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Abstract

Background Climate change has been identified as one of the biggest threats to human health. Despite this claim,
there are no standardized tools that assess the rigor of published literature for use in weight of evidence (WOE)
reviews. Standardized assessment tools are essential for creating clear and comparable WOE reviews. As such, we
developed a standardized tool for evaluating the quality of climate change and health studies focused on evaluat-
ing studies that quantify exposure-response relationships and studies that implement and/or evaluate adaptation
interventions.

Methods The authors explored systematic-review methodology to enhance transparency and increase efficiency
in summarizing and synthesizing findings from studies on climate change and health research. The authors adapted
and extended existing WOE methods to develop the CHANGE (Climate Health ANalysis Grading Evaluation) tool. The
resulting assessment tool has been refined through application and subsequent team input.

Results The CHANGE tool is a two-step standardized tool for systematic review of climate change and health studies
of exposure-response relationships and adaptation intervention studies. Step one of the CHANGE tool aims to classify
studies included in weight-of-evidence reviews and step two assesses the quality and presence of bias in the climate
change and health studies.

Conclusion The application of the CHANGE tool in WOE reviews of climate change and health will lead to increased
comparability, objectivity, and transparency within this research area.

Keywords Global warming, Systematic review, Quality and bias assessment, Environmental health, Human health,
Environmental exposures, meta-analysis, Scoping review, Biomedical, Climate change and health
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Background

The World Health Organization has identified climate
change as one of the biggest threats to human health [1].
Numerous studies have been published reporting on the
impacts of climate change on human health across the
globe [2—-4], as well as climate change’s impact on exac-
erbating health inequities [3, 5]. The implications of cli-
mate change on human health have been investigated
by a broad range of fields, including public health, medi-
cine, ecology, biology, the social sciences, and by trans-
disciplinary teams drawing from these fields [6—10]. In
medicine and public health, weight-of-evidence (WOE)
reviews are utilized to assess the direction, validity, accu-
racy, strength of association, precision, and risk of bias
in studies on a specific topic [8, 11]. These WOE reviews
are traditionally done through scoping reviews, system-
atic reviews, and meta-analyses [8, 11]. WOE reviews
rely on standardized tools to assess the quality of studies
included in these WOE reviews [8, 11]. However, to the
authors’ knowledge, such a standardized tool does not
currently exist to examine studies of the effects of climate
change on human health.

The field of climate change and health research is
experiencing a remarkable surge in the number of pub-
lications [12, 13]. This field is now generating sufficient
peer-reviewed research publications to warrant the use
of formalized WOE approaches to address the growing
need for synthesizing this literature. In fact, there have
been many scientific calls to increase the standardization
and transparency of synthesized literature on climate
change research [14-16]. Conventional environmental
health research, and the current tools for assessing the
quality of environmental health studies, typically delve
into specific pollutants or hazards. However, climate
change is not a conventional environmental health expo-
sure; rather climate change is a global crisis and a set of
processes that extends beyond the conventional geo-
graphic or political boundaries of conventional environ-
mental exposures [17, 18].

Climate change and health research encompasses a
broader scope and scale than conventional environmen-
tal health research, examining the complex and intercon-
nected global systems influenced by climate change, such
as the atmosphere, hydrosphere, and anthroposphere.
Traditional environmental health research may focus
solely on one of these aspects while ignoring the interplay
and mixtures between them all, thus leading to incom-
plete conclusions. Additionally, the temporal perspective
of climate change research stands apart from that of con-
ventional environmental health research in that climate
change research often adopts a longer-term perspective,
scrutinizing health impacts that can unfold over decades
or even centuries such as the health impacts of sea-level
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rise and shifting disease patterns. The interconnected
and global scope of climate change and health research
as well as its long-term perspective can introduce poten-
tial threats to study validity and generalizability, particu-
larly when studies focus solely on one exposure, region,
or employ too short a time frame. Further, these inter-
connected climate change exposures give rise to various
health outcomes across different typologies including:
mortality, direct and indirect physical health impacts,
direct and indirect mental health impacts, upstream
health determinants, and more [19]. Hence, a tool to
assess the quality of climate change and health studies
should gather data on the specific type of climate change
exposure under study, in addition to health outcome
types, geographic scale, and timeframe of analyses.

