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Abstract

Despite over a decade of progressive commitments from parties to the Conven-

tion on Biological Diversity (CBD), integrated biodiversity and health indicators and
monitoring mechanisms remain limited, hampering achievement of the sustainable
development goals and improvements in health and well-being. Adoption of the
Kunming-Montreal Global Biodiversity Framework (2022) and the Global Action Plan
on Biodiversity and Health (2024) provide a renewed entry point to shape the way
governments approach health and wellbeing and address the environmental bur-
den of disease. This is a critical opportunity that scholars at the health-environment
nexus should not miss. This Perspective outlines building blocks to mobilize the field,
starting with essential terminology and a scope of metrics needed by governments.
We then evaluate elements to be considered in the construction of integrated metrics,
including concepts, overarching challenges, a review of scientific hypotheses from an
ecological perspective, as well as a set of principles and characteristics for indicators.
To raise awareness across parallel communities of practice working at the health-
environment nexus, we then briefly examine four approaches to integrated met-

rics developed by: conservationists, Indigenous scholars, One Health experts, and
planetary health experts. We conclude with actionable steps to enhance governance,
mobilize funding, and apply integrated indicators in national and global strategies. A
broad science community is needed to support national governments to meet global
commitments to address biodiversity loss and the environmental burden of disease
concurrently. The overall aim of this paper is to contribute to addressing biodiversity
loss by effectively linking policy and transdisciplinary practice at the health-
environment nexus.
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Introduction

An integrated approach to sustain and improve both biodiversity and human health is
vital to sustainable development and well-being [1]. But national and multilateral com-
mitments on joint indicators and monitoring mechanisms for biodiversity and health
continue to stall. This limits policy progress and undermines conservation and public
health efforts. See Fig 1.

Explicit demand from national governments on what is needed to monitor, eval-
uate, and implement integrated governance on biodiversity and health exists. For
more than a decade in global decisions under the Convention on Biological Diversity
(CBD), nearly 200 countries have sequentially requested biodiversity and health i)
“progress measurement tools”, ii) “integrated science-based indicators”, iii) “inte-
grated metrics”, and iv) “toolkits” compiling these assessment tools [2—8]. See S1°
Table. While limited financial resources may partly explain why linked biodiversity-
health indicators have not advanced inside the CBD, indicators also failed to advance
significantly in wider science communities of practice or in international fora con-
cerned with biodiversity or human health science [9—12] and this is true for qualita-
tive, quantitative, and science-based measures. This gap exists despite extensive
literature on conceptual frameworks on the links between biodiversity and health
[12—37] and ongoing programmes of work on aspects of ecosystem and public health
worldwide across UN institutions and international and national organizations. The
divide between intergovernmental calls for information, made on consensus, and
the limited response in the scientific community is the gap we aim to address in this
paper.

In this context, greater capacity is needed to understand the barriers to advancing
the science and policy implementation of integrated metrics. This paper provides an
overview on the science of integrated metrics from ecological and health perspec-
tives and then reviews how leading holistic policy approaches seek to monitor the
governance of biodiversity and health. This paper is a transdisciplinary effort uniting
ecology, medicine, public health, and environmental governance expertise. A goal of
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Fig 1. Communicating the Relationship Between Biodiversity and Ecosystems and Human Health into National Governance The accelerating
magnitude and pace of global change drivers are leading to significant biodiversity decline. This decline reduces the capacity of ecosystems to
perform essential functions and to sustain critical ecosystem services that support human health. The absence of integrated metrics undermines our
ability to govern, monitor and evaluate implemented actions and interventions that sustain and promote both biodiversity and health. Metrics are needed
to inform national planning including national biodiversity strategies and action plans.

https://doi.org/10.1371/journal.pgph.0004624.9001
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this work is to, in turn, mobilize and strengthen coordinated action and investment across science, policy, and law com-
munities to improve integrated ecosystem and public health management. This paper is intended to build capacity for the
community of nexus scholars working to address integrated metrics. Important terms and conceptual building blocks for
integrating knowledge are in Box 1.

Developing shared metrics can facilitate the integration of health into biodiversity strategies and biodiversity into health
and other strategies concurrently. A structured method for quantifying, valuing, monitoring, and mitigating the impacts of
biodiversity loss on human health—ideally from local to national and global scales—will elevate biodiversity conservation
as a priority for government funding. Biodiversity conservation measures are more likely to gain traction with
decision-makers if they are conveyed as also impacting wider determinants of human health. While the lack of standard-
ized metrics slows progress, weak indicators hinder policy enforcement, funding, and monitoring, and environmental
management and protection [38].

Improving and applying integrated metrics on biodiversity and health ensures that environmental determinants of health
are recognized at the national level and that efforts are made to track the environmental burden of disease. Historically,
integrated indicators for biodiversity have fallen under the governance domain of multilateral environmental agreements,
as opposed to global health ones [39]. Several strategies are available where integrated metrics, once developed, could
immediately be applied at the global and national levels, including implementation of the CBD’s Kunming-Montreal Global
Biodiversity Framework and its Monitoring Framework. Governments are currently working to update their National Biodi-
versity Strategies and Action Plans (NBSAPs). Integrated metrics on biodiversity and health interlinkages can be embed-
ded in an NBSAP to shape and inform the way countries consider, address, invest in, and strategize approaches to the
environment-health nexus.

Box 1: Biodiversity and Health Terminology Explainer

Biodiversity is the foundation of ecosystem functioning and services and is measured by the diversity of genetic,
species and ecosystem diversity. Under the Convention on Biological Diversity, biological diversity, includes vari-
ability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems
and the ecological complexes of which they are part; this includes diversity within species, between species and of
ecosystems [40]. Therefore, the diversity between ecosystems and within ecosystems contribute to biological diversi-

ty.

Ecosystem integrity refers to a measure of ecosystem structure, function, and composition relative to the reference
state of these components being predominantly determined by the extant climatic—geophysical environment [41].

Ecosystem services refer to the benefits that humans receive from natural ecosystems. These services are essen-
tial for human survival and well-being [42].

