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Abstract: Forests are increasingly recognized for their beneficial roles in human health. However,
there is a debate on how forest health benefits can be accessed equitably, particularly by vulnerable
forest-dependent rural communities in low- and middle-income countries (LMICs). Access to forest
health benefits is determined by a range of interconnected means, including property rights, as well
as natural, physical, human, social, and financial capital. This paper presents a literature review of the
roles of means of access in shaping human health effects of forests. Evidence suggests that variations
in these means of access are associated with varying ability to access forest health benefits. However,
existing evidence is thin, mixed, and weak. A conceptual model is then developed to provide a
framework for understanding how means of access moderate the effects of forests on health in rural
LMICs to guide the generation of strong evidence. The multiple interconnected factors moderating
the health effects of forests at the core of the conceptual framework promote the multisectoral and
transdisciplinary approaches needed to enhance equitable access to forest health benefits.

Keywords: conservation; financial capital; human capital; impact evaluation; means of access; natural
capital; physical capital; planetary health; property rights; social capital

1. Introduction

Forests have been increasingly recognized for their beneficial contribution to human
health [1], in addition to their established roles in biodiversity conservation [2], climate
change mitigation [3], and poverty alleviation [4]. Though forests are linked to some
negative health outcomes, the effects of forests on human health are overwhelmingly
beneficial [5]. Existing evidence, however, predominantly focuses on the psychological
and physiological health benefits of recreational exposure to or experience of forests or
greenspaces in urban communities in high-income countries. Evidence from rural low-
and middle-income countries (LMICs) is scarce [5]. Yet, rural communities in LMICs are
highly dependent on health benefits from natural resources because of limited access to
health services and infrastructure [6]. Furthermore, the rates of forest degradation and
deforestation are high in the rural areas of LMICs [7]. There is therefore a debate on how
such communities can sustainably and equitably derive or enhance forest health benefits.
The mere availability of forest resources does not necessarily translate into beneficial human
health outcomes. Access to forest health benefits (e.g., forest food, improved water quality)
is a requisite for these resources to have beneficial health impacts. To contribute to the
debate, this paper discusses a constellation of interconnected factors that influence access
to forest health benefits in rural communities in LMICs.

Access is defined as the “ability to derive benefits from things” [8]. There are many
studies researching factors determining access to health benefits of forests and urban
greenspaces in high-income countries. Examples of such factors include distance to forests
or greenspaces, weather, safety, occupation, lifestyle, time availability, and relatedness to
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nature [9–11]. While there may be cases where some of these factors can also determine
access to forest health benefits in LMICs (e.g., in urban areas [12]), conclusions from studies
in high-income countries cannot be easily extended to rural communities in LMICs because
of differences in social-ecological contexts [13]. In rural LMICs, factors determining access
to forest benefits include means, such as property rights [14] and capital (natural, physical,
human, social, financial) [15–17]. Property rights are well-acknowledged means to gain,
maintain, or control access to forest benefits. However, property rights alone do not
guarantee access. Through negotiation, cooperation, competition, or conflict, people who
have no property rights can still have access to forest benefits [18]. Other contextual factors,
such as natural, physical, human, social, and financial capital, mediate or operate parallel to
property rights to constrain or enable people to derive benefits from forest resources [15–17].
While the roles of these means of access (property rights and capital) in shaping human
wellbeing benefits from forests are relatively well characterized in rural LMICs, human
health is rarely considered as an outcome.

The paucity of evidence on how means of access alter the effects of forests on human
health in rural LMIC context limits the application of forest-based interventions involving
property rights or capital as nature-based solutions in public health. Such evidence is
needed to design forest conservation programs that will improve human health outcomes
for some of the world’s most vulnerable communities highly dependent on rapidly shrink-
ing forest resources. A conceptual model that provides a framework for understanding
how means of access (property rights and capital) shape people’s ability to derive health
forest benefits is therefore needed. A conceptual framework should also provide guidance
on how to generate strong evidence on how forests and means of access interact to affect
human health outcomes. This paper presents such a conceptual framework based on a
review of the current state of knowledge on property rights and capital as means of access
to forest health benefits in the rural communities of LMICs and a discussion of existing
conceptual frameworks linking forests and human health. The findings of the review are
first summarized. The paper then discusses existing conceptual frameworks and describes
the newly developed one. Last, future research needs are highlighted, and the paper con-
cludes with policy implications of the roles of property rights and capital in strengthening
people’s ability to derive forest health benefits.

