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Abstract
Background: Natural resource extraction projects offer both opportunities and risks for sustainable development and health in
host communities. Often, however, the health of the community suffers. Health impact assessment (HIA) can mitigate the risks
and promote the benefits of development but is not routinely done in the developing regions that could benefit the most.
Objective: Our study aims to investigate health and health determinants in regions affected by extractive industries in Burkina
Faso, Ghana, Mozambique, and Tanzania. The evidence generated in our study will inform a policy dialogue on how HIA can
be promoted as a regulatory approach as part of the larger research initiative called the HIA4SD (Health impact assessment for
sustainable development) project.
Methods: The study is a concurrent triangulation, mixed methods, multi-stage, multi-focus project that specifically addresses
the topics of governance and policy, social determinants of health, health economics, health systems, maternal and child health,
morbidity and mortality, and environmental determinants, as well as the associated health outcomes in natural resource extraction
project settings across four countries. To investigate each of these health topics, the project will (1) use existing population-level
databases to quantify incidence of disease and other health outcomes and determinants over time using time series analysis; (2)
conduct two quantitative surveys on mortality and cost of disease in producer regions; and (3) collect primary qualitative data
using focus groups and key informant interviews describing community perceptions of the impacts of extraction projects on health
and partnership arrangements between the projects and local and national governance. Differences in health outcomes and health
determinants between districts with and without an extraction project will be analyzed using matched geographical analyses in
quasi-Poisson regression models and binomial regression models. Costs to the health system and to the households from diseases
found to be associated with projects in each country will be estimated retrospectively.
Results: Fieldwork for the study began in February 2019 and concluded in February 2020. At the time of submission, qualitative
data collection had been completed in all four study countries. In Burkina Faso, 36 focus group discussions and 74 key informant
interviews were conducted in three sites. In Ghana, 34 focus group discussions and 64 key informant interviews were conducted
in three sites. In Mozambique, 75 focus group discussions and 103 key informant interviews were conducted in four sites. In
Tanzania, 36 focus group discussions and 84 key informant interviews were conducted in three sites. Quantitative data extraction
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and collection is ongoing in all four study countries. Ethical approval for the study was received in all four study countries prior
to beginning the fieldwork. Data analyses are underway and results are expected to be published in 2020 and 2021.
Conclusions: Disentangling the complex interactions of resource extraction projects with their host communities requires an
integrative approach drawing on many methodologies under the HIA umbrella. By using complementary data sources to address
the question of population health in project areas from several angles, bias and missing data will be reduced, generating high-quality
evidence to aid countries in moving toward sustainable development.
International Registered Report Identifier (IRRID): DERR1-10.2196/17138
(JMIR Res Protoc 2020;9(4):e17138) doi: 10.2196/17138
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Introduction
Background
Natural resource extraction projects (eg, minerals, metals, oil,
and gas) are major drivers of the economy in many developing
countries, offering opportunities for sustainable economic and
social growth for the local population, with accompanying
implications for human health [1,2]. The nature of large natural
resource extraction projects often causes upheaval in many
sectors that affect both health and health determinants, including
public health, society, and ecosystems [3-6]. Projects move in
and offer new opportunities for jobs, improved infrastructure,
a strengthened health system, and economic mobility [7].
However, historically the development of these projects is often
instead accompanied by negative social and health outcomes
in the surrounding community, often termed “the resource curse”
[8-11]. These negative outcomes have included environmental
contamination, strain on local water and sanitation resources
from in-migration, reduced health equity, accidents and injuries
caused by increased traffic, and increases in sexually
transmitted, vector-borne, and chronic diseases [4-6,8,10,12-16].
The complex nature of resource extraction projects means that,
in this upheaval, an integrated approach to identify potential
opportunities and risks for the health of the population is needed.
Health impact assessment (HIA) is one approach that has the
potential to harness the economic and social potential of
extractive industries for the benefit of the local population. HIA
is a method of impact assessment that uses a combination of
quantitative and qualitative methods to prospectively identify
the potential positive and negative health impacts of projects,
policies, or programs [17]. In addition to investigating direct
impacts on health, such as changes in disease and accident
incidence, HIA gathers evidence on indirect impacts on the
social, environmental, and institutional determinants of health,
such as access to water and sanitation, food availability, and
health system capacity, generating a strong evidence base from
which decisions about public health policy and management
can be made [18]. Despite the fact that environmental impact
assessment has become accepted practice for mitigating
environmental risks during project implementation [19,20], the
use of HIA lags far behind [21]. Large gaps thus remain in our
understanding of the complex picture of health and health equity
in regions impacted by resource extraction projects. This need
is particularly pressing in regions such as sub-Saharan Africa
that already have low scores on the health-related targets of the
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Sustainable Development Goals (SDGs) [22]. This represents
a wasted opportunity to turn the massive investments of the
extractive industry into a net positive for the local population
by minimizing negative health impacts of project
implementation and maximizing the effects of the positive
inflow of new resources on local and national development.