Due to the complex nature and wide-ranging impacts
of climate change, transdisciplinary and comprehensive
methods to climate change research, mitigation, and
adaptation are a necessity [20]. While conventional envi-
ronmental health research tends to operate within the
confines of a single discipline, climate change and health
research necessitates collaboration among experts in cli-
mate science, ecology, public health, epidemiology, the
social sciences, and other fields to understand its multi-
faceted impacts on health. Consequently, this diversity in
expertise gives rise to a variety of differing theoretical and
conceptual approaches to studying the complex interac-
tions between climate change and health. To address this,
a study quality assessment tool must record the theoreti-
cal and conceptual approaches employed in each study,
enabling the evaluation the differing approaches. Addi-
tionally, the issue of climate change is politically charged
and conflicts of interest may arise as economic actors
with stakes in such research are funding climate and
health research [21-23]. However, prior environmental
health WOE tools do not include questions on funding
mechanisms of the studies and the affiliation of the stud-
ies” authors. Prior tools also neglect to incorporate if the
study engages with indigenous or community knowledge.
Incorporating indigenous knowledge and insights from
impacted communities is important in health research,
and even more crucial when addressing climate change
and health [24-28]. The incorporation of indigenous and
community knowledge is essential for ensuring that pro-
posed mitigation and adaptation strategies are culturally
relevant [29, 30].

A prior WOE tool, developed by scientists from the
US National Institute of Environmental Health Sciences’
Office of Health Assessment and Translation (OHAT),
describes a flexible seven-step review process that can
be amenable for climate change and health questions
[11]; however, the quality assessment step (step 5) is not
sufficient for the diversity of environmental exposures
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associated with climate change-related events and does
not account for any other metrics for scientific rigor or
quality (such as study classifications, transparency, and
covariate selection). In response to this gap and draw-
ing from the previously mentioned shortcomings of
pre-existing tools used in related fields and topics, the
authors developed the standardized CHANGE (Climate
Health Analysis Grading Evaluation) tool for evaluat-
ing studies that quantify links between exposure to cli-
mate change related variables and health outcomes and
for studies that implement and/or evaluate adaptation
interventions. The CHANGE tool is a tool to assess the
quality of research studies included in WOE reviews that
can be seamlessly integrated into step 5 of Rooney et al’s
systematic review framework [11]. The CHANGE tool
incorporates essential WOE metrics, while also address-
ing the unique aspects of climate change and dimensions
that were previously overlooked in prior environmental
health WOE assessments.

Methods

We explored prevailing systematic-review methodolo-
gies to enhance transparency and increase efficiency in
summarizing and synthesizing findings from studies
on climate change and health research. In developing
the CHANGE tool, we adapted and extended existing
methods from clinical medicine, environmental health,
epidemiology, earth science, sociology, biology, and cli-
mate change science [8, 11, 14, 31-38]. First, the lead
author (N.L.S.) conducted a scoping review of system-
atic review tools in the aforementioned fields and then
compiled the questions included in the tool. Then,
the lead author and two additional authors (S.P.U. &
C.C.E.) reviewed the list of questions and developed
the first iteration of the tool. The first iteration of the
tool was applied to a systematic review focused on
evaluating the impacts of climate change on mental
health in Western Africa, the results of which will be
published elsewhere. After conducting the systematic
review, the three authors refined the tool based on the
insight gained from the initial review. Then, the three
authors assembled a team of transdisciplinary experts
to further refine and ultimately develop the resulting
CHANGE tool. In light of this paper’s focus on climate
and health research, particularly in quantifying expo-
sure-response relationships and assessing adaptation
interventions, the transdisciplinary team comprised
a diverse range of experts, including experts in epi-
demiology, environmental health sciences, ocean and
climate physics, ecology, soil and crop sciences, and
sociology.
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Results

We present a two-step standardized CHANGE tool to
assess the quality of climate change and health stud-
ies (Additional file 1). This two-step standardized tool
was adapted from previous existing methods and tools
in related fields [8, 11, 14, 31-38]. Because climate and
health scientific literature is diverse and transdisciplinary,
the authors agreed that the first step of the CHANGE
tool must be used to categorize the study being reviewed.
The second step of the CHANGE tool will then be used
to assess the quality and presence of bias in the study.