2. Literature Review: Property Rights and Natural, Physical, Human, Social and
Financial Capital as Means of Access to Forest Health Benefits in Rural LMICs

This review built on a series of workshops by the Global Forest Expert Panel (GFEP)
on Forests and Human Health organized by the International Union of Forestry Research
Organizations (IUFRO) in 2021 and 2022 [5]. It is specifically based on the section about
the management of forest access in the fifth chapter of the GFEP report [5]. The literature
discussed in this article was identified through two systematic reviews on the impacts of
forest-based and forest property rights interventions on social outcomes [14,19]. Studies
reporting nutritional and health-related outcomes were specifically selected. Workshop
discussions involving the 44 scientists of the GFEP on Forests and Human Health from
diverse backgrounds (forestry, ecology, landscape design, psychology, medicine, epidemiol-
ogy, and public health) provided additional relevant studies; 10 independent experts who
had reviewed a draft of the GFEP report were also consulted [5].

2.1. Property Rights

Rights can be understood as claims to benefits that are acknowledged and supported
by society through law, custom, or convention [8]. Securing the property rights of local
communities to forest resources matters for ethical reasons, as these communities have
often customarily owned these resources for many generations and their wellbeing and way
of life depend on access to them [20]. Furthermore, secure property rights can empower
local communities to make their own long-term forest management decisions, which are
tailored to local needs and circumstances, locally supported, and thus more likely to benefit
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both community and forest wellbeing [20]. In the context of forest health benefits, property
rights represent one of the means that ensure local communities have direct access to health-
related forest products, such as forest foods and medicinal plants, as well as timber and
non-timber products that are sources of income that people can then use for health care.

Yet, data from 33 LMICs show that only 24.1% of forest areas are legally owned by
local communities and indigenous peoples [21]. Ownership grants access control to local
communities and indigenous peoples, i.e., they can mediate or exclude others’ access to
forest resources [18]. Local forest owners also have rights to due process and compensation
in case of conflicts [21]. An additional 4.0% of the 33 LMICs’ forest areas are designated
for local communities and indigenous people, where their rights can range from the use
of forest resources to the control of access to these resources [21]. The majority (63.7%) of
forests in LMICs are still owned and administered by governments [21].

Where local communities do not have legal ownership of forests, they often con-
test forests through customary ownership [21]. Such overlap of legal (government) and
customary (community) ownership can result in access ambiguity that, in turn, leads to
conflicts [8]. Moreover, whenever local communities have no legal ownership, their access
to forest resources, including those associated with health benefits, remains insecure, as the
government, which legally owns forests, is the ultimate access mediator, adjudicator, and
power holder [8].

Of particular interest is the continuing expansion of protected areas for biodiversity
conservation that are often administered by governments. Approximately 18% of the
world’s forests come within the boundaries of legally established protected areas [22].
Furthermore, the Global Biodiversity Framework (GBF) adopted by the 15th Conference of
Parties to the United Nations Convention on Biological Diversity includes a target (Target 3)
to protect 30% of the world’s land area by 2030 [23]. Protected areas can have beneficial
effects on health outcomes by delivering ecosystem services of direct (e.g., forest food,
water purification, medicinal plants) or indirect (e.g., forest income) relevance to human
health that would have been lost without protection. Protected areas can also bring new
livelihood opportunities (e.g., tourism-related employment) that can be used to support
health outcomes [24]. However, displacements of local communities and restrictions of
access to forest resources imposed by the establishment of protected areas could counter
these potential benefits [24]. While the majority of the protected areas established during
the recent decades allow multiple uses of forest resources (categories V–VI in the Interna-
tional Union for Conservation of Nature (IUCN) protected area categorization), access to
resources within many of these protected areas is still contested by local communities [25].
Additionally, there are still many protected areas where access to forest resources is strictly
limited (IUCN categories I–IV).