Environmental determinants of health are all the non-medical, environmental factors that influence health out-
comes. They include the state and conditions of the natural environment where people are born, grow, work, live, and
age, as well as influences from natural or human induced environmental change such as soil degradation or ocean
acidification.

Human health is the state of complete physical, mental and social well-being and not merely the absence of disease
or infirmity, [43] while public health is the science and art of preventing disease, prolonging life, and promoting health
through the organised efforts of society [44].
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Integrated Science-Based Metrics are comprehensive measures that combine data and insights from multiple scien-
tific disciplines to assess complex issues holistically. These metrics integrate ecological, health, and socio-economic
data to provide a nuanced understanding of the interplay between systems such as biodiversity and human health.
Designed for policy relevance, they support informed decision-making by offering scalable, evidence-based insights
that reflect real-world conditions and trends. These metrics can quantify the role of nature as a determinant of health
and describe causal links between the state of biodiversity upon which natural systems and human health depend.

The One Health Approach is “an integrated, unifying approach that aims to sustainably balance and optimize the
health of humans, animals, plants and ecosystems. It recognizes the health of humans, domestic and wild animals,
plants and the wider environment (including ecosystems) are closely linked and interdependent. The approach mo-
bilizes multiple sectors, disciplines and communities at varying levels of society to work together to foster well-being
and tackle threats to health and ecosystems, while addressing the collective need for clean water, energy and air,
safe and nutritious food, taking action on climate change, and contributing to sustainable development” [28].

Planetary Health refers to the health of human civilisation and the state of the natural systems on which it depends
[16,45].

Scope for approaching integrated science-based indicators

Monitoring mechanisms are key to policy implementation, ensuring accountability, steering investment, and to effective evaluation
and policy improvements. Three tiers of metrics are generally employed in intergovernmental decisions and embedded commit-
ments. First, qualitative progress measures that provide information on the recognition or application of a concept in planning,
strategy, or budgeting. This could be reported subjectively based on written observation of attitudes, willingness, or demand; or it
could be reported numerically, e.g., the number of municipalities that recognize the human right to a clean, healthy, and sustain-
able environment. Second, quantitative measures, such as the calculation of the proportion of households with access to potable
water during a prolonged drought. Third, there are integrated science-based metrics that estimate a finding based on combining
several variables, such as environmental burden of disease, which is based on comparative risk assessment of a range of envi-
ronmental factors and expressed in terms of attributable deaths or disability-adjusted life years (DALYSs) [46].

In national policy settings, it is useful to have all three types of metrics to gauge progress and trends in different ways
and timescales, and at different phases of implementation. Often, countries who are the least resource equipped finan-
cially, technically, and technologically, or who are dealing with conflict or crisis, may only be able to report on qualitative
progress measurement. A tiered approach to metrics enables all countries to participate flexibly, and for some countries
to report comprehensively. While all three types of metrics are needed and requested by governments on biodiversity and
health, integrated science-based metrics most closely link ecosystem management to public health and are where greater
attention is needed. This section discusses science-based metrics in four ways: conceptual foundations, overarching chal-
lenges, scientific hypotheses, and principles and characteristics.

Integrated metrics: Conceptual foundations

Integrated biodiversity and health metrics cannot advance without a rethinking of the conceptual and disciplinary
frameworks that have historically kept these fields apart. Despite recent progress to link public health and the state of
biodiversity [23], public health research and biodiversity science have evolved as distinct fields, each with its own set of
methodologies, priorities, and terminologies. Public health has primarily focused on understanding and managing human
health and diseases (i.e., negative impacts), emphasizing medical, social, and behavioral determinants. Conversely,
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biodiversity science has concentrated on the study of ecosystems, species, and genetic diversity, aiming to preserve and
understand the diversity of life on Earth [47].

In a legal analysis of the Sustainable Development Goals (SDGs), Lajaunie and Morand (2021) concluded: “Biodiver-
sity and ecosystem functioning are kept at the margin of health issues and not acknowledged as an integral part of the
reflection on the improvement of health worldwide” [48]. Gittleman (2024) came to a similar conclusion in his environ-
mental analysis of One Health and planetary health in which he proposed “retraining the current 10 million to 15 million
medical practitioners worldwide to recognize ecological patterns associated with medical problems” [49].

This disciplinary separation contributes to a persistent neglect of the interconnectedness between biodiversity and
human health [50]. As a result, opportunities for collaborative research, integrated data collection and analysis are undevel-
oped. Bridging these silos requires a concerted effort to develop interdisciplinary frameworks that recognize the interdepen-
dencies between human health and biodiversity and institutional structures that support this work. This may include creating
shared platforms for data exchange, fostering cross-disciplinary training programs, and encouraging joint initiatives that
bring together public health experts, ecologists, and policymakers, such as the U.S. National Academies of Science, Engi-
neering, and Medicine workshop on Integrating Public and Ecosystem Health Systems to Foster Resilience in 2022 [51].

Beyond disciplinary divides, conceptual gaps also remain. Uptake of culturally-sensitive planetary and ecosystem-
based perspectives is also important to resolving conceptual dissonance [50]. Indigenous knowledge systems offer rela-
tional understandings of health and nature that challenge dominant scientific frameworks and point to alternative ways of
measuring interconnection. Therefore, metrics that align with Indigenous perspectives are needed to effectively measure
and understand health and well-being.

Biodiversity and health interlinkages are clearly an element to ecological and social resilience and this idea should or
could also be considered in the development of metrics. In the last decade, the downward trend of biodiversity loss has
accelerated to nearly 2 percent decline per year across terrestrial and marine ecosystems, and 4 percent per year in
freshwater ecosystems [38,52,]. The planetary boundaries for genetic and functional biosphere integrity have been trans-
gressed [53]. And biodiversity loss, ecosystem collapse, and natural resource shortage top the outlook of the 2024 global
risk insights report of the World Economic Forum [54].