Study Objectives
Our project aims to use the HIA toolbox across natural resource
extraction project settings in Burkina Faso, Ghana, Mozambique,
and Tanzania, countries acutely affected by the development
of extractive industries. By doing so, the study will generate
new evidence about health in regions affected by resource
extraction and translate these findings into actionable policy
recommendations. In addition, by partnering with local
institutions and training local PhD students in HIA methodology,
the project will build long-term capacity for carrying out HIA
in the low- and middle-income countries where it is most
needed.
Specifically, the study aims to (1) evaluate the effects of natural
resource extraction projects on health-related targets and
associated indicators of the SDGs that can be observed at the
national and local level; (2) assess how projects interact with,
and have effects on, local health systems; (3) determine the
costs and benefits of projects for local and national health
systems; and (4) characterize the influence projects exert on
health equity in affected populations. The evidence generated
in the study will inform a policy dialogue on whether and how
HIA can be promoted as a regulatory approach as part of the
larger research initiative called the HIA4SD (Health impact
assessment for sustainable development) project [23].

Methods
Summary
The study is designed as a concurrent triangulation mixed
methods design [24], with simultaneous collection of (1)
quantitative data used to measure resource extraction project
effects on population health by describing incidence of disease
and other health determinants and outcomes over time, as well
as (2) qualitative data describing community perceptions of the
impacts of projects on health. In this design, the data will be
analyzed first separately and then integrated, with the advantage
that each data source can complement and strengthen the
findings of the other data sources, as well as drive further
JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 2
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research questions. Based on the initial study aims, seven major
research topics of interest were identified: governance and
policy, social determinants of health, health economics, health
systems, maternal and child health, morbidity and mortality,
and environmental determinants and associated health outcomes
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(see Figure 1). Data will be collected on every research topic
by the local team within each country and then shared across
all project teams, with the aim of making comparisons both
within and between each country.

Figure 1. Study design. The headings are the research topics relevant to population health in natural resource extraction project (NREP) areas identified
in conjunction with local partners. The specific research topics are investigated with both qualitative (white) and quantitative (gray) research methods.
AIS: AIDS Indicator Survey; DHIS2: District Health Information System 2; DHS: Demographic and Health Survey; GIS: geographic information
system; MICS: Multi-Indicator Cluster Survey; MIS: Malaria Indicator Survey; SARA: Service Availability and Readiness Assessment; SPA: Service
Provision Assessment.

Setting
The health impacts of resource extraction projects vary based
on the baseline characteristics and environment of the host
community [25]. Therefore, we partnered with four different
countries with a history of natural resource extraction and low
health-related SDG index values: Burkina Faso, Ghana,
Mozambique, and Tanzania (see Figure 2). Within those

countries, three to four large mining sites were chosen for
qualitative and quantitative field work. The mines were chosen
based on type, size, length of operation, and type of ownership.
Quantitative data on disease and health outcomes is available
country-wide through District Health Information System 2
(DHIS2) and Demographic and Health Survey (DHS) databases
(see Table 1) [26].

Figure 2. Location of study countries in sub-Saharan Africa.
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In Burkina Faso, primary data collection was conducted in three
gold mining sites: (1) Houndé Mine in Houndé district
(population in 2006: 77,000); (2) Yaramoko Gold Mine in
Bagassi district (population in 2006: 33,000); and (3) Bissa
Mine in Kongoussi district (population in 2006: 71,000). The
three mines have been operational since 2017, 2016, and 2013,
respectively. While the Houndé and Bissa mines are open-pit
mines, operations in Bagassi are underground. Houndé is a small
city located approximately 5 km from the mine with formal and
informal settlements reaching closer. In Bagassi, villages are
scattered around the mining premises. Sabcé is the closest town
from the Bissa mine. During the field visit, artisanal mining
sites were observed around all three mines.
In Ghana, primary data collection was conducted in three gold
and manganese mining sites: (1) Edikan Gold Mine (Perseus
Mining) in the Upper Denkyira West district (population in
2019: 71,425); (2) Tarkwa (Anglo Gold Ashanti, Gold Fields,
and Ghana Manganese Company) in the Tarkwa-Nsuaem
Municipal district (population in 2019: 117,550); and (3)
Newmont Ahafo Mine (Newmont Goldcorp) in the Asutifi North
Municipal (population in 2010: 52,259). The three mines have
been operational since 2011, 1961, and 2003, respectively. All
three are open-pit mines. Edikan Gold Mine has four nearby
communities—Ayanfuri,
Fobinso,
Nkonya,
and
Abenabena—located in both the Upper Denkyira West and
Amenfi West districts. The sites near Tarkwa include the small
communities of Akoon, Tarkwabanso, Wangarakrom and
Badukrom, and Iduaprim. Four communities are near the
Newmont Ahafo Mine: Tutuka, Kenyase 1, Kenyase 2, and
Ntrotroso.
In Mozambique, primary data collection was conducted in three
types of mining sites—ruby, titanium, and coal—involving
communities of four administrative districts and four mining
companies: (1) Montepuez Ruby Mining (MRM) in Montepuez
district (population in 2017: 261,235); (2) Kenmare Moma
Mining in Larde district (population in 2017: 85,971) and Moma
district (population in 2017: 310,706); (3) Vale Mozambique;
and (4) International Coal Ventures (ICVL), the latter two in
Moatize district (population in 2017: 343,546). All four are
open-pit mines that have been operating since 2007 (Kenmare
Moma Mining) and 2011 (MRM, Vale, and ICVL). MRM is
surrounded by four small villages—N´sewe, N´thorro, M´pene,
and Namanhumbir—whose main economic activities are
agriculture and unregulated artisanal mining. Near Kenmare
Moma Mining, Moma and Larde are the main and small
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emerging coastal towns located approximately 80 km and 20
km from the Kenmare mining company, respectively. The
company activities affect communities from Moma district (ie,
Pilivili locality) and Larde district (ie, Topuito locality). The
eight affected villages at Pilivili locality (ie, Moma district) are
the closest, located 5 km away from the mining company. There
are 11 neighborhoods and villages affected by Kenmare Moma
Mining, of which seven are located within the mining concession
area and four are less than 100 meters from the mining pit:
Tipane, Mutiticoma, Izoua, and Topuito. Agriculture and fishing
are the main economic activities; however, commerce is an
activity emerging mainly after mining implementation in 2005.
Moatize is a small town 20 km from the city of Tete. It is an
industrial complex composed of at least six large-scale coal
mining companies—Vale Mozambique, ICVL, Nkodezi Coal
Company, Minas de Revubue, Minas de Moatize Riversdale
Mozambique Limitada, and Jindal Mozambique Minerals
(JSPL)—some being subsidiaries of Vale Mozambique. At the
time of site visit, very active commerce activities were observed
along the main road. Apart from the town of Moatize, there are
12 small affected communities surrounding mining companies,
four belonging to Moatize-sede locality—Catete, Mphandue,
Matambanhama, and Ntchenga—and eight to Benga
locality—Cancope, Capanga Gulo, Campanga lowane,
Chitambo, Chitondo, Nyambalualu, Kangale, and Benga-sede.
The last five communities are along the Zambeze River, the
main local source of water. Agriculture and fishing are the main
economic activities.
In Tanzania, three gold mining sites were chosen for fieldwork:
Geita Gold Mine (Geita district), Buzwagi Gold Mine (Kahama
district), and Bulyanhulu Gold Mine (Mslala district). Geita and
Buzwagi are open-pit mines, while Bulyanhulu is an
underground mine (based on observation). At the time point of
data collection (ie, March to May 2019), the Geita Gold Mine
was fully operational and the Buzwagi and Bulyanhulu mines
were both in reduced production status, meaning that they were
processing already extracted material and no longer extracting
new raw material. The Geita Gold Mine, about 70 km south of
Lake Victoria, is located between several villages and Geita, a
main city of the district. The Buzwagi mine is surrounded by
several villages and is 6 km away from Kahama, the capital of
the district. The vibrant villages of Kakola, Bushing’we, and
Kakola Namba 9 are next to the Bulyanhulu mine. During the
field visit, artisanal mining sites were observed around all three
mines.
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Table 1. Primary quantitative outcomes and data availability from the District Health Information System 2 (DHIS2), the Demographic and Health
Survey (DHS), and other national-level databases.
Primary quantitative outcomes