Evidence suggests that more extensive property rights are more likely to be associated
with improved socio-economic outcomes—including health benefits—than more limited
rights [14]. For example, devolution of forest management rights (rights to make rules for
internal use and to transform forest resources by making improvements) to communities
in Bhutan was associated with increased calorie intake by individuals in participating
households, protecting them against the health risk of malnutrition [26]. In Namibia, people
living in communal conservancies—areas under customary property rights, where rights to
benefit from natural resources are devolved to local communities—had higher ownership
of bed nets (for malaria prevention) than people in non-conservancy comparison areas [27].
There, however, was no significant difference between the two groups (conservancy vs.
non-conservancy) in the prevalence of diarrheal diseases [27]. Communities around the
Loita forest in Kenya, which is managed under traditional property rights in which local
communities are the owners of forests and have the right to exclude others, perceived that
the control of access to forest resources granted to the communities improved their health
status [28]. In the context of protected areas, a study covering 34 LMICs indicated that forest
use rights in multiple-use protected areas (IUCN categories V–VI) were associated with
stronger child growth (higher height-for-age) [29]. In Uganda, restricted rights to forest
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resources by the Budongo and Rwensama Forest Reserves were linked to psychological
distress among households bordering the reserves through the negative effects of the
restrictions on material wealth and food security [30].

However, there are also studies indicating stronger associations between enhanced health
benefits and limited rights than extensive rights. In Tanzania, for example, Pailler et al. [31]
detected significant positive associations between community forest management rights
and child nutritional status (height-for-age, weight-for-age), where rights grant more
limited control of access. No significant association was detected where the management
rights allow for more extensive control of access [31]. In the same country, local communities
perceived improvement in access to forest medicinal plants, and hence health, where
there were more limited rights, but not where there were more extensive rights [32]. The
inconsistent findings on the associations between variation in forest property rights (limited
vs. extensive) and health benefits might be explained by the fact that, though property rights
are important, they represent only one means by which to derive forest health benefits.
Other contextual factors act in parallel or interact with property rights to determine access
to these benefits [8].

2.2. Contextual Factors Shaping Access to Forest Health Benefits: Capital

Access to forest health benefits is enhanced or constrained by a wide range of socio-
economic contexts within which access is sought. These contextual factors complement or
conflict with each other and property rights to shape people’s ability to derive forest health
benefits. These contextual factors can be categorized into the different types of capital (nat-
ural, physical, human, social, and financial) defined in the Sustainable (Rural) Livelihoods
Framework [33,34] and used to organize factors that constrain or enhance access to benefits
from environmental resources [15–17]. The Sustainable Livelihood Framework has been
widely used in development research and policy [35].

2.2.1. Natural Capital

Natural capital comprises the natural resources people depend on for their liveli-
hoods [17]. The conditions of forest resources (here, the natural capital) shape people’s
ability to access the health benefits they provide. The number of forests and their configu-
ration across landscapes were significantly associated with diet quality, a key determinant
of nutritional status, in Ethiopia, Malawi, Nigeria, Tanzania, and Uganda [36]. Another
example in which forest conditions can affect access to forest health benefits is in areas
where women are the primary collectors of forest products such as firewood and fodder [37].
In Indian villages, women used to walk 1–2 km every day to gather sufficient firewood for
cooking. After forest degradation, they needed to walk 8–10 km for the same purpose [38].
Such a shift in time and energy allocation by women, who are also the primary household
caregivers, takes their time and energy away from food preparation, more careful child
feeding behaviors, income generation, and health care, and thus can impact the health of
household members [39]. As an example for infectious diseases, Rasolofoson et al. [40]
suggest that good upstream forest conditions can render chlorination more effective at
reducing diarrhea prevalence in Haiti and Honduras. They indicated that when forests
in upstream areas of watersheds are degraded, the quality of downstream raw water can
become poor, which limits the effectiveness of chlorination in dealing with diarrhea [40].
Preservation of forests through the establishment of protected areas in upstream watersheds
was associated with a reduced downstream prevalence of diarrhea on the island of Flores
in Indonesia [41].