Integrated metrics: Common challenges for indicators and their application

Developing indicators and metrics based on scientific evidence for the biodiversity-health nexus is a daunting task.
Environmental experts flag some key gaps. Niemeijer and de Groot (2008) described the general development and
selection process of environmental indicators as not sufficiently systematic nor transparent [55]. The Intergovernmental
Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES) (2019) recognized the lack of ecological met-
rics that can translate health risks or health gains [19]. Experts on planetary boundaries highlight difficulties in identifying
adequate control variables as well as the need for several control variables to monitor specific natural systems [56]. GEO
BON points out several challenges of indicator development for ecosystem services, including that they are highly
context-specific to ecosystems, cultures and socio-ecological systems, hard to aggregated across scales, and require par-
ticipatory approaches to select priority variables for policymaking [57]. Crucially, GEO BON emphasizes the complexity of
choosing a single variable to measure each aspect of an ecosystem service that may have multiple values depending on
perspective [57]. Planetary health scholars highlight barriers related to difference in methodologies and priorities for differ-
ent elements of biodiversity [58]. Reis et al (2015) lament how tools developed to address proximal environmental health
issues are limited in scale and temporal scope when faced with planetary boundaries and planetary health risks [37].
Scholars from related fields identify common challenges that are relevant to the development of biodiversity and health indicators.
Climate and health literature demonstrates the difficulty in scaling down monitoring on climate-sensitive morbidity and mortality from
global to national or local contexts, largely due to data scarcity [59]. Even in data rich countries, feasible climate-health data may be
lacking or there may be additional data processing required [60,61]. Efforts among transdisciplinary scholars to bring human health
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into ecological frameworks or ecological indicators into public health frameworks underline how correlation between health improve-
ment and an environmental aspect is not always followed by positive or significant evidence or behavior change [62,63]. A range of
literature on One Health portrays challenges to assessing science-policy coordination for indicators, including collaborating between
a wide diversity of stakeholders (e.g., political fragmentation, trust, time consuming effort, competition) [64], ensuring indicators
reflect balanced representation of different sectors [65], and the overall paucity of evaluation methodology on One Health effec-
tiveness. [64,66]. There is also disproportionate research attention on biomedical versus ecological aspects of spillover, but where
done there is also an inherent difficulty with time delays between a triggering event and evidence of human health outcome [66,67].
Finally, there is uncertainty that positive outcome data (i.e., a higher indices) is actually correlated to a healthier environment [65].

Below, we use an ecological perspective to outline some of the key scientific and policy challenges that continue to
hinder progress to link biodiversity and health through metrics, grouped by common themes:

A) Conceptual and Epistemological Barriers

socio-ecological connections are complex and multidimensional [68];
disciplines are divided into and communicate within separate silos (health science versus biodiversity science);

across these two communities there is generally limited knowledge on the governance history, theoretical founda-
tions, and empirical evidence of the biodiversity-health nexus;

Indigenous metrics are not available or included in nature-health approaches;

B) Scientific and Methodological Challenges

it is difficult to quantify biodiversity with one single ecological indicator capturing all the dimensions of biodiversity
[14], and therefore comprehensively account for ecosystem integrity

a substantial number (over 570) of biodiversity metrics exist and agreement on how to practically utilize these met-
rics, even for conservation purposes, has not been reached [69];

what kind and how much of biodiversity loss will reduce ecological resilience may vary across systems and regions
of the world [70];

it is difficult to quantify all health outcomes, especially chronic and cumulative diseases, and also the spectrum of
mental, emotional, spiritual and developmental aspects (such as inspiration and learning), or the diverse values of
nature for human wellbeing [25,26,71];

the importance of a holistic connection between biodiversity and ecosystem function is often left out of market-based
biodiversity valuation [26,72—-74]; ‘nature’s contributions to people’ which is a concept that parcels out 18 contributions
[19] and elements of natural capital, commoditize isolated benefits without attributing them to ecosystem integrity;

C) Data, Infrastructure, and Capacity Issues

national health data may be limited to reportable diseases, which typically leave out non-communicable and chronic
diseases like inflammatory disorders, renal, endocrine, neurological, or mental health disease, and focus largely on
communicable water-, food-, or vector-borne and transmissible disease;

data may be unavailable, unreliable, and require processing, or may be limited by patient confidentiality [58];

assessment of the relationship between health and nature includes the potential, character, and quality of positive
and negative exposure as well as its duration, which cannot always be estimated and are not measures well adapted
to perform in study settings;
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» decision makers need simple metrics which may lead to challenges balancing scientific rigor and policy applicability
in metric choice;

» funders may be interested in only one aspect of health or one element of biodiversity, yielding tools that zoom in on
biodiversity, rather than explaining or advancing a holistic perspective of the value of ecosystems and ecosystem
functions and services;

D) Institutional, Political and Educational Barriers

+ territorialism and siloed mandates in policy domains leads to avoidance of responsibility when it comes to integrated
concepts and capacity building, such as biodiversity and health;

+ itis not feasible to have a global apex target for biodiversity such as there is for climate change goals (i.e., CO2
emission target or temperature target);

« national governments have not adopted a clear mandate for integrated biodiversity-health indicators;

* noncommunicable disease is substantially proportionally higher at national and global levels but policy investment
tends to focus on communicable disease [75,76];

« the communicable disease field places greater attention on vector-borne (e.g., mosquitos and zoonoses) rather than
non-vector borne infectious disease (e.g., pathogens carried by floods) while both can be linked to biodiversity and
ecosystem management [77].

Recognizing, and where possible, addressing these challenges is essential to develop metrics that are not only scientif-
ically sound but feasible across policy contexts. Without targeted efforts to overcome these barriers, integrated biodiver-
sity—health metrics will remain conceptually important but practically out of reach.