Available in the DHIS2 at the
district level

Available at the district level through
the DHS or another data source

Burkina Faso

Burkina Faso

Ghana

Tanzania

Health-related SDGa target indicator
Stunting rate among children below the age of 5 years

Mozambique
Tanzania
Maternal deaths per 100,000 live births

Burkina Faso

Burkina Faso

Ghana

Mozambique

Mozambique

Tanzania

Tanzania
Proportion of births attended by skilled health personnel

Burkina Faso

Burkina Faso

Ghana

Mozambique

Mozambique
Tanzania
Under-5 mortality rate (deaths per 1000 live births)

Number of new HIV infections per 1000 uninfected population
members (by age group, sex, and key populations)

Burkina Faso

Burkina Faso

Ghana

Mozambique

Mozambique

Tanzania

Burkina Faso

Mozambique

Ghana
Mozambique
Tanzania

Tuberculosis incidence per 1000 persons per year

Burkina Faso

Burkina Faso

Mozambique

Mozambique
Tanzania

Malaria incident cases per 1000 persons per year

Burkina Faso

Mozambique

Ghana

Tanzania

Mozambique
Rates of noncommunicable diseases

Burkina Faso

Mozambique

Ghana

Tanzania

Mozambique
Number of road traffic fatal injury deaths within 30 days, per 100,000 Burkina Faso
population members (age-standardized)

Burkina Faso
Ghana
Mozambique
Tanzania

Health worker density and distribution

Burkina Faso

Burkina Faso
Ghana
Mozambique
Tanzania

Additional health indicators for monitoring health for the SDGs and
health system performance
Number and distribution of health facilities per 10,000 population
members

Burkina Faso

Burkina Faso

Mozambique

Ghana
Mozambique
Tanzania

Number of health workers per 10,000 population members

Burkina Faso

Burkina Faso
Ghana
Mozambique
Tanzania
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Available in the DHIS2 at the
district level

Available at the district level through
the DHS or another data source

Number of outpatient visits per 10,000 population members per year Burkina Faso

Burkina Faso

Mozambique

Mozambique
Tanzania

Vaccination coverage in children aged 12-23 months

Acute respiratory disease rate in children aged under 5 years

Burkina Faso

Burkina Faso

Ghana

Ghana

Mozambique

Mozambique

Tanzania

Tanzania

Burkina Faso

Burkina Faso

Ghana

Ghana

Tanzania

Mozambique
Tanzania

Diarrhea rate in children aged under 5 years

Helminthic infection rate in different age groups

Burkina Faso

Burkina Faso

Ghana

Ghana

Mozambique

Mozambique

Tanzania

Tanzania

Burkina Faso

Burkina Faso

Ghana

Ghana
Mozambique

Syphilis rates in children and pregnant women

Anemia rate in children aged under 5 years and pregnant women

Hypertension rate in adults

Burkina Faso

Burkina Faso

Ghana

Ghana

Mozambique

Mozambique

Burkina Faso

Burkina Faso

Ghana

Ghana

Mozambique

Mozambique

Tanzania

Tanzania

Burkina Faso

Burkina Faso

Ghana

Ghana

Tanzania

Mozambique
Tanzania

Chronic respiratory tract infections rate among different age groups

Burkina Faso

Burkina Faso

Tanzania

Mozambique
Tanzania

a

SDG: Sustainable Development Goal.