2.2.2. Physical Capital

Physical capital includes infrastructure that people need or tools and equipment that
they use to make a living [17]. Roads, for example, can shape the relationship between
forests and human health in different ways. Roads open ways for alternative food and
health services that can reduce communities’ dependence on forest resources [6]. Roads
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can also enhance access to markets and equipment, which facilitates the transformation
of forest benefits into health benefits. For example, a study covering 27 LMICs suggests
that living near roads supports forest-dependent communities in converting forest benefits
to nutritional benefits [42]. However, road development is also a driver of deforestation
and forest degradation [43] and thus can affect human health through the impact of these
roads on forests (natural capital). The positive and negative effects on human health of
the change in relationships between local communities and forests caused by roads can be
illustrated by the construction of the Interoceanic Highway in the Peruvian Amazon, which
increased food diversity and healthcare access, but reduced access to natural resources and
hunting, and increased infectious disease (dengue) and consumption of junk food [44,45].

Tools and equipment can enhance access to forest health benefits. For example, in the
northeastern Democratic Republic of Congo, where hunting is carried out primarily with
shotguns, ownership of such tools enabled richer community members to derive health
benefits from bushmeat consumption [46]. Evidence suggests that bushmeat consumption
is associated with the reduced prevalence of nutritional deficiencies (e.g., anemia) [47].
Forests can also benefit human health through conservation programs that build physical
capital to incentivize local communities to conserve forests. In the Gunung Palung National
Park in Indonesia, for example, a program that established a health clinic and offered
discounts to communities conditional on the reduction of illegal logging saw an increase in
clinic usage [48].

The role of physical capital in enhancing access to the health benefits of forests can also
be illustrated by the multiple-barrier approach to clean drinking water provision. From
source watersheds to water distribution, multiple consecutive barriers to pollutants and
contaminants are needed to ensure safe drinking water [49]. By filtering raw water, forested
watersheds can act as early barriers, increasing the effectiveness and lowering the cost
of clean drinking water provision [50]. Additional infrastructure is, however, needed at
point-of-use or source (e.g., point-of-use chlorination, water treatment plants) to enhance
the benefits of water filtration by forested watersheds in providing clean drinking water
and preventing waterborne disease. For example, chlorination was still needed to reduce
the prevalence of diarrhea in Haiti and Honduras, but the presence of upstream forests
could increase its effectiveness [40].

2.2.3. Human Capital

Key indicators of human capital include skills, education, knowledge, and health [17].
The level of education has been positively associated with the effects of forests on diet
quality, as more educated people may be more diet-conscious and, thus, more likely able
to translate forest benefits into a nutritious diet [42]. Women’s nutrition knowledge is of
high significance for forest nutritional benefits, given that decisions regarding household
food use and practices are mostly made by women [51]. Traditional knowledge of forest
medicinal herbs is a type of human capital commonly used in traditional medicine practice,
particularly in forest-dependent communities [28,32]. Forests—through conservation ac-
tivities involving education, training, and skills development—can also generate health
benefits. A conservation project that involved education on family planning was associated
with increased contraceptive use among women in a national park in Madagascar [52]. In
Cameroon, the development of skills needed for indigenous tree domestication and agro-
forestry was associated with higher consumption of nutritious fruits and use of medicinal
plants, which in turn was reported to result in a reduction in the frequency of sickness and
hospitalization [53].

2.2.4. Social Capital

Social capital is composed of the network of social relationships people have, including
relationships with either more powerful individuals or with others like themselves, or
the membership of groups or organizations [54]. Privileged relationships with authori-
tative individuals or institutions that design, implement, or enforce forest use rules can
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strongly influence who benefits from forest resources [8]. In Madagascar, for example,
there are reported cases in which community elites, thanks to better skills and education
(human capital) that are required for the establishment of legally recognized community
forest management, have developed relationships with state authorities and implement-
ing organizations. Such relationships have led to rules favoring these community elites,
allowing them to capture forest benefits and other resources (e.g., support for livelihood
alternatives) [55,56]. Group membership can also affect the distribution of benefits from
forest resources. Some persons are subject to rules, while others may be exempt because
of their group membership [8]. For example, in cases of participatory forest management
in Ethiopia, membership of forest user groups, which is required for livestock grazing
and timber harvesting, was associated with increased livestock assets and income. Non-
members, who lost access to forest products and grazing, experienced income shocks [57],
which can have repercussions on household health care.