Integrated metrics: Scientific basis

Effective biodiversity-health metrics must be theoretically grounded and capture biodiversity at multiple levels. This section evaluates
ecological theories that can be considered in the development of integrated science-based indicators on biodiversity and health.
Several existing hypotheses highlight the positive role of biodiversity on human health at the local scale; the Insur-
ance Hypothesis [78] suggests that biodiversity supports the resilience of ecosystems, helping with the provision of
essential ecosystem services that directly affect human health; the Biodiversity Hypothesis [79] proposes that being
exposed to a diversity of microorganisms, particularly during childhood, is suggested to improve immune function; the
Dilution Effect Hypothesis [80—82] proposes that higher levels of biodiversity can reduce the transmission of infectious
diseases by reducing the densities of vectors and hosts. In contrast, the Harm Hypothesis [23], predicts that biodi-
versity can have negative impacts on human health. For example, regions with elevated levels of biodiversity may
host a larger number of animal vectors transmitting diseases, including for example Ebola, dengue, leishmaniosis or
Lyme disease among others, although often, relationships between biodiversity measures and disease prevalence are
context-dependent [83,84]. The Buffering Hypothesis describes the features and interactions in the natural world that
physically buffer adverse effects to humans—for instance, the health benefits ecosystems provide by mitigating air
or water pollution or urban heat [12]. The Developmental Origins of Disease Hypothesis suggests that environmental
exposures, especially during early development, can interact with genetic factors and influence long-term health out-
comes, implying that a degraded ecosystem can be health-determining across the life course [85]. However, all those
hypotheses we have described are mainly supported by correlational evidence. Experimental based approaches,
longitudinal studies and underlying mechanisms that link biodiversity to health are needed to explore their support and
applicability.
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Together, these hypotheses illustrate why the development of biodiversity—health indicators must begin with a clear the-
oretical foundation, ensuring that metrics are grounded in the mechanisms that effectively shape health outcomes across
ecological context and national circumstances.

Integrated metrics: Principles, characteristics, and policy relevance

Metrics should be fit for purpose. This section outlines principles to guide the development or selection of integrated biodi-
versity—health metrics. Clarifying these characteristics can help researchers, practitioners, and governments make better
choices in monitoring the biodiversity—health nexus, designing more effective interventions, and supporting implementa-
tion in diverse policy contexts and NBSAPs.

Core principles for biodiversity—health metrics:

» Theoretically grounded: Metrics should be based on ecological and health hypotheses with empirical support (e.g.,
Insurance, Dilution, Biodiversity, Buffering, or Harm Hypotheses etc).

» Reflect multiple levels of biodiversity: They should capture biodiversity at genetic, species, community, and ecosystem
levels—not only species richness.

* Link biodiversity to health outcomes, ideally through evidenced exposure-response models: To indicate how changes
in biodiversity affect risks or benefits to human health (e.g., chemical exposure, microbial exposure, vector abundance,
pollination, food security, etc) expressed in health measures (e.g., disability-adjusted life years (DALY's), quality-adjusted
life year (QALYSs), or years of life lost (YLLS)).

 Policy relevant: To inform decision-makers by correlating with real-world health risks or benefits (e.g., waterborne dis-
ease risk, nutritional impacts of pollinator loss).

» Scalable and context-sensitive: Metrics should be usable across different spatial scales (local to global) and adaptable
to national or regional contexts.

» Consistent, repeatable, and comparable: They must provide reliable results across time and geography, enabling long-
term monitoring and cross-country comparisons.

« Aligned with existing frameworks: Where possible, metrics should build on or align with global indicator frameworks
(e.g., IPBES, Essential Biodiversity Variables, SDGs, WHO Global Health Observatory) to reduce duplication and facili-
tate uptake.

» Feasible and actionable: Metrics should be practical for use in resource-limited settings and clearly guide policy or man-
agement decisions.

Analyzing holistic approaches to monitoring biodiversity and health integration in policy and implementation

Several communities supporting interconnection between society and the environment are working from distinct perspec-
tives on the nature-health nexus and this is apparent in the difference in metrics they use. Here we describe science-
policy metrics by conservationists, Indigenous scholars, One Health leaders, and by planetary health experts as a way to
enhance awareness of parallel efforts within and between communities. Convergence and collaboration of technical work
on integrated metrics across these communities will strengthen the field. On the other hand, continued separation of these
communities or competition between them negatively influences the development of the field, limiting cohesive risk and
cost management that governments need to optimize public health. See Fig 2.

We frame the approaches of these four communities by grey literature of the United Nations (UN). UN grey literature
is a gateway to recognition in international environmental law and therefore reflects science-policy authority. The material
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Fig 2. Challenges and Solutions for Biodiversity and Health Policy Integration.

https://doi.org/10.1371/journal.pgph.0004624.9002

used is not exhaustive but is indicative of the current narratives existing in multilateral dialogues across environment and
health forums. Each section includes light analysis of opportunities and gaps of each approach to contribute to biodiversity
and health indicators under the CBD.

Global biodiversity governance indicators

This section analyzes the evolution of integrated biodiversity-health indicators under the CBD. To our knowledge, there is
no previous analysis of this type in biodiversity or health literature. This information provides an important foundation for
advancing future work on health under the CBD. In February 2025 the CBD Secretariat put out a call for input on inte-
grated health indicators underscoring the need for a baseline for collaboration [86].

The biodiversity governance community centers on the CBD, a global forum, and the implementation of NBSAPs, both
of whose agendas are steered by 196 government parties. Stakeholders to the CBD traditionally include conservationists,
environmental managers, protected areas and species specialists, and a range of natural scientists, such as ecologists,
marine biologists, soil conservationists, and many others. The conservation community has long identified connections
to health, however, the development and evolution of health indicators under the CBD has been limited. It has also been
historically overlooked by the public and global health communities, including by One Health and planetary health experts.

While health elements were included in many biodiversity decisions since the CBD entered into force in 1994 [39],
intergovernmental agreement to develop biodiversity and health indicators was first reached in 2012 [2,87]. This was in
association with implementation of the 2010 Aichi Biodiversity Targets, which was the first global blueprint to address and
mitigate biodiversity loss worldwide [87]. The “flexible framework” adopted as guidance for the implementation of the Aichi

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004624  July 1, 2025 9/22



https://doi.org/10.1371/journal.pgph.0004624.g002

! Global Public
PLO}' Health

Targets steered governments to develop their own national biodiversity targets [88]. But it also resulted in an orientation of
national commitments on biodiversity that was variable worldwide [89]. Follow-up analyses in 2018 and 2019 showed that
the health component of NBSAPs was weakly represented [89-92]. Lamentably, while one ambition of the 11th confer-
ence of the parties to the CBD (COP 11) in 2012 was to stimulate collaboration on integrated health work with a range of
institutions [2], dialogue on health-related indicators continued without committed action through subsequent CBD COPs
for over a decade [2—6,8]. See S1 Table.