Quantitative Study Components
The main quantitative component of the study will be a
retrospective observational longitudinal study using routine
health data extracted from DHIS2 and other national-level
databases. Specifically, this quantitative part of the study seeks
to answer the following questions: (1) Which districts have been
directly, indirectly, or not impacted by projects? (2) What
differences in health-related SDG indicators and other health
indicators (eg, health systems) can be observed in districts
impacted by resource extraction projects compared to
nonimpacted districts, including maternal and child
health–related indicators? (3) What are the costs and benefits
to the health system of project implementation? (4) How do
projects impact on environmental determinants of health? and
(5) What are the strengths and limitations of the national,
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routine, health information systems and other data sources and
repositories at the national level to monitor how projects impact
on health-related SDG target indicators and other health
indicators? The specific research topics belonging to this work
package are effects on health systems, morbidity and mortality,
environmental determinants of health, maternal and child health,
and health economics. The research in this work package uses
existing DHIS2 surveillance data routinely collected by the
governments of the study countries, along with supplementary
national datasets—DHS, Service Availability and Readiness
Assessment (SARA), Malaria Indicator Survey (MIS),
Multi-Indicator Cluster Survey (MICS), AIDS Indicator Survey
(AIS), and Service Provision Assessment (SPA) (see Table
2)—and remote sensing data (eg, geographical positioning,
weather, and pollution data).
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Table 2. Sources of existing national-level data used in the HIA4SD (Health impact assessment for sustainable development) study.
Data source

Abbreviation

Description

Data frequency

District Health Information System DHIS2
2

The DHIS2 is a Web-based, open-source, health information manage- Monthly
ment and visualization system used in more than 40 countries, including
governmental agencies in the project countries. The DHIS2 databases
contain information about many of the health-related Sustainable Development Goals (SDGs), as well as other key health indicators for
monitoring health and health system performance.

Demographic and Health Survey

DHS

The DHS is a nationally representative household survey that provides Usually every 5
information on a wide range of health, population, and nutrition indica- years
tors.

Service Availability and Readiness
Assessment

SARA

The SARA is a health facility assessment survey designed to monitor
service readiness and availability indicators.

Every 2-3 years
(country dependent)

Malaria Indicator Survey

MIS

The MIS is a household survey designed to collect information on a
wide range of malaria indicators.

Every 3-5 years
(country dependent)

Multi-Indicator Cluster Survey

MICS

The MICS is a household survey designed to collect data on indicators Every 5 years (counrelated to the situation of children and women.
try dependent)

AIDS Indicator Survey

AIS

The AIS is a household survey designed to collect information on indi- Every 5-6 years
cators related to HIV/AIDS.
(country dependent)

Service Provision Assessment

SPA

The SPA is a health facility assessment survey designed to evaluate
health service delivery.

Data Analysis
Geographic Information System Mapping Data
As part of the project, information on natural resource extraction
projects (ie, type, size, and associated projects) and their exact
geographic position will be extracted from government and
other public record databases in the four study countries and
mapped using ArcGIS software (Esri), a geographic information
system (GIS). The data exist in diverse sources in different
countries (ie, Ministries of Land and Natural Resources,
Ministries of Water and Sanitation, Ministries of Science and
Environment, Ministry of Energy, Forest Commissions, and
local government records) as well as international monitoring
organizations (ie, the International Finance Corporation [IFC]
and the World Bank). Satellite imagery from the Landsat
database will be used to estimate the impact of mining on
settlement growth. The extracted satellite scenes will cover a
time range spanning the years prior and after the opening of
selected large-scale mining projects. With the aid of ancillary
ground-truth information from historic Google Earth imagery,
the size of settlements will be determined annually using
machine learning algorithms. The annual growth of settlements
will then be compared between mining and comparison sites.

Sampling of Natural Resource Extraction
Project–Impacted Districts and Matching Comparison
Districts
To analyze the differences in health outcomes between districts
with and without extractive industries, a matched geographical
analysis will be performed within the framework of the HIA4SD
project to provide a stratified sampling framework. In a first
stage, natural resource extraction projects will be mapped in
each country together with their key attributes (ie, size and
number of workers, length and age, type, and geographical
footprint of the project). Each country will be spatially stratified
into four levels for sampling purposes: (1) areas in direct
http://www.researchprotocols.org/2020/4/e17138/

XSL• FO
RenderX

Every 9-10 years
(country dependent)

proximity to a project (highly impacted areas), (2) areas within
a 20-30 km buffer zone of the directly impacted regions
(impacted areas), (3) regions bordering project areas that contain
access roads or other economic or physical links to the project
(potentially impacted areas), and (4) regions greater than 30 km
away from a project that do not contain access roads or other
economic or physical links to the project (nonimpacted areas).
Comparison study sites will be selected from the nonimpacted
areas and matched with important baseline characteristics (ie,
community socioeconomic activities, vegetation, altitude, and
ecological zone) to the highly impacted areas. All facilities,
including public and private, that fit within perimeter boundaries
and are registered in the DHIS2 database will be selected. In a
second stage, highly impacted districts will be matched to two
or three nonimpacted comparison districts within each country.
Districts will be matched based on important baseline
characteristics (ie, population, urbanization and aggregate night
satellite brightness, square area, number of health care facilities,
and disease rates) during the year before project implementation
in the highly impacted district.