Markets, as exchange relations [8], are a type of social capital. The ability to derive
cash income from forest resources depends on access to markets. The collection and
sale of forest products can provide support, especially for those who lack the means to
engage in other livelihood activities (women and the most disadvantaged members of a
community) [58]. Cash income in turn can be used for health care. Forest-based programs
involving the improvement of market access, such as forest certification, showed positive or
neutral associations with socio-economic outcomes [59]. Specifically, a study in Indonesia
suggested that forest certification was associated with reduced firewood dependence, air
pollution, respiratory infections, and malnutrition while having no relationship with the
number of healthcare facilities [60]. The creation of producer business groups that linked
smallholder indigenous fruit farmers to wholesale buyers was reported to result in farmers’
income increase in Kenya and Uganda [61].

2.2.5. Financial Capital

Financial capital includes cash income and remittances, credit, and savings in kind
and cash [54]. In lowland forests in Bolivia and mangrove forests in Bangladesh, finan-
cial capital was positively correlated with the extraction of forest products, given that
wealthier households (i.e., with higher financial capital) were able to invest more in such
extraction [17,62]. The status and power afforded by financial capital could be used to
acquire other means of access [8]. Financial capital can be used to purchase property rights,
pay for rents or access fees, tools or equipment (physical capital) for resource extraction,
acquire education and knowledge (human capital), and invest in relationships with or
buy the influence of people with authority (social capital). A study in the Democratic
Republic of Congo, for example, reported that poor households consumed less bushmeat
and fish because they could not afford the high-capital tools (e.g., shotguns and nets) neces-
sary to exploit these resources [46]. In a community forest management case in Uganda,
wealthy households saw significant gains in income from forests because they were able to
extract and commercialize illegally harvested timber by offering bribes to forest officials
responsible for monitoring and rule enforcement [63].

3. Conceptual Framework: Roles of Means of Access in Moderating the Effects of
Forests on Human Health Outcomes

The review presented in the preceding sections indicates that variations in means of
access (property rights and capital) are associated with a varying ability to derive forest
health benefits. These associations are, however, mixed, with increasing levels of means
of access both positively and negatively associated with forest effects on human health
outcomes. A conceptual framework for understanding how means of access shape the
human health effects of forests is therefore needed to support the design of configurations
of means of access that will enhance the effects of forests on health outcomes. A conceptual
framework is also useful to help researchers and practitioners generate strong evidence on
how means of access moderate the effects of forests on health outcomes.
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3.1. Existing Forest–Health Conceptual Frameworks

To date, there is no conceptual framework that specifically describes factors which
modify the health effects of forests in rural communities in LMICs that are highly dependent
on forest resources. To develop such a framework, existing forest–health conceptual
frameworks are reviewed to identify gaps and justify the need for a new conceptual
framework. This section presents a brief discussion of those frameworks and how to
expand upon them.

The International Union of Forest Research Organizations (IUFRO) and the World
Wildlife Fund (WWF) have each developed a forest–health conceptual framework with
global scope [1,5]. Both of these frameworks distinguish between three groups of bene-
ficiaries of forest health benefits: forest-dependent, rural, and urban communities. Such
distinction recognizes that different groups benefit from forests in different ways. While
these global frameworks provide general tools for analyzing forest–health relationships,
due to harmonization across contexts (e.g., high-income countries and LMICs), they are less
sensitive to context-specific aspects and factors that shape forest–health relationships. There
is therefore a need to refine these conceptual frameworks when applied to high-income
countries or LMICs.

In high-income countries, many conceptual frameworks distinguish between two
types of variables that can explain the effects of forests and urban greenspaces on human
health outcomes: mechanisms (also known as mediators) and moderators (e.g., [9–11]). A
mechanism is an intermediate outcome that lies on the causal pathway between forests and
a human health outcome. Once affected by forests, a mechanism affects the health outcome
(Figure 1A). For example, urban greenspaces can lead to increased physical activity, which
in turn reduces obesity [64]. Physical activity is therefore a mechanism through which
urban greenspaces affect obesity. A moderator, however, does not lie on a causal pathway
but alters the magnitude or direction of the effects of forests on a health outcome (Figure 1B).
For example, Coombes et al. [65] reported that people living closer to greenspaces were
more likely to do more physical activity and less likely to be obese, suggesting that distance
between homes and greenspaces can be a moderator of the effects of greenspaces on obesity.
Differences between mechanisms and moderators have critical implications for the choices
of study designs [66].