The second global blueprint to address biodiversity loss, the Kunming-Montreal Global Biodiversity Framework
(GBF) was adopted in 2022, stipulating that health should be mainstreamed across all its goals and targets [1].
This means health does not have a stand-alone goal, target, nor therefore its own monitoring process [90,93].
Nevertheless, intergovernmental negotiations achieved a few health-related qualitative and quantitative indi-
cators within the GBF Monitoring Framework, among dozens of compulsory headline and voluntary supporting
indicators [93-95].

Table 1 shows the evolution of health and health-related indicators under the CBD between 2010 and 2024. CBD
health indicators in 2012 centered on five elements for medicine (species), water (freshwater ecosystem state and
calculation of drinking water), and food (species consumed and utilized for pollination, and calories obtained) [87]. The
2025 GBF Monitoring Framework includes a mix of ten health-related elements (three compulsory and seven volun-
tary) on: nature’s contributions to people (including health-related ecosystem services); food (proportion of fishstocks

Table 1. Evolution of health indicators under the Convention on Biological Diversity 2010-2024: Aichi Biodiversity Targets to the Global Biodi-
versity Framework.

National Indicators

AICHI BIODIVERSITY TARGETS [87]
(2010)

KUNMING-MONTREAL GLOBAL BIODIVERSITY FRAMEWORK [1]
(2022)

FLExiBLE GuiDANCE FOR NBSAPs [88]

ApoprTED MONITORING FRAMEWORK FOR UPDATING NBSAPs [93]

Trends in extinction risk
and populations of spe-
cies that provide essential
services

species used for
food and medicine,
pollination

COMPULSORY

direct health-related indicators

* number of countries monitoring the maintenance and enhancement
of nature’s contributions to people

» proportion of fish stocks at sustainable levels

» pesticide environment concentration/ aggregated total applied
toxicity

Trends in benefits from
ecosystem services

Wellbeing indicator
for the environment
% of water bodies
with good ambient
water quality

Trends in the degree to
which ecosystem services
provide for the needs of
women, Indigenous and
local communities, and
the poor and vulnerable

inadequate access to food —

average dietary energy supply| *

adequacy

% of population using safely
managed drinking water
services

VOLUNTARY

direct health-related indicators

+ proportion of bodies of water with good ambient water quality and

» levels of water stress and safely managed drinking water and asso-
ciated mortality rate

* human-wildlife conflict

» annual levels of particulate air pollution

deaths due to disasters

indirect health-related indicators

* number of plant and animal genetic resources for food and agricul-
ture secured in conservation facilities

 pollinating species availability

Source: authors. Bold categories are as listed in the CBD documents. “Health-related” measures were identified by the authors from the Monitoring
Framework as those directly relating to health ecosystem services, to food or water availability, or to mortality and morbidity. These measures were not
identified as “health-related” in the Monitoring Framework. The indicators listed in the right-hand column as ‘“indirect” (genetic resources for food and ag-
riculture, pollinators) underpin food supply and therefore human health; however an additional calculation is required to translate these ecosystem-level
indicators into food system impact and then into the number of people affected and/or health outcome and therefore is determined by the authors to be

an “indirect” measure.

https://doi.org/10.1371/journal.pgph.0004624.t001
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sustainable, number of plant and animal genetic resources for food and agriculture conserved, availability of pollinator
species); water (proportion of water bodies with good water quality, water stress, and water safety and associated mor-
tality); human-wildlife conflict; pollution (pesticide concentration/aggregate toxicity, particulate air pollution); and disaster
mortality [93].

While the GBF tracks more health-related items than those associated with the Aichi Targets, there does not
seem to be continuity on health between the two blueprints. The metrics in the GBF Monitoring Framework also fall
short of formally recognizing public health domains, environmental determinants of health, or environmental bur-
den of disease. They do not comprehensively reflect the literature base on biodiversity and health and key science
resources available during the development of the GBF Monitoring Framework. For instance, these resources
include the World Health Organization (WHOQO) and CBD state of knowledge review commissioned by CBD parties
[3,17]; material from IPBES’ Global Assessment including a dedicated chapter on nature’s contributions to people
[19,96]; the IPBES Assessment of Diverse Values and Valuation of Nature [26,74]; the scope of health consider-
ations in the definition of nature’s contributions to people [94]; or the many published conceptual frameworks on
environment and health [12-37].

The adoption of the CBD Global Action Plan on Biodiversity and Health in 2024 provides a new opportunity to reinforce
comprehensive tracking on biodiversity and health interlinkages [38,97]. The Plan was anticipated to be negotiated prior
to the adoption of the GBF, but largely due to the COVID-19 pandemic was postponed until afterwards. While adoption of
the Plan prior to the GBF might have led to a stronger health positioning in the GBF now the independence of the Plan
creates a parallel opportunity to align and deepen country efforts to scope and integrate health into NBSAPs.

Ongoing development of supporting indicators under the GBF Monitoring Framework and new work to identify indi-
cators to track the Global Action Plan on Biodiversity and Health should be cohesive and focus on filling substantive
gaps. New information, such as the unnegotiated CBD Secretariat “Monitoring Elements” (See Annex Il) [7] and the
IPBES Thematic Assessment Report on Interlinkages Among Biodiversity, Water, Food, and Health and on Trans-
formative Change [71,98], should also be considered. Going forward, indicators will be used in the development of
updated NBSAPs, in national reporting on the indicators to the CBD, and the CBD’s global review of indicator report-
ing [99,100]. Institutional knowledge and synchronicity of policy processes across the CBD and IPBES will continue
to be important.

Progress tools of Indigenous Peoples

Although traditional public health scholarship overlooks interconnectedness, a growing body of Indigenous scholarship
puts a spotlight on it. Metrics relating Indigenous human health and values to the environment have been introduced
under the UN Permanent Forum on Indigenous Issues (UNPFII) [30,101].

Various frameworks from Indigenous scholars point to potential qualitative measures for progress on Indigenous
determinants of planetary health [25] and Indigenous determinants of health [30]. The “Implementation Tool on Indigenous
Determinants of Health”, a set of qualitative, institutional and governance indicators, was recognized under the
Indigenous advisory body to the UN Economic and Social Council [101]. It contains quantifiable social elements but not
science-based metrics. See Box 2 which aggregates several recommendations on Indigenous and traditional knowledge
and knowledge holders related to the health-environment nexus.