Quality Assessment of District Health Information
System 2 Data and Association of Health Indicators With
Natural Resource Extraction Projects
In order to assess the quality and completeness of the DHIS2
data, a comparison of DHIS2 and other data repositories with
health statistics being collected at the local level under other
work packages will be done. Next, potential positive and
negative associations between health outcomes and health
determinants (independent variables) and the existence of natural
resource extraction projects (dependent variable) will be
analyzed in the fourth working step by means of quasi-Poisson
regression models and binomial regression models. The time
span to be analyzed will be determined by the development
history of the projects of interest in combination with the
availability of data, which will vary between datasets. For the
JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 7
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regression model, setting-specific cluster effects (eg, urban,
rural, and type of project) will be taken into account. In order
to maximize statistical power, pooled cross-country analysis
and meta-analysis will be employed in addition to
country-specific evaluations. Finally, based on the previous
working steps, strengths and limitations of the national routine
health information systems and other datasets at the national
level to monitor impacts on health-related SDG target indicators
and other health indicators of extraction projects will be
determined and systematically reported [27].

Economic Cost-Benefit Analysis
Costs to the health system and to the households arising from
prespecified disease conditions in each country will be estimated
based on a retrospective approach. Health system costs will be
collected from published information and on-site in selected
health facilities in impacted districts through key informant
interviews. Cost-generating components, such as required
medical resources related to the corresponding illness, will be
identified and a monetary value will be attributed to them. Costs
incurred by the households, which are associated with the health
care received, will be obtained through exit interviews in health
facilities. The combination of excess cases associated with the
presence of resource extraction projects (ie, data generated in
the quantitative part of the study) and corresponding costs in
each study country will allow the estimation of the cost incurred
to the health system and households. A cost-of-illness analysis
will be employed for estimating the costs incurred because of
specific diseases or conditions (eg, HIV incidence rates,
accidents, and chronic respiratory diseases) that have been
identified in the first work package as being significantly
increased due to the presence of extractive industry projects.
The comparison of incidence data from impacted districts with
incidence data from matching comparison districts (ie, districts
with similar characteristics as impacted districts but without
the presence of extractive industries) will allow for calculating
the number of excess cases (eg, per 100,000 inhabitants) over
the duration of 1 year. Probabilistic sensitivity analysis will be
employed to allow for uncertainty around the cost estimates.
Economic benefits of resource extraction projects will be
measured monetarily in terms of direct and indirect financial
contributions from the projects to the health sector. Financing
of health infrastructure is considered to be a direct financial
contribution, while the share of the health budget in the
incremental tax revenues is considered to be an indirect
contribution. We will also measure any other contributions.

Qualitative Data Analysis
The key informant interviews, focus group discussions, and
in-depth interviews will be recorded using digital voice recorders
for subsequent transcription. The transcripts will then be
imported into software for qualitative data analysis—NVivo
(QSR International)—to code the transcripts for thematic content
and framework analysis based on the COREQ (COnsolidated
criteria for REporting Qualitative research) criteria [28,29]. The
information obtained from different sources will be used for
systematically assessing the different topics of the PhD projects
(ie, partnership arrangements and the perception of health care
services availability and accessibility), with a particular angle
http://www.researchprotocols.org/2020/4/e17138/
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on maternal and child health, sexual and reproductive health of
adolescent girls, and key social determinants linked to the
perceived health impacts.

Triangulation of Quantitative and Qualitative Results
Using triangulation methodologies, the most striking quantitative
and qualitative results will be compared within and across the
research topics and countries. Synergies and discrepancies in
national data sources and local perspectives will be identified
and used to develop new research questions and tools. In
addition, the qualitative results will be used to explore whether
or not the national-level data adequately capture the full range
of health impacts from resource extraction projects as reported
by the local community.

Results
Fieldwork for the study began in February 2019 and concluded
in February 2020. At the time of submission, qualitative data
collection had been completed in Burkina Faso and Tanzania
and is ongoing in Mozambique and Ghana. In Burkina Faso,
36 focus group discussions and 74 key informant interviews
were conducted in three sites. In Ghana, 34 focus group
discussions and 64 key informant interviews were conducted
in three sites. In Mozambique, 75 focus group discussions and
103 key informant interviews were conducted in four sites. In
Tanzania, 36 focus group discussions and 84 key informant
interviews were conducted in three sites. Quantitative data
extraction and collection is ongoing in all four study countries.
Ethical approval for the study was received in all four study
countries prior to beginning the fieldwork. Data analyses are
underway and results are expected to be published in 2020 and
2021.