However, the conceptual frameworks on the effects of forests and urban greenspaces
on human health outcomes in high-income countries are of limited use for understanding
the links between forests and human health in rural communities in LMICs [13]. They
mainly drew from studies on the health benefits of recreational exposure to or experience
of forests or urban greenspaces, including opportunities for increased physical activities
and psychological benefits of engaging with the natural environment. Relevant modera-
tors include distance to forests or greenspaces, weather, safety, occupation, lifestyle, time
availability, and relatedness to nature [9–11]. There can be overlaps between forest health
benefits and moderators in high-income countries and LMICs (e.g., in urban areas [12]).
However, rural communities in LMICs depend directly on forest resources for their liveli-
hood, health services, and cultural and spiritual practices [67]. The literature reviewed in
previous sections therefore shows that studies in rural communities in LMICs tend to focus
more on forest health benefits provided through ecosystem services (e.g., water purifica-
tion, forest foods, medicinal plants) or conservation initiatives designed to incentivize local
communities to conserve forests. Relevant moderators include means of access, such as
property rights [14], as well as natural, physical, human, social, and financial capital [15,17].
There is therefore a need for a conceptual framework that specifically accounts for a rural
LMIC context.

Finally, a number of conceptual frameworks for analyzing the relationships between
ecosystems and human wellbeing are more sensitive to an LMIC context (e.g., [16,68–70]).
These frameworks point to the importance of property rights or capital in shaping people’s
access to ecosystem services or nature’s benefits to people. However, they do not differenti-
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ate between mechanisms and moderators and do not specifically focus on human health as
an outcome.
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3.2. A New Conceptual Framework for Understanding Access to Forest Health Benefits in
Rural LMICs

Drawing elements from the aforementioned conceptual frameworks, a new conceptual
model (Figure 2) has been developed to provide a framework for understanding how means
of access (property rights and capital) moderate the effects of forests on human health
outcomes in the rural communities of LMICs. Based on the IUFRO and WWF global frame-
works’ categorization of beneficiaries of forest health benefits [1,5], rural communities are
the focus of the newly developed conceptual framework. Distinctions between mechanisms
and moderators are also emphasized following the conceptual frameworks on the effects of
forests and urban greenspaces on human health outcomes in high-income countries [9–11].
The importance of means of access in ecosystem –wellbeing frameworks [16,68–70] informs
the description of property rights and capital as moderators of the effects of forests on
human health outcomes in LMICs. The conceptual framework depicted in Figure 2 is
therefore more specific and targeted than the IUFRO and WWF global frameworks and the
ecosystem–wellbeing frameworks by focusing on rural communities in LMICs and human
health outcomes. Nevertheless, it advances the understanding of overlooked forest–health
relationships among some of the world’s most vulnerable communities lacking vital health
services and infrastructure and thus highly dependent on forest resources.

3.2.1. Mechanisms through Which Forests Affect Human Health Outcomes

Mechanisms in the pathways between forests and human health can be intertwined
and work together in different ways [9]. Presenting such complexity is not the primary focus
of the conceptual framework in Figure 2. Other forest–health conceptual frameworks (and
related frameworks: biodiversity–health, nature–health) discuss these complex interactions
between mechanisms (e.g., [1,5,9,10,71–73]). Here, the mechanisms are grouped into three
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categories corresponding to three different ways in which means of access moderate the
effects of forests on health outcomes (see section on moderators below).
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Forests can affect health outcomes through the provision of ecosystem services of
direct relevance to human health (e.g., nutritious forest food [42], medicinal plants [32], and
water purification [40]) (Figure 2). Forest ecosystem services that are not directly relevant to
human health can also be transformed to impact health outcomes (Figure 2). For example,
timber products can be sold for cash income [63], which can then be used for health care.
Finally, forests can affect health outcomes through conservation initiatives intended to
foster conservation-related behavior (Figure 2). While some of these initiatives are directly
linked to human health (e.g., health education [52], health clinics [48]), for others the link
to human health is indirect (e.g., alternative livelihoods [74]).