CHANGE Tool Step 1: Study classification

Step one of the CHANGE tool is presented in Table 1.
This step aims to classify studies for WOE reviews. The
classification step allows researchers to categorize the
diverse literature base of climate change and health
research. Through this categorization, the systematic
review team is empowered to develop more detailed and
precise conclusions in the current evidence base, which
in turn will help with dissemination of scientific informa-
tion. In this section, the systematic review team should
mark all answers that apply to each question.

CHANGE Tool Step 2: Study quality and bias assessment
Table 2 presents step two of the CHANGE tool. For this
step, we have developed a 4-tier rating system for ranking
each question to align and surpass the current best prac-
tices in environmental health research [11, 32, 36]. The
rating system is as follows: “1” indicates highest scientific
rigor, “2” indicates strong scientific rigor, “3” indicates
weak scientific rigor, and “4” indicates poor or no scien-
tific rigor. For a study to be ranked “1” (highest scientific
quality), the systematic review team must believe that
the study could not be improved in the specific topic the
question covers. If the systematic review team has some
issue with the study’s scientific rigor, but overall believe
it is strong then it should be graded a “2”. Grade “3” indi-
cates that there are significant issues in the study’s sci-
entific rigor, however, the topic is somewhat addressed.
Grade “4” indicates that the study fully disregarded this
aspect of scientific quality or bias. For questions that
there is no applicable answer, “5” is selected for unknown.
For this section of the CHANGE tool, the review team
must select only one answer per question per study.

Step two of the CHANGE tool is divided into 5 sub-
sections: transparency, selection bias, covariate variable
selection, detection bias, and selective reporting bias.
Each of these subsections consist of one to six ques-
tions, with each question scored on a scale from 1 to 4,
with “1” indicating highest scientific rigor and “4” indi-
cating poor rigor. We encourage review teams to report
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Table 1 CHANGE Tool Step 1: Study classification

Study Classification Metric

Options

Exposure type

Outcome type

Timeframe of climate change exposure
Timeframe of outcome

Spatial scale of the exposure

Spatial scale of the outcome

Regional focus

Target population

Engaging/Incorporating Indigenous
and community knowledge

Study design methodology type
Theoretical/conceptual approach

Publishing access
Funding type

Precipitation; Temperature; Humidity; Drought; Air Pollution; Sea level rise; Storm surge; Flooding; Wildfires;
Extreme heat/heat wave; Climate variation; Power outages; Food insecurity/famine; Resource availability; Eco-
nomic/Market conditions; Climate change adaptation/mitigation (e.g. greening or cooling centers); General;
Other

Mortality; Direct physical health impact; Indirect physical health impact; Direct mental health impact; Indirect
mental health impact; health systems capacity; Upstream health determinants; Other

Long term change; Inter-annual or decadal variability; Isolated extreme events

Long term change; Longitudinal change; Cross-sectional

Individuals; Households; Community; Regional; Sub-national; National; Continental; Global

Individuals; Households; Community; Regional; Sub-national; National; Continental; Global

Global; North America; Europe; Africa; Asia; Central America/South America/the Caribbean; Oceania; Antarctica

General population; Infants and toddlers (0-2); Children (3-18); Older adults (65+); Women; Pregnant individu-
als and fetuses; LGBTQIA+ / sexual and gender minorities; Low income groups / groups of low socioeconomic
status; Specific racial groups; Specific ethnic groups; Indigenous people; Incarcerated individuals; Immigrants;
Outside workers (e.g. farmers; construction workers; etc.); Differently abled persons; Persons with pre-existing
medical conditions (e.g. asthma; diabetes; cancer; etc.) or persons with electronic medical devices; Persons
with cognitive impairments; Other