Discussion
The interlinkages between health, environment, social equity,
politics, and economy are extraordinarily complex in regions
dominated by extractive industries. To investigate these
intersectoral dependencies, we have designed an innovative
new study that is both mixed methods and multi-focus, allowing
for a flexible research design to address many specific research
questions under the umbrella of HIA. By utilizing a mixed
methods design that triangulates both quantitative and qualitative
findings, the study offers the opportunity to look at the impacts
of natural resource extraction projects on population health from
many different approaches and vantage points, allowing for a
more complete understanding of the social, institutional, and
economic changes that follow implementation of a new
extractive project. This type of research cannot exist in an
academic vacuum; to ensure sustainable policy development
we have also incorporated the engagement of key stakeholders
in every phase of the study with the aid of research on national
and international governance, with active participation at all
levels of the host country from policy and political leaders at
the national level to everyday community members affected by
resource extraction projects. Long after the study has concluded,
a new resource of HIA will remain in-country in the form of
highly trained PhD candidates identified by the partner institutes
that are already active in the health research of their countries.
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The study has many strengths stemming from its novel design,
in particular the complementary nature of the data collection
due to the mixed methods design. By integrating many data
sources and types, including national-level datasets, household
data collected by international bodies, and primary data collected
by diverse qualitative and quantitative methodologies, the study
strengthens its evidence base while avoiding relying too much
on one data source that may be biased or characterized by
missing data. In particular, the in-depth multi-focus qualitative
research across the four study countries means that the study
captures a complete picture of health “on the ground” in diverse
regions affected by natural resource extraction, instead of relying
only on national-level data sources. The participatory and
flexible approach to the study design means that the specific
research topics and questions were largely driven by the ideas
of researchers in the partner countries themselves, as opposed
to a traditional top-down approach. This design feature ensures
that findings will be relevant to policy makers at the national
level, instead of mirroring priorities of the more distant
international research community. Finally, instead of a siloed
research approach where all researchers work separately to
gather their own data and analyze it, data will be generated and
shared across all research countries and topics, enabling withinand between-country comparisons. This multidisciplinary
research will generate new hypotheses and findings across a
wide range of health concerns, while promoting HIA
methodology as an underutilized resource.

care facilities. For some resource extraction projects, routine
DHIS2 data may not be available before project implementation,
making it difficult to approximate a true baseline health level
in the impacted district. However, trends over time can still be
described. In addition, nonimpacted districts that are matched
as closely as possible on key demographic characteristics to
impacted districts will provide a comparison that avoids the
need for a baseline. These limitations are outweighed by the
potential benefit of a comprehensive longitudinal assessment
of health and extractive industries for the first time. In addition,
as part of the study a quality assurance analysis will be done to
evaluate the strengths and weaknesses of this data, which will
aid researchers to better understand any biases or missing data
that may affect the findings and also potentially identify areas
for improvement in public health surveillance in the study
countries. Finally, the primary quantitative data collection will
be cross-sectional and, therefore, inferences about causality will
be limited, although this will remain an important insight in an
area where little previous research has been done. The
qualitative research will be, by necessity, of a nonrandom sample
of impacted community members, and the use of a “gatekeeper”
for recruitment may result in a nonrepresentative sample;
however, by recruiting across many communities and countries
and using multiple gatekeepers where possible, the potential
for bias will be limited as much as possible. By including a
diversity of data sources in our study, many of these limitations
will be reduced or eliminated.

The DHIS2 database deserves special mention here as a new
solution to data management across sub-Saharan Africa that is
still relatively underutilized, despite being widely available for
the past 5 years. By extracting and analyzing a wide range of
health indicators countrywide for the past 5 years in all study
countries, our study aims to realize the potential of DHIS2 in
opening a new era of data being generated and analyzed
in-country. This aim has particular reverberations for enabling
countries using DHIS2 to start tracking their own progress
toward the SDGs, instead of relying on estimates from
international bodies.

The HIA4SD study is an innovative study designed to give a
more complete picture, to our knowledge than ever before, of
population health in regions affected by extractive industry
activity. This will allow host countries to move closer to
sustainable development by harnessing the potential positive
socioeconomic impacts of these projects while minimizing
negative consequences due to migration, disease, and
environmental changes. By taking a thematic approach that
incorporates a multifaceted mixed methods research design,
using both already-existing secondary data to track change in
project-impacted regions over time and primary data collected
in the field, the project is able to capture the perspective of the
many actors that have a stake in sustainable development in
these regions while reducing project reliance on any one data
source that may be incomplete. Finally, the integration of
research on governance systems and engagement with key
stakeholders into the project from the beginning helps situate
and translate our research findings into concrete policy
recommendations, aiding progress toward the SDGs.

There are some potential limitations to our study. The DHIS2
database is a relatively new data source, and little is known
about the quality of its data. In addition, DHIS2 represents
individuals that sought medical care from health care facilities
and is likely underreporting actual incidence of disease,
especially in areas without a strong reporting system or for
less-severe disease that is not always treated in formal health

Acknowledgments
We are most grateful to the Swiss Programme for Research on Global Issues for Development (r4d programme) for supporting
the HIA4SD project. This work is part of the r4d programme [30], which is a joint funding initiative by the Swiss Agency for
Development and Cooperation (SDC) and the Swiss National Science Foundation (SNSF) (grant number 169461).

Authors' Contributions
AF drafted the manuscript, with input from all coauthors. MSW is the principal investigator of the project and is responsible for
overall study coordination. FB is a coprincipal investigator. HC, BN, IL, and HRZ are responsible for coordinating fieldwork
and research in their respective countries.

http://www.researchprotocols.org/2020/4/e17138/

XSL• FO
RenderX

JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 9
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Farnham et al

Conflicts of Interest
None declared.

References
1.

2.

3.

4.

5.

6.
7.

8.
9.
10.
11.
12.

13.

14.

15.

16.

17.

