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Abstract

Background: The worsening climate change and alarming prevalence of communicable and non-communicable
diseases continue to threat human life and existence. Accumulating evidence suggests that favorable patterns of
24-h movement behaviors, high physical activity, low sedentary behavior, and adequate sleep, may positively
contribute to achieving dual benefits of climate change mitigation and disease prevention. The purposes of this
mini umbrella review were to summarize the most up-to-date, high-level evidence exploring the relationships
between climate change, 24-h movement behaviors, and health and elaborate on the mechanisms linking the
three variables of interest.

Methods: A systematic search of electronic databases was performed in PubMed and Google Scholar during
March–October 2020. Inclusion criteria were: (1) systematic review; (2) reviewed relationships between climate
change and movement behaviors and/or health in any directions; (3) written in English; (4) published in 2010–2020.
Narrative synthesis was conducted to highlight the main relationships observed and address the current state of
knowledge and priorities for future research. In order to illustrate the potential mechanisms between climate
change, movement behaviors, and health, the main results from included systematic reviews were summarized and
a conceptual framework was developed for future research.

Results: Based on the evidence from eight systematic reviews published in the past decade, multi-directional (i.e.,
uni-, bi-, or U-shaped) links were observed between climate change and varying human health outcomes. However,
little is understood about the association between climate change and 24-h movement behaviors. Two reviews
suggested the negative impact of climate change on sleep and bi-directional relationships between climate change
and physical activity/sport. One review included two studies suggesting the unfavorable impact of climate change
on sedentary behavior; however, the evidence was limited. Finally, no reviews examined the mechanisms by which
climate change, movement behaviors, and health impact one another. Based on the findings of this mini umbrella
review, a conceptual framework is proposed that could guide future work to unpack mechanisms between climate
change, movement behaviors, and health.

Conclusions: This mini umbrella review highlights the importance of better understanding the mechanisms
between climate change, movement behaviors, and health in developing effective mitigation and adaptation
strategies to climate change, while paying close attention to vulnerable countries/communities/population groups.
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Background
Since the Industrial Revolution, economic activities have
relied on the burning of fossil fuels, which has led to an
increase in atmospheric carbon dioxide concentrations
and other greenhouse gas (GHG) emissions [1]. As a re-
sult, an increased greenhouse effect has led to warming
of the earth’s atmosphere. Climate change poses a great
threat to several aspects of human life including sustain-
ability [2], economy [3], and health [4]. For example,
yearly deaths attributable to climate change are expected
to surpass 250,000 between the years 2030 and 2050 [5].
Climate change may also impact human health indirectly
by affecting the availability of resources necessary for
human life such as local food, safe outdoor environ-
ments, or health-related behaviors such as active com-
muting [6, 7]. Given this startling evidence, minimizing
negative impacts of climate change on human health has
been a focus of public health [8].
In addition to the threat from climate change to hu-

man health, lack of physical activity (PA), sedentariness,
and inadequate sleep have been associated with varying
health outcomes [9–11]. PA, sedentary behavior (SB),
and sleep are three main movement behaviors that occur
in a 24-h period, known as 24-h movement behaviors
[12]. In general, global populations, particularly those
living in rapidly developing and developed countries,
have shown low levels of PA (also known as physical in-
activity), increased reliance on motorized vehicles, and
electronic screen-based home entertainment, and fewer
physically demanding professions [13]. These behavioral
changes as a result of industrialization and urbanization,
along with improved technology and resources have
contributed in reducing the physical demands of day-to-
day life [14, 15]. Together, all these developments and
subsequent lifestyle changes likely led to increased en-
ergy consumption and GHG emissions, and have ultim-
ately exacerbated climate change [16].
Though limited to observational studies, the recent

time-use epidemiology literature emphasizes that re-
allocation of time between PA, SB, and sleep (e.g., re-
allocating 30min of screen time with PA) is favorably as-
sociated with weight change [17], body mass index [18],
waist circumference [19], obesity [20], executive func-
tioning [21], cardiometabolic health [22], symptoms of
fatigue [23], and all-cause mortality [24] in varying age
and population groups. In addition to the known health
benefits of re-allocating movement behaviors (e.g., re-
placing 30-min of SB with PA), the Intergovernmental
Panel on Climate Change report highlighted that lifestyle
behaviors and cultural change have great potential for
climate change mitigation and adaptation efforts [25].
Given that climate change mitigation and health promo-
tion efforts can go hand in hand, a better understanding

of the associations between climate change, 24-
h movement behaviors, and health is important.
Research on climate change and human health has

been gaining traction over the past few decades; how-
ever, mechanisms between climate change, 24-
h movement behaviors, and health inclusively, and the
role that 24-h movement behaviors may play in moder-
ating or mediating the relationship between climate
change and health are largely unexplored. Better under-
standing of such complex mechanisms may inform fu-
ture climate change mitigation and adaptation strategies.
The purposes of this mini umbrella review were 1) to
summarize the findings of systematic reviews exploring
the topics of climate change and 24-h movement behav-
iors and/or health and 2) to elaborate on the mecha-
nisms linking the three variables of interest (i.e., climate
change, 24-h movement behaviors, and health).

Methods
This review is in a form of mini-review which summa-
rizes “the most salient concepts related to a topic while
reporting the most relevant and current findings” [26].
Furthermore, umbrella review was utilized to offer pos-
sible solutions and future directions that could address a
broad scope of issues related to climate change and
movement behaviors and/or health [27]. To conduct a
mini umbrella review, peer-reviewed systematic reviews
explaining the associations between climate change and
24-h movement behaviors and/or health outcomes pub-
lished in the past 10 years were systematically examined
and summarized, using Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines [28]. Only systematic reviews were considered
given the vast scope of the topic and heterogeneity that
exist in each variable of interest across different studies
with the following definitions for each variable of inter-
est. Climate change is operationalized as one of the big-
gest issues of our time due to anthropocentric activities,
including shifting weather patterns, rising sea levels,
greenhouse gases effect, poor air quality and air pollu-
tion, patterns and intensities of natural disasