and
well-being of adolescents, there is a need to disentangle the direct and
indirect pathways in which NREPs affect sexual health of adolescent
girls and boys as this can lead the way towards reducing gender-related
inequities (WHO, 2017). This requires multi-sectoral and intersectoral
transformation, which recognizes inequality patterns while also being
specific to gender and age considerations (Leuenberger et al., 2021b).

It is surprising that other health outcomes such as mental health,
injuries and nutritional conditions were rarely studied in adolescents in
NREPs areas. Considering that mental health disorders and injuries are
the leading causes of death and disability among adolescents worldwide,
there remains a dearth of evidence examining the topics in adolescents
living and working in NREP areas (Patton et al., 2016; WHO; WHO,
2016). As an example, data on prevalence of mental health conditions
are extremely scarce across low- and middle-HDI countries, even though
most adolescents live in such settings (Azzopardi et al., 2017). One
potential explanation could be the influence of the global public health
agenda, where other health conditions are considered more relevant and
are, consequently, given higher priority in the research domain con-
cerning adolescent health and well-being (Ong et al., 2009). This
knowledge gap is further exacerbated because only a few brief in-
struments for measuring adolescent mental illness are validated, making
population-level measurement of adolescent health especially difficult
to carry out (Carvajal et al., 2022). In addition, the gap between the
broad range of available tools, scant research, policy support/interest
and their lack of prioritization highlights how decision-makers continue
to overlook adolescents in NREP communities (Asha et al., 2021).

4.4. Relevant determinants of adolescent health and well-being addressed
in IA reports

Our scoping review revealed that in the examined IA reports, envi-
ronmental aspects remain the focus of most peer-reviewed publications,
despite the important consideration of social aspects for the health and
well-being of adolescents. This finding is consistent with a previous
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review evaluating IA reports in SSA that observed a heavy focus on
environmental health determinants in health studies in mining areas
(Dietler et al., 2020). In contrast to earlier findings, a study observed
that in NREP areas the health and well-being of adolescents are deter-
mined by social, economic, cultural and individual factors beyond
environmental changes (Leuenberger et al., 2019). Thus, changes in the
conditions of the communities where NREPs operate were observed to
affect the nature of existing health determinants and health outcomes
(Carney and Gushulak, 2016; Mactaggart et al., 2018). However, despite
its importance, understanding of the mechanisms by which NREPs work,
their determinants of health and their association with specific health
outcomes remain poorly addressed in the literature. This holds true for
adolescents who live in dynamic contexts such as NREP communities
and facing unprecedented challenges, including complex burden of
disease encompassing diseases of multidimensional poverty and in-
equalities (Leuenberger et al., 2021b). While these findings have inter-
esting implications for other situations and contexts of rapid community
growth, it would be premature to accept them as definite or final. It is
early to ascertain whether negative adolescent experiences will be
transitory or long-lasting.

Our findings suggest that a deeper understanding of the specific
determinants and outcomes of adolescent health and well-being, and the
mechanisms through which NREPs affect them, can better inform IA
studies to develop targeted interventions and formulation of policies
(Viner et al., 2012). Given the NREPs evidence showing increased im-
pacts on adolescent sexual and reproductive health outcomes, particu-
larly among the most vulnerable and/or marginalised populations living
in lower HDI countries (Campbell, 2000; Osei-Yeboah et al., 2019), it is
crucial that greater attention is being paid to adolescent health and to
prioritize key issues (Asha et al., 2021). Considering the fact that
different types and form of IA, in particular HIA, pursue this aim
(Winkler et al., 2021), more participative and innovative research that
take into account the differences in social context are needed to better
understand the aspects shaping the health profile of adolescents in
impacted communities, considering their stage of development,
contextual differences, geographic diversity and gender balance across
different settings (Leuenberger et al., 2019; Leuenberger et al., 2022;
Sadare et al., 2020). By studing the local effects of NREPs on adolescent
health and well-being, this can provide insights into other mechanisms
that may be relevant at the local level in the IA process.

4.5. How to promote better consideration of adolescents in IA practice

Recently, many mining companies have taken concrete steps to
mitigate the effects of their past actions through the development of
comprehensive IA studies and approaches for dealing with the potential
adverse effects of mining (Harris et al., 2015; Winkler et al., 2013a).
However, to date only a few studies are available that specifically focus
on adolescent health and well-being in the context of NREPs (Leuen-
berger et al., 2019; Pereira et al., 2017).

Although health equity has always been considered to be a core
aspect in IA guidelines (WHO, 1999), the implementation and use of the
recommended actions to reduce and address existing inequities and the
potential for unequal distribution of health risk among the most
vulnerable and/or marginalised groups, such as adolescents, are not
rigorously adopted at every stage of the IA process (Leuenberger et al.,
2019). Hence, adolescents’ health and well-being in the context of
NREPs may not only be a blind spot in IA guidance documents, but also
in IA reports of NREPs (Bawole, 2013). As an example, recent HIA
guidelines did not provide any examples of adolescents as vulnerable
and/or marginalised groups in the context of large-scale development
projects (IPIECA, 2016; Pyper et al., 2021). Hence, this missed oppor-
tunity hinders the inclusion and engagement of vulnerable and/or
marginalised groups, including children, pregnant women, indigenous
peoples, handicapped/disabled people and adolescents themselves, in
having their voices heard and represented in the IA process (Winkler
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et al., 2021). Additionally, it is not well understood whether decision-
makers and health practitioners pay attention to adolescent health and
well-being to develop and implement health impact mitigation strate-
gies in NREP areas (McCallum et al., 2015). This points at an important
potential shortcoming in current IA and mitigation practice, particularly
in relation to upholding the guiding principle of “equity and equality”
within IA practices (Wise et al., 2009).