3.2.2. Moderators of the Effects of Forests on Human Health Outcomes: Means of Access

In the causal inference literature, a moderator alters the magnitude or direction of
the effect of a causal variable (e.g., forests) on an outcome variable (e.g., a human health
outcome) by regulating (constraining or enhancing) the different mechanisms in the path-
ways between these variables [66]. Means of access to forest health benefits (property
rights and capital) moderate the effects of forests on human health outcomes by regulating
the consumption or transformation of ecosystem services, and participation in conserva-
tion activities (Figure 2). By depicting how moderators regulate mechanisms to deliver
outcomes, the conceptual framework in Figure 2 can support the identification of mech-
anisms to be strengthened to enhance the health effects of forests, given a configuration
of means of access. Conversely, the framework can also support the design of means of
access configurations needed to promote specific mechanisms that will lead to improved
health outcomes.

3.2.3. Equity of the Health Effects of Forests

Because of the regulating roles of means of access, the magnitude or direction of
the effects of forests on human health outcomes varies as a function of their levels. Such
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variation or heterogeneity has equity implications (Figure 2). Vulnerable rural people or
communities in LMICs often have limited means (rights and capital) to derive benefits
from forest resources [14]. However, they are highly dependent on these resources for
critical services directly (e.g., forest foods, water purification) and indirectly (e.g., forest
income) relevant to human health because they lack essential infrastructure and markets
for the provisioning of health-related services [6,75]. Health benefits from forest resources
are therefore inequitably distributed, with studies reporting more benefits to wealthier,
better-educated, or male-headed households [26,31,32,42,46].

3.2.4. Health Outcomes

Health is defined as “a state of complete physical, mental, and social wellbeing and not
merely the absence of disease or infirmity” [76]. From the literature reviewed in previous
sections, most of the studies in rural communities in LMICs examine health outcomes
related to forest health benefits (e.g., water purification, forest foods) that fill the gap
caused by the lack of health services and infrastructure (e.g., water treatment plants, mar-
kets) prevalent in these communities or provided through forest conservation programs.
Examples of such health outcomes include prevalence of diarrheal diseases [40,41] and
nutritional status (e.g., height-for-age [29,31], anemia [47]). Much of the literature, how-
ever, uses proximate determinants of health as outcomes (e.g., calorie intake [26], diet
quality [36,42], ownership of bed nets [27], women’s time allocation [39], health clinic
visit [48], contraceptive use [52], and the use of medicinal plants [53]). There is a dearth of
research investigating how forests and means of access interact to affect psychological or
mental health outcomes in rural LMICs [13]. Perceived health conditions are also used as
outcomes [28,32].

4. Research Needs

In line with the scarcity of evidence about the effects of forests on human health in
LMICs [5], the evidence on the roles of means of access (property rights and capital) in
shaping these effects is thin [14,19]. In addition to generating more general evidence on the
effects of forests on human health in LMICs to raise awareness and motivate policies, there
is a need for more research producing actionable knowledge on factors that ensure that
forest health benefits are enhanced and accessed equitably by vulnerable communities. The
conceptual framework presented here can guide researchers and practitioners to identify
configurations of property rights, and natural, physical, human, social, and financial capital
that strengthen pathways to enhanced and equitable human health outcomes from forests.

The major challenge in establishing the causal relationship between a causal variable
and an outcome variable is the elimination of rival explanations of the observed pattern
between these two variables [77]. Many of the studies reviewed in this paper do not
adequately address rival explanations [14,19]. The observed patterns in much of the
existing evidence on the roles of means of access in shaping the health effects of forests
are therefore difficult to interpret. Approaches to address rival explanations include
experimental and rigorous quasi-experimental study designs [77]. Such study designs
are requisite to strengthen the evidence on the roles of means of access in shaping the
effects of forests on human health outcomes. These study designs seek to identify what
would have happened without intervention (i.e., the counterfactual). The impact of the
intervention is then the difference between observed outcomes exposed to the intervention
and counterfactual outcomes [77].

Significant advances have been made in strengthening the evidence on the impacts of
conflicts (e.g., civil wars, civil conflicts) on nutrition-related outcomes [78]. Contributing to
these advances is the ability of conflict–health scholars to apply rigorous quasi-experimental
study designs to publicly available large survey datasets, such as the Demographic and
Health Surveys (DHS) data administered by the U.S. Agency for International Develop-
ment (USAID) (e.g., [79–89]). There are few studies attempting to apply rigorous quasi-
experimental designs to the DHS data to examine the impacts of forest-related interventions
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on health-related outcomes [27,29,31,90]. Drawing from the conflict–health scholarship,
specifically how they use the DHS data to address the rival explanations of the observed
pattern between conflicts and nutritional outcomes, would be a way to strengthen the
evidence on the health impacts of forest-based interventions involving property rights
or capital.