Interconnection between health, environment, and wellbeing is inherent to Indigenous worldviews, worldwide
[25,102—-104] but Indigenous science-based metrics are underdeveloped. The challenge is intrinsic. While reciprocity is
one way the relationship between humans and nature is defined by Indigenous knowledge holders, metrics are unable to
describe this interconnection, as intrinsic value, and “oneness” is unquantifiable; attempts at its measurement may even
undermine its understanding. This is an area of scholarship needing greater attention and broader application in multilat-
eral agreements on health and environment.
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Box 2: Measuring Interconnection and ‘Oneness’: Recommendations on incorporating
Indigenous perspectives on the health-environment nexus into policies, plans, and
strategies [101,105-107]

recognize human interconnectedness with Nature (i.e., human health
is completely and utterly dependent on a healthy planet);

recognize Indigenous Natural Law (i.e., “a comprehensive ethical
framework that defines the codes of conduct necessary for maintain-
ing a peaceful, thriving, and co-operative society grounded in love
and reciprocity”);

incorporate values on nature and culture into evaluation plans to
develop effective, culturally relevant health programmes;

incorporate Indigenous-specific health and wellness measures and
indicators, which include interconnection with the environment, in
data-collection and tracking;

include spirituality, culture and language in health research;
recognize and acknowledge the interconnectedness of mental, physi-
cal, spiritual, and environmental factors;

acknowledge that holistic health factors affect multiple generations
(i.e., consideration of intergenerational impacts);

recognize the role of Indigenous elders and children in the intergener-
ational transmission of traditional ecological knowledges;

consider the health of Indigenous Peoples as a proxy for environ-
mental stewardship, given their role in stewarding biodiversity and
the remaining old-growth forests;

track trends in land-use change and land tenure in the traditional
territories of Indigenous and local communities [78];

recognize and support Indigenous languages, “the blueprint of tradi-
tional ecological knowledges” [101]; utilize language trends (diversity
and numbers) as an indicator for traditional knowledge and as a
proxy for biodiversity loss [105,106];

track trends in the degree to which traditional knowledge and prac-
tices are respected through their full integration, safeguards and the
full and effective participation of Indigenous and local communities
in national implementation [107], including trends in the practice of
traditional occupations;

respect the feminine (i.e., women and other female identifying
genders as key knowledge holders with respect to ecology and tradi-
tional medicine).

Na

tional One Health indicators

One Health has received significant investment over the last two decades since the origin of the concept, followed by
heightened attention in recent years due to the COVID-19 pandemic and the expansion of the definition to consider the
environment in 2022. While numerous studies evaluate aspects of One Health, holistic evaluation methods and indica-
tors that encompass the “interconnection” of global health and environmental challenges remain less developed. For
instance, in a review of more than 1800 papers Baum et al (2017) found that standardized approaches to evaluating
One Health were lacking [108]. Pandemic prevention and reducing risks of emerging infectious disease remain a focus
of One Health assessment. This is seen in cost-benefit analysis [109] as well as in explanations of the underlying One
Health rationale for public health tools, even those that incorporate a range of environmental factors, such as the Global

On

1.
2.

e Health Index [110].

Recently, new metrics and implementation tools for One Health were put forth by an independent UN advisory group,
the One Health High-Level Panel of Experts (OHHLEP). OHHLEP advises the cohort of agencies who together address
the health-environment nexus as the Quadripartite (WHO, UN Environment Programme, Food and Agriculture Organiza-
tion of the UN, World Organization for Animal Health) and is unassociated to a specific forum or multilateral agreement.
In 2023 the Panel released a guidance document on implementing the One Health approach at the national level [111],
which includes a template for a national One Health workplan [112]. The guidance document and template recognize
three key indicator areas in the OHHLEP theory of change [28,111,112]:

qualitative indicators describing the state and development of policy architecture to support One Health;

establishment or enhancement of national-level integrated One Health information and early warning systems on dis-

eases, antimicrobial resistance, and other health threats;

. quantitative tracking at the national level for disease (incidence, emergence, prevalence and spread); wildlife and

environment monitoring; drivers of health threats (e.g., biodiversity loss, soil and water degradation, water scar-
city, land use change and habitat conversion, pollution and climate change); data on food production (systems,
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trade); and social factors (migration, knowledge, attitudes, practices, political and socioeconomic determinants of
health).

OHHLEP promotes robust development of qualitative progress measurement indicators for national One Health policy
architecture but does not prescribe or advocate specific integrated science-based indicators. See Table 2 for a condensed
view of the OHHLEP indicators.

The One Health Joint Plan of Action 2022—-2026 [28] points to aligning indicators with any existing monitoring and
evaluation frameworks as well as with indicators for the SDGs. This is critical for resource limited settings. An ongoing
limitation of OHHLEP’s advisory is the predominant focus on communicable disease links to ecosystems rather than
noncommunicable disease links, and also the incremental progress on its sole workstream on the environment. There is a
conceptual difficulty with the definition of One Health (“interconnection between the health of humans, animals, plants and
the environment”) and the implementation plan to “integrate the environment into One Health”, inferring the environment is
not central, as defined. Lamentably, funding consistently backs the inclusion of environment merely as a risk factor for the
other five priority areas related to infectious disease and this further limits the application of One Health as an “intercon-
nection” approach. Ultimately, this also means One Health predominantly focuses on health as opposed to environment
or environmental change and planetary crises [49]. It will be difficult for integrated ecosystem-health indicators under
OHHLEP to encompass the realities of environmental burden of disease and diverse values of biodiversity until its scope
includes a stronger consideration and balance of natural ecosystems and environmental drivers. This needs greater
attention.