18.
19.
20.

Listorti JA. Bridging Environmental Health Gaps: Lessons for Sub-Saharan Africa Infrastructure Projects. Main Report
(Volume I). Washington, DC: The World Bank, Africa Technical Department, Environmentally Sustainable Development
Division; 1996 May. URL: http://documents.worldbank.org/curated/en/963121468740127395/pdf/multi-page.pdf [accessed
2020-03-31]
Langston JD, Lubis MI, Sayer JA, Margules C, Boedhihartono AK, Dirks PH. Comparative development benefits from
small and large scale mines in North Sulawesi, Indonesia. Extr Ind Soc 2015 Aug;2(3):434-444. [doi:
10.1016/j.exis.2015.02.007]
Knoblauch A, Hodges M, Bah M, Kamara H, Kargbo A, Paye J, et al. Changing patterns of health in communities impacted
by a bioenergy project in northern Sierra Leone. Int J Environ Res Public Health 2014 Dec;11(12):12997-13016 [FREE
Full text] [doi: 10.3390/ijerph111212997] [Medline: 25514152]
Afrane Y, Zhou G, Lawson B, Githeko A, Yan G. Effects of microclimatic changes caused by deforestation on the
survivorship and reproductive fitness of Anopheles gambiae in western Kenya highlands. Am J Trop Med Hyg 2006
May;74(5):772-778. [Medline: 16687679]
Shandro J, Koehoorn M, Scoble M, Ostry A, Gibson N, Veiga M. Mental health, cardiovascular disease and declining
economies in British Columbia mining communities. Minerals 2011 Oct 28;1(1):30-48 [FREE Full text] [doi:
10.3390/min1010030]
Reeson A, Measham T, Hosking K. Mining activity, income inequality and gender in regional Australia. Aust J Agric
Resour Econ 2012 Jan 20;56:302-313 [FREE Full text] [doi: 10.1111/j.1467-8489.2012.00578.x]
von der Goltz J, Barnwal P. Department of Economics, Columbia University. 2014 Feb 23. Mines: The local welfare effects
of mineral mining in developing countries URL: https://academiccommons.columbia.edu/doi/10.7916/D88D04VH/download
[accessed 2019-07-23]
Campbell C. Migrancy, masculine identities and AIDS: The psychosocial context of HIV transmission on the South African
gold mines. Soc Sci Med 1997 Jul;45(2):273-281. [doi: 10.1016/s0277-9536(96)00343-7]
Hilson G. An overview of land use conflicts in mining communities. Land use policy 2002 Jan;19(1):65-73. [doi:
10.1016/s0264-8377(01)00043-6]
Westwood E, Orenstein M. Does resource development increase community sexually transmitted infections? An
environmental scan. Extr Ind Soc 2016 Jan;3(1):240-248. [doi: 10.1016/j.exis.2015.10.008]
O’Faircheallaigh C. Social equity and large mining projects: Voluntary industry initiatives, public regulation and community
development agreements. J Bus Ethics 2014 Aug 8;132(1):91-103. [doi: 10.1007/s10551-014-2308-3]
Gibb H, O'Leary KG. Mercury exposure and health impacts among individuals in the artisanal and small-scale gold mining
community: A comprehensive review. Environ Health Perspect 2014 Jul;122(7):667-672 [FREE Full text] [doi:
10.1289/ehp.1307864] [Medline: 24682486]
Molina-Villalba I, Lacasaña M, Rodríguez-Barranco M, Hernández AF, Gonzalez-Alzaga B, Aguilar-Garduño C, et al.
Biomonitoring of arsenic, cadmium, lead, manganese and mercury in urine and hair of children living near mining and
industrial areas. Chemosphere 2015 May;124:83-91. [doi: 10.1016/j.chemosphere.2014.11.016] [Medline: 25434277]
Yabe J, Nakayama SM, Ikenaka Y, Yohannes YB, Bortey-Sam N, Oroszlany B, et al. Lead poisoning in children from
townships in the vicinity of a lead-zinc mine in Kabwe, Zambia. Chemosphere 2015 Jan;119:941-947. [doi:
10.1016/j.chemosphere.2014.09.028] [Medline: 25303652]
Hossain D, Gorman D, Chapelle B, Mann W, Saal R, Penton G. Impact of the mining industry on the mental health of
landholders and rural communities in southwest Queensland. Australas Psychiatry 2013 Mar;21(1):32-37. [doi:
10.1177/1039856212460287] [Medline: 23344802]
Viliani F, Edelstein M, Buckley E, Llamas A, Dar O. Mining and emerging infectious diseases: Results of the Infectious
Disease Risk Assessment and Management (IDRAM) initiative pilot. Extr Ind Soc 2017 Apr;4(2):251-259. [doi:
10.1016/j.exis.2016.08.009]
Quigley R, den Broeder L, Furu P, Bond A, Cave B, Bos R. Health Impact Assessment: International Best Practice Principles.
Special Publication Series No. 5. Fargo, ND: International Association for Impact Assessment (IAIA); 2006 Sep. URL:
http://hiaconnect.edu.au/old/files/HIA_Best_Practice_Principles.pdf [accessed 2019-07-24]
Harris-Roxas B, Viliani F, Bond A, Cave B, Divall M, Furu P, et al. Health impact assessment: The state of the art. Impact
Assess Proj Apprais 2012 Mar;30(1):43-52 [FREE Full text] [doi: 10.1080/14615517.2012.666035]
Burton I, Wilson J, Munn RE. Environmental impact assessment: National approaches and international needs. Environ
Monit Assess 1983 Jun;3(2):133-150. [doi: 10.1007/bf00398843]
Morgan RK. Environmental impact assessment: The state of the art. Impact Assess Proj Apprais 2012 Mar;30(1):5-14.
[doi: 10.1080/14615517.2012.661557]

http://www.researchprotocols.org/2020/4/e17138/

XSL• FO
RenderX

JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 10
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
21.
22.