HIA is increasingly recognised as a powerful methodology for miti-
gating potential negative health impacts, including equity, health and
social well-being of communities, particularly the most vulnerable and/
or marginalised (IPIECA, IOGP, 2016). Given its focus, HIA offers op-
portunities for adolescents to be part of the decision-making processes
and become central and relevant to policies and most importantly “to
ensure the health and well-being for all at all ages”. It can also inform
decision makers, HIA practitioners, programme implementers and other
stakeholders interested in adolescent health about the pressing needs of
this group and enable them to develop and implement targeted in-
terventions (Glucker et al., 2013). In turn, this can guide future research
and practice. Additionally, with its comprehensive approach to
engaging stakeholders, the consideration of adolescents in the IA process
offers an opportunity to promote not only the health and well-being of
this marginalised and/or vulnerable group, but also allows adolescent
voices to be heard and to actively influence health decisions on issues
that are meaningful to them, serving as catalysts for driving positive
change (den Broeder et al., 2017; Leuenberger et al., 2022). Further-
more, this could promote multisectoral collaboration among relevant
actors (e.g., health, education, transport, social services and environ-
mental protection) in different contexts, which is crucial for protecting
and promoting adolescent health and well-being in the context of NREPs
(Negev et al., 2013).

4.6. Strengths and limitations

The strength of our scoping review is that it includes different data
sources on adolescent health in the context of NREPs. Given the broad
range of sources for our review (e.g., peer-reviewed literature, IA reports
and IA guidelines), our study is an important contribution to the liter-
ature in providing new insights into adolescents’ health and well-being
in the context of NREPs, specifically key health determinants and
health outcomes reported and gaps identified in current IA practices.

Although we aimed to be systematic throughout the process, certain
limitations need to be acknowledged. First, a potential bias could have
been introduced by our search strategy as specific restrictions, such as
language, publication type and status, were applied. Consequently,
some relevant publications may have been omitted. In addition, we
acknowledge that studies and reports published in the grey literature
could have complemented our bibliography. On the other hand, the
focus on peer-reviewed literature ensured methodological rigour and
quality of the studies included. Second, we applied stringent exclusion
criteria for reports and guidelines, which is common when conducting
scoping literature reviews (Tricco et al., 2018). While the stringent
application of inclusion and exclusion criteria was essential for
capturing topics exclusively related to adolescent health in NREPs, this
approach may have omitted relevant information on adolescent health
and potential gaps in IA reports and guidelines. Additionally, we applied
similar search strategy and included IA reports and IA guidelines built
within the same databases used by Leuenberger et al. (2019) and Dietler
et al. (2020), which could potentially introduce bias in terms of topic,
sampling, time frame and publication type. Third, our search strategy
aimed at identifying relevant studies using search terms in English,
which might have excluded studies published in other languages.
Fourth, mining companies have been accused of lack of transparency,
only reports obtained from a previous review were included in our
analysis (Dietler et al., 2020). Hence, the temporal and geographical
distribution of available reports may not fully represent current IA
practice. Fifth, due to the inconsistency in terminology referring to
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adolescents, we considered the terms “children”, “youth”, “teenager”,
“young boy(s)”, “young girl(s)” and “young adult(s)” to refer to ado-
lescents. That said, we could not ensure that the included adolescent
groups exactly matched the age group defined by WHO (Asha et al.,
2021). In addition, adolescent health outcomes were not classified by
the type/areas as papers did not provide information on diagnostic
criteria or manuals used to classify health disorders or conditions.
Hence, some misclassification might have affected the results and
interpretation.

Finally, as this is the first attempt at providing an overview of
whether and how adolescents’ health and well-being be impacted by
NREPs, the aspects described here may not represent the extent of health
issues affecting adolescents. The observed disconnection between the
focus on environmental determinants and their association with specific
health outcomes affecting adolescents was not further investigated, as it
was beyond the scope of our review. Indeed, more research is needed to
adequately compare and assess the actual status of IA implementation
and inclusion of adolescent health in different countries at different
levels of development.

5. Conclusion

Beyond environmental factors, social factors exert the main potential
influence on the health and well-being of adolescents living in close
proximity to NREPs. It follows that such factors are fundamental to
understand key determinants and health outcomes affecting adolescents
living and working in NREP areas. At present, it remains unclear how
these determinants link to poor health outcomes among adolescents
living and working in NREP areas. With its comprehensive approach to
promote equity and addressing health inequalities among the most
vulnerable and/or marginalised, HIA offers an opportunity to improve
health and well-being of adolescents in NREP-affected communities, and
at the same time promoting sustainable development (Winkler et al.,
2020). The articulation of specific guidance for identifying and miti-
gating health risks to adolescents in NREPs are implemented and oper-
ating would be an essential first step towards better inclusion of
adolescents in IA practice. New research should prioritize: (i)
adolescent-inclusive approaches that allow their voices to be heard; (ii)
the most disadvantaged groups at risk of poor health and with low vis-
ibility to inform adoption planning, strategies and policies; (iii) inves-
tigate the main mechanisms by which NREPs directly and indirectly
affect adolescent health and well-being across the stages of a mine’s life
cycle; and (iv) how different types and forms of IA have been used to
address adverse health impacts and inequalities among adolescents in
NREP areas.
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