Table 2. Framing for indicator development under the OHHLEP template for a national one health workplan [28,111,112].
OHHLEP Joint PLAN oF AcTioN

Tracks Enhancing One | Reducing the risks from | Controlling and eliminat- | Strengthening the Curbing the Integrating
Health capacities | emerging and re- ing endemic zoonotic, assessment, manage- silent pandemic | the environ-
to strengthen emerging zoonotic epi- | neglected tropical and ment and communica- | of antimicrobial A ment into
health systems demics and pandemics | vector- borne diseases | tion of food safety risks | resistance One Health

Theme Qualitative Indicators Suggested by OHHLEP for Each Action Track at the National Level

governance + guidance and tools for establishing multisectoral One Health coordination mechanisms for collaborative governance

policies & « science—policy interfaces to ensure that scientific evidence is translated into policies and legal frameworks

legislation « gap analyses of policies, legislation, financial resources and operations relevant for each sector
* participate in standard-setting related to One Health

financing « financial needs to address research gaps and priorities, develop a research agenda, and build One Health capacity

advocacy » awareness raised among key stakeholders about risks and benefits of the One Health approach

organizational
& institutional
development

* leverage, use and results of existing capacity evaluation tools and roadmaps

implementa- |+ coordinate One Health efforts at global, regional and national level

tion

sectoral « link and integrate One Health sectors, tools, existing national action plans, and existing technical programmes

integration

data & + standard operating procedures, operational tools and resources for harmonized One Health research and data collection

evidence

information « standard operating procedures, operational tools and resources to conduct and strengthen targeted One Health integrated multisec-
systems toral surveillance and mapping

knowledge « effective communication structures and information and data-sharing systems

exchange

*Source: [112]; The information from the source was adapted and truncated for the focus of this article

https://doi.org/10.1371/journal.pgph.0004624.t002
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Planetary health measurement tools

The dialogue on planetary health and the need for the human-environment nexus to become a focus in sustainable devel-
opment in the UN System is gaining increasing attention [113]. But policy tools for planetary health are not as developed
as integrated metrics for biodiversity, Indigenous Peoples, or for One Health and have not yet been formally introduced

or proposed within global environmental governance or global health monitoring bodies. At the same time, the Intergov-
ernmental Panel on Climate Change (IPCC) has defined and recognized the planetary health term meaning governments
have agreed to its concept and could seek to build indicators accordingly [45,114].

A transdisciplinary workshop held in 2019 convened 59 experts to assess the state of knowledge and development of
the ‘Planetary Heath Watch’ concept and integrated monitoring of the “health effects of, and responses to, global environ-
mental changes” [58]. More than 150 monitoring initiatives were reviewed ahead of the workshop but little integration of
data between environmental change and human health exposures or outcomes was found and no explicit indicators to
link biodiversity change and human health were identified.

Planetary Health Rapid Impact Assessments (PHRIA) are one tool that could facilitate government understanding of
interventions that might contribute to healthy ecosystems, based on elements of both health and natural systems. The
PHRIA are two coupled tools using a planetary health framework comprised of three natural planetary boundaries, three
determinants of human wellbeing, and both the power and governance of implementation [115]. The first tool generally
informs governments whether an action is degenerative or regenerative to public health and planetary health. The second
tool describes the probability and magnitude of potential impact of a policy intervention. Brousselle et al. [115] argue that
the utilization of both tools together can be used to create a “Planetary Health Index” for policy actions. While the tools
do not include all planetary boundaries [116], nor all dimensions of health determinants, they are flexible and may allow a
government to prioritize a few key elements or indicators of public health, ecosystem management, and planetary health.
They may also be comparative, to consider tradeoffs.

An increasingly common metric tool utilized by planetary health scholars and the WHO at global and regional scales
is the environmental burden of disease. This metric captures the planetary health “state of natural systems” upon which
human health depends. An initial calculation published by WHO found the contribution of environmental degradation to the
global burden of disease to be approximately 25 percent, with an increase to 28 percent when only children were consid-
ered [117]. Burden of disease has been reported by UN regional offices ranging from 13 to 28 per cent [118].

These calculations are generally understood to be underestimates, limited by: the availability of data (for example, on chem-
ical exposures); unaccounted for health conditions (such as sub-lethal neurological or endocrine disease); poorly understood
pathophysiology of cumulative negative exposures to environmental degradation of similar or varied types; and the scope of
environmental factors included in the calculation. Fleming et al. (eds) (2023) describe the Global Burden of Disease study as an
influential, worldwide, accessible resource and that its “coverage of environmental risks is still relatively sparse” [31].

A national assessment of environmental burden of disease was first proposed as a progress measure for the CBD’s
Global Action Plan on Biodiversity and Health in its initial round of negotiations in 2022 and again offered to negotiators for
consideration in 2024 [118,119]. Including this metric in NBSAPs would mandate collaboration of environment and health
experts and government offices in a new way. It has promising inroads across policy arenas. The metric has traction
within the marine science community where it is used to assess the role of the seas, coasts, and ocean as a determinant
of health [31]. The metric is also already advancing under the UN Framework Convention on Climate Change (UNFCCC)
where parties planted the climate burden of disease as a fundamental aspect of the Global Goal on Adaptation [120]. One
2030 target of the Goal stipulates parties to significantly reduce climate-related morbidity and mortality, particularly in the
most vulnerable communities [120]. The Global Framework for Chemicals also leans on the environmental burden of dis-
ease (“attributable to chemicals and waste”) as a headline indicator, though underlying, supporting indicators and targets
have not yet been identified [121]. The Sendai Framework for Disaster Risk Reduction also uses a mortality metric related
to natural hazards [122].
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Much more investment is needed to make planetary health assessments and environmental burden of disease calcu-
lations complete. Moreover, planetary health advocacy is limited in intergovernmental dialogues and negotiations where it
potentially could be incorporated into multilateral decisions.

Looking ahead

At the global level, nearly 200 governments have called for integrated policy and implementation on biodiversity and
health for more than a decade. This work has been unable to move forward without development and commitment to indi-
cators and this gap is an oversight.

Regardless of whether intergovernmental bodies commit to an integrated package of indicators, metrics, and progress
measurement tools on ecosystems and public health (such as under the CBD), national government officials will continue
to make decisions on the environment, many of which will be health determining. Equipping a government on whether and
how to choose environmental impacts, some of which can and will be irreversible, while keeping in mind the health and
wellbeing of their populations, is important. These metrics can also inform governments of vulnerability, risks, and threats
to their populations from increasing ecological changes. Moreover, they can inform all stakeholders on pathways to opti-
mize the well-being, growth, and development of children and youth.