In published studies, differences between mechanisms and moderators are often not
clear. They are conflated. For example, studies that use forest attributes, property rights,
and capital among the explanatory variables of regressions often interpret some of the
variables’ coefficients as mechanism (or mediating) effects and others as moderating effects.
Different empirical designs are, however, needed to examine the effects of mechanisms and
moderators [66]. To select appropriate empirical designs, data, and methods, researchers
must clearly distinguish between mechanisms and moderators [66]. The conceptual frame-
work presented here can help researchers to differentiate mechanisms from mediators and
how they interact to affect health outcomes.

To promote the application of forest-based interventions involving property rights or
capital as nature-based solutions in public health, more studies that look at actual health
outcomes are needed (e.g., prevalence of a disease). Proximate determinants of health
(e.g., diet quality, health clinic visits), which are preponderant outcomes in existing studies,
can indicate health outcomes. However, relationships between proximate determinants of
health and actual health outcomes can be affected by many factors. Effects on proximate
outcomes do not necessarily result in effects on human health outcomes. For example,
an improved child diet due to enhanced access to forest resources will not necessarily
result in improved linear growth (height-for-age). Other factors such as infectious disease
(e.g., diarrhea), water safety, sanitation, and hygiene also contribute to a child’s linear
growth [91]. We therefore need more research on actual human health outcomes.

Last, to advance a more holistic approach to human health in forest-dependent rural
communities in LMICs, further research on the effects of the interaction of forests and
means of access on mental health is needed. There generally is a lack of research on the
relationships between natural systems and mental health in the LMIC context [13,67]. For
example, a systematic review of studies on mental health and wellbeing outcomes of climate
change mitigation and adaptation strategies in LMICs only includes fifteen studies [92], of
which only one investigates the psychological health effects of a forest-related intervention
in a rural setting [93]. Research on the effects of urban forests and greenspaces on mental
health is catching up, particularly in upper-middle-income countries [12]. Research on
forest-dependent rural communities lags behind [13]. However, these communities do not
only depend on forests for their livelihood and health services (e.g., water purification,
forest foods, medicinal plants), but also attach personal, societal, historical, cultural, and
spiritual meanings to forests [94]. Accordingly, access to forest resources can affect the
mental health of forest-dependent rural communities in LMICs, particularly given that
changes in people’s immediate environment can cause psychological distress [95]. There is
therefore a need for further equitable research that not only promotes the understanding
of the mental health effects of forests in rural communities in LMICs, but also informs
policy and action regarding factors that enhance the mental health benefits of forests in
such communities.

5. Conclusions: Policy Implications

The paucity and weakness of existing evidence constrain attempts to draw general-
izable conclusions about the roles of means of access (property rights, capital) in shaping
the effects of forests on human health outcomes in the rural communities of LMICs. Pol-
icy recommendations are therefore difficult to formulate. However, policies, regulations,
legislation, and interventions aimed at improving access to forest health benefits need to
consider a wide range of interconnected factors including property rights, and natural,
physical, human, social, and financial capital. Efforts to address just one or a few of these
factors do not guarantee the enhancement of the effects of forests on health outcomes and
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could even result in tradeoffs and unintended consequences, including disproportionate
adverse impacts on the most vulnerable groups and unsustainable use of forest resources.
There is therefore a need to develop integrative and cross-sectoral approaches (combining,
for example, environment, public health, economics, education, culture, and law enforce-
ment) that not only enhance people’s ability to derive forest health benefits but also ensure
that these benefits are equitably distributed. Transdisciplinary approaches involving re-
search organizations, local communities, and local, regional, and national governments
will also develop a better understanding of how these different factors interact with forests
to affect human health outcomes and its translation into effective policy. The conceptual
framework provided can contribute to promoting such multisectoral and transdisciplinary
approaches by providing the understanding of how a wide range of interconnected factors
shape forest–health relationships.
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