Indigenous knowledge; community knowledge

Quantitative; Qualitative; Mixed-methods

Clinical intervention; Public health intervention (non-clinical); Epidemiological causal theory; Environmental
justice/climate justice; Supply-demand economics; Ecosystem services; Ecology/environmental preservation/
ecosystem management; Geologic; Land management/agriculture/forestry; Ocean and coastal manage-
ment; Disaster risk management; Education and tourism; Social determinants; Cultural preservation; Resource
and food security; Other

Open access publishing; Non-open access publishing

Fossil-fuel industry funding (directly from a corporation, or via industry associations, or industry-funded/indus-
try-aligned philanthropic groups); Other industry (private) funding (directly from a corporation, or via industry
associations, or industry-funded/industry-aligned philanthropic groups); Government funding; Foundation/
philanthropic funding (independent of industry stakeholders); Academic institution funding; Research stated

to be unfunded; Funding not reported

Author affiliations

No authors report affiliations with stakeholder industries or for-hire consulting firms; One or more authors

report affiliations with stakeholder industries or for-hire consulting firms

mean subsection scores and a mean overall score in their
manuscripts. A score of “5” indicates that the answer
is unknown or not applicable, and therefore should
reported but not calculated in the mean scores. Studies
with mean subsection and/or mean overall scores close
to 1 indicate high scientific rigor for that specific sub-
section or for the overall assessment, respectively. Con-
versely, studies with mean subsection and overall scores
close to 4 indicate very low scientific rigor for that sub-
section or for the overall assessment.

Transparency

The first subsection ranks the transparency of each study.
Research transparency is a researcher’s ethical obliga-
tion to make their data, evidence, analysis, and research
design accessible to the public in order to facilitate honest
evaluations of their evidenced-based claims [39]. Ques-
tions in this subsection include issues such as research
question clarity, inclusion and exclusion criteria, research
reproducibility, and studies’ bias assessments.

Selection bias

This subsection focuses on selection bias issues. We
define selection bias as a cause of an observed associa-
tion between the exposure and outcome in a study pop-
ulation that differs from the association that is present
in the target population. Selection bias arises due to a
selection process of study population participants that is
in some manner associated with both exposure and out-
come. Here the study population refers to the individuals
included in the study and the target population refers to
the individuals to which the study is intended to apply.
The questions in this subsection ask questions that evalu-
ate the generalizability and external validity of the study
and its findings.

Covariate variable selection

The following subsection is concerned with issues
regarding covariates selected for analyses as potential
confounders, mediators, or predictor variables. For non-
predictive models, inappropriate covariate selection
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Table 2 CHANGE Tool Step 2: Study quality and bias assessment

Category Question Rating from 1-4;“1” indicating highest scientific
rigor and “4” indicating poor or no scientific rigor. “5”
indicates unknown

Transparency Does the study clearly specify the research question?

Selection Bias

Covariate Variable Selection

Does the study clearly state the inclusion and exclusion
criteria?

Is the research reproducible? Does the study present a full
description of study design, including a clear rationale

for the spatial scale at which exposure was measured

and data availability?

Does the study clearly assess the “risk of bias?”

Are the individuals selected to participate in the study likely
to be representative of the target population?

For non-predictive models: Did the study design or analysis

account for the minimally sufficient set of confounding

and covariate variables

For predictive models: Was the selection of predictor vari-
ables clearly described and following best standards?

Detection Bias

Was the measurement ascertainment of the climate variable

well described with detail of the technology, developer,
detailed usage, and measurement error of the sensor?

Was the measurement ascertainment of the climate variable
well described with detail of the frequency and recording
of location updates, and the method, period, and duration

of data collection clearly specified?

Was the climate variable well described with detail

of the data availability?

Was there a clear justification for the chosen climate expo-

sure and the method of exposure assessment?

Can we be confident in the exposure characterization?
Confidence requires valid, reliable, and sensitive methods
to measure exposure applied consistently across exposure

groups.

Were confounding variables assessed consistently
across groups using valid and reliable measures?

Selective Reporting Bias
reported?

Were all measured outcomes (based on the research aims)

may cause confounding bias. Confounding bias occurs
when confounding variables are not appropriately
accounted for, resulting in a distorted measure of asso-
ciation between the exposure and outcome. We define a
confounder as a variable that is associated with both the
exposure variable and the outcome variable and is not an
intermediate variable on the pathway from exposure to
outcome [40]. Graders should select either question 13.a.
for non-predictive models or 13.b. for predictive models.