23.

24.
25.
26.

27.
28.

29.

30.

Farnham et al

Winkler MS, Krieger GR, Divall MJ, Cissé G, Wielga M, Singer BH, et al. Untapped potential of health impact assessment.
Bull World Health Organ 2013 Jan 31;91(4):298-305. [doi: 10.2471/blt.12.112318]
Harris P, Viliani F, Spickett J. Assessing health impacts within environmental impact assessments: An opportunity for
public health globally which must not remain missed. Int J Environ Res Public Health 2015 Jan 20;12(1):1044-1049 [FREE
Full text] [doi: 10.3390/ijerph120101044] [Medline: 25608592]
Winkler MS, Adongo PB, Binka F, Brugger F, Diagbouga S, Macete E, et al. Health impact assessment for promoting
sustainable development: The HIA4SD project. Impact Assess Proj Apprais 2019 Nov 28:1-8. [doi:
10.1080/14615517.2019.1694783]
Creswell JW, Plano Clark VL. Designing and Conducting Mixed Methods Research. 3rd edition. Thousand Oaks, CA:
SAGE Publications; 2018.
Winkler MS, Krieger GR, Divall MJ, Singer BH, Utzinger J. Health impact assessment of industrial development projects:
A spatio-temporal visualization. Geospat Health 2012 May;6(2):299-301. [doi: 10.4081/gh.2012.148] [Medline: 22639132]
Youssef D, Khoury C, Allouch G, Haydar K, Jouny A, Zreik H, et al. Use of District Health Information System (DHIS-2)
for real time surveillance: Lebanon 2017. In: Proceedings of the EMPHNET 6th Regional Conference 2018. 2018 Mar 29
Presented at: EMPHNET 6th Regional Conference 2018; March 27-29, 2018; Amman, Jordan. [doi: 10.2196/10547]
Farnham A, Utzinger J, Kulinkina AV, Winkler MS. Using district health information to monitor sustainable development.
Bull World Health Organ 2019 Nov 29;98(1):69-71. [doi: 10.2471/blt.19.239970]
Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): A 32-item checklist for
interviews and focus groups. Int J Qual Health Care 2007 Dec;19(6):349-357. [doi: 10.1093/intqhc/mzm042] [Medline:
17872937]
Gale NK, Heath G, Cameron E, Rashid S, Redwood S. Using the framework method for the analysis of qualitative data in
multi-disciplinary health research. BMC Med Res Methodol 2013 Oct 18;13:117 [FREE Full text] [doi:
10.1186/1471-2288-13-117] [Medline: 24047204]
Swiss Programme for Research on Global Issues for Development (r4d programme). URL: http://www.r4d.ch/ [accessed
2020-03-31]

Abbreviations
AIS: AIDS Indicator Survey
COREQ: COnsolidated criteria for REporting Qualitative research
DHIS2: District Health Information System 2
DHS: Demographic and Health Survey
GIS: geographic information system
HIA: health impact assessment
HIA4SD: Health impact assessment for sustainable development
ICVL: International Coal Ventures
IFC: International Finance Corporation
JSPL: Jindal Mozambique Minerals
MICS: Multi-Indicator Cluster Survey
MIS: Malaria Indicator Survey
MRM: Montepuez Ruby Mining
r4d programme: Swiss Programme for Research on Global Issues for Development
SARA: Service Availability and Readiness Assessment
SDC: Swiss Agency for Development and Cooperation
SDG: Sustainable Development Goal
SNSF: Swiss National Science Foundation
SPA: Service Provision Assessment

Edited by G Eysenbach; submitted 20.11.19; peer-reviewed by DJ Kishore, T Ingviya, T Isaacs; comments to author 06.01.20; revised
version received 03.02.20; accepted 22.02.20; published 08.04.20
Please cite as:
Farnham A, Cossa H, Dietler D, Engebretsen R, Leuenberger A, Lyatuu I, Nimako B, Zabre HR, Brugger F, Winkler MS
Investigating Health Impacts of Natural Resource Extraction Projects in Burkina Faso, Ghana, Mozambique, and Tanzania: Protocol
for a Mixed Methods Study
JMIR Res Protoc 2020;9(4):e17138
URL: http://www.researchprotocols.org/2020/4/e17138/
doi: 10.2196/17138
PMID:
http://www.researchprotocols.org/2020/4/e17138/

XSL• FO
RenderX

JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 11
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Farnham et al

©Andrea Farnham, Hermínio Cossa, Dominik Dietler, Rebecca Engebretsen, Andrea Leuenberger, Isaac Lyatuu, Belinda Nimako,
Hyacinthe R Zabre, Fritz Brugger, Mirko S Winkler. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 08.04.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

http://www.researchprotocols.org/2020/4/e17138/

XSL• FO
RenderX

JMIR Res Protoc 2020 | vol. 9 | iss. 4 | e17138 | p. 12
(page number not for citation purposes)