Various scholars identify priority areas at the nature-health nexus that could inform indicator development. Nishi, Subra-
manian, and Gupta (2022) suggest that focusing on locally-integrated solutions is a way to best reflect the dynamic inter-
dependencies of ecosystem components and human uses across spatial scales and sectors [68]. This may also maximise
synergies and minimize tradeoffs for the multidimensional aspects of human well-being [68]. Alternatively, Lajaunie and
Morand (2021) suggest framing solutions around planetary limits and environmental disparities and justice [48]. Gittleman
(2024) considers the need to center on overlapping hotspot issues by unifying global surveillance and database devel-
opment [49]. Eberle et al. (2025) orient around human assumptions and social structures and the inner and outer levers
needed for deep durable change in both [123].

We propose a few near-term priorities to effectively address the science-policy challenges ahead and maximize oppor-
tunities to enhance interdisciplinary dialogue and integrated governance at any scale:

« Calls for integrated biodiversity and health metrics from nearly 200 governments under the CBD for more than a decade
need to be taken seriously. Metrics are needed for monitoring the Global Action Plan on Biodiversity and Health and for
tracking and reporting on the Kunming-Montreal Global Biodiversity Framework. Allowing NBSAPs to finalize without
consideration of biodiversity-health indicators, or comprehensive ones, is a missed opportunity that will impact global,
regional, and national approaches to planning, investment, and stewardship of nature for more than a decade. Inter-
sessional preparations of the CBD is a critical time for informing governments, the CBD Secretariat, and the negotiating
process itself on comprehensive indicators, metrics, tools, and scientific developments.

» Funding and increased investment is needed from donors, governments, and the private sector to develop and share
best practices on integrated ecosystem and health monitoring elements. Support is needed to build capacity among
social and natural scientists to effectively work together and to create, update, and report on integrated qualitative and
quantitative measures [97]. Major funders of biodiversity conservation and restoration and interested governments
should fund aligned measurement and reporting on health outcomes. Likewise public health should broadly consider
biodiversity-health interlinkages, including the impacts of health systems, and health interventions for climate action, on
biodiversity.

» Robust integrated indicators must be accompanied by a standardized framework that ensures consistency, reliability, and rele-
vance across different regions and contexts. This involves: interdisciplinary collaborations to foster cooperation among ecolo-
gists, health professionals, and policymakers; the collection and integration of data across disciplines, ensuring that biodiversity

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004624  July 1, 2025 15722




! Global Public
PLO}' Health

and health data are harmonized; designing metrics that are flexible and can be adjusted as new data and insights become
available; and ensuring that metrics are actionable and aligned with policy needs, providing clear guidance for decision-makers
on how to integrate biodiversity and health considerations effectively. Academic institutions can convene disciplines of biodi-
versity, One Health, planetary health, and Indigenous and traditional knowledge scholars [101,124] in a balanced format with
related government departments and municipal or national level authorities to mobilize interdisciplinary dialogue;

» Countries must commit under multilateral bodies to utilize three types of monitoring elements on biodiversity and public
health to ensure greatest flexibility and comprehensiveness: qualitative indicators, quantitative indicators, and integrated
science-based metrics and progress measurement tools. An overall goal, such as national environmental burden of
disease would be transformative.

Biodiversity and health metrics are needed across the multilateral environmental system. Integrated biodiversity and
health metrics are needed to inform the UNFCCC Global Goal on Adaptation (United Arab Emirates Framework for Global
Climate Resilience) [120], non-economic loss and damage assessments [125,126], and national disaster risk reduction
plans [127]. Assessing scenarios of ecosystem change is a foundational activity for fostering climate-resilient communities
[114]. Changes in nature are indicators of broader climatic change, meaning there is urgency to understand how biodi-
versity and health metrics can be measured, communicated, and strengthened. These metrics will help drive demand

and application of ecosystem-based and nature-based solutions to mitigate and adapt to climate change and achieve the
human right to a healthy environment. Integrated biodiversity and health metrics are also needed to monitor the unsound
management of chemicals and waste as laid out in the intergovernmental goals of the Global Framework on Chemicals
[121]. The metrics can be applied to realizing convergence between goals on chemicals and waste and on biodiversity
[128]. Another example, is that integrated biodiversity and health metrics and progress measurement tools should be used
efficiently to inform the commitments and planning of environmental ministries and of health ministries who will aim to fulfill
strategic objectives under the WHO 14" General Programme of Work to address social, economic, environmental and
commercial determinants of health and the root causes of ill health in key policies across sectors [129].

In addition to supporting individual multilateral agreements, integrated metrics may be a concrete way to bring different frame-
works together and identify synergies and efficiencies in multilateral environmental agreements. This is a priority raised at the
highest levels of environmental governance in the UN system [130] and in a recommendation adopted by governments on the
monitoring framework for the Global Biodiversity Framework [95]. Ultimately, currently separate health-environment communities
of practice within biodiversity conservation, Indigenous scholarship, One Health, and planetary health should strive to recognize
gaps in their independent approaches and identify opportunities for cohesive, synergistic, and balanced collaboration as one
holistic and co-dependent community of practice. Metrics are a good starting point for collaboration. We caution the development
and/or application of siloed metrics that are certain to result in imbalanced perspectives of the multiple ecosystem service needs
and values of people and imbalance in comparative values of quantity versus quality. Isolated approaches are also likely to over-
look unequal access among nature’s beneficiaries as well as the rich diversity of local contexts [68].

As we near the post-2030 sustainable development period clear foundations for integrated measurement must be
rooted in national policy architectures to demonstrate a path toward coordinated environment and health decision mak-
ing. The risks of temperature extremes, biodiversity loss and ecosystem collapse, and natural resource shortages are
expected to be top threats to our global society and local communities in the next decade [54]. Understanding and apply-
ing health indicators, metrics, and measures to global environmental changes is critical to our resilience.

Supporting information

S1 Table. Intergovernmental Requests for Biodiversity-Health Indicators Under the Convention on Biological
Diversity Between 2012 and 2024.
(DOCX)
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