Detection bias

The detection bias subsection focuses on issues that
may cause distortions in the measurement of associa-
tions due to issues in the reliability and validity of meas-
urement exposure or outcome variables. The following
questions are aimed to ensure that the measurements
of variables are clearly described and consistent both
within and between groups. These questions ensure that

the methods used are valid, reliable, and sensitive. Valid
results in the study are defined as values that were not
the result of chance or bias, but rather reflects an objec-
tive truth. Examples of a study ensuring validity include
using valid study measures and including multiple meas-
ures per variable. Reliable and valid methods are those
that have instruments that produce consistent results and
allows a study to examine the effects of unmeasured con-
founder on study results.

Selective reporting bias

The final subsection is concerned with selective reporting
bias. Selective reporting bias occurs when the results of
the study are not fully or accurately reported (such as null
results). As such, this section is concerned with whether
or not all measured outcomes that were discussed in the
aims of the paper were reported fully in the study.



Sprague et al. Environmental Health (2024) 23:7

Discussion

Climate change is a global crisis with far-reaching impli-
cations transcending national borders. In contrast to
conventional environmental health research, climate
change health research often takes on multiple roles, not
only elucidating the health risks posed by climate change
but also exploring strategies for adaptation and mitiga-
tion, as well as advocating for policies and practices to
curb greenhouse gas emissions. As such, we developed
the two-step CHANGE tool to evaluate the quality of
studies focused on climate change and human health, fol-
lowing the lead of pre-existing tools in related fields and
topics [8, 11, 14, 31-38]. In the two-step CHANGE tool,
the first step is targeted to classify the type of climate
and health study based on differing categorizations. The
first step addresses several gaps of previous WOE tools
by encouraging reviewers to 1) define the type of climate
change-related exposure, 2) identify the timeframe for
such exposure, 3) examine the spatial and regional scale
of both climate change-related exposures and outcomes,
and 4) consider equity issues based on studies’ target
populations and regional focus. Additionally, given the
transdisciplinary nature of climate and health research,
we recommend identifying the underlining theoretical
and/or conceptual approach to the work. We also recom-
mend taking publishing access into account, considering
funding sources, and evaluating author affiliations. This
first step categorizes climate and health research, allow-
ing for enabling step two to assess the overall study qual-
ity and evaluate bias in climate change and health studies
on a broader scale, as well as within the specific catego-
ries determined in the initial step. Researchers and deci-
sion makers can use the synthesized results obtained
from this tool to ensure that evidence-based insights
inform policy decisions and public health practices
effectively.

To ensure the rigor of the systematic review, we encour-
age review teams to have a minimum of two graders eval-
uate every study [41]. We suggest that all disagreements
in study are discussed between the two graders and a
third, in which a consensus can be arrived at between
all three graders. Further, we encourage for this tool to
be used as step 5 within the flexible seven-step OHAT
framework [11].

Recent advances in artificial intelligence (Al) tools, par-
ticularly large language models, will change how WOE
reviews are conducted [42, 43]. However, there will still
be a need to assess the quality of studies included in
WOE reviews, a process that might evolve as a collabo-
ration between Al and human researchers or as a pro-
cess conducted solely by AL Therefore, tools, such as the
CHANGE tool, will be necessary to prompt and organ-
ize quality assessments for WOE reviews. Perhaps future
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systematic reviews will incorporate an “AI CHANGE”
tool to assess the quality of published research.

Conclusion

The use of the CHANGE tool in WOE reviews of climate
change and health has the potential to increase compara-
bility, objectivity, and transparency in this research area.
Employing this method will enhance communication and
clarity on the scientific evidence of climate change and its
health impacts through standardized and consistent eval-
uation of the studies. By summarizing and evaluating the
current evidence base in a clear and consistent manner,
the CHANGE tool will facilitate the provision of essential
and accessible information to policy makers, stakehold-
ers, and the public. Consequently, utilizing the CHANGE
tool may lead to better and more effective communica-
tion of scientific findings to diverse audiences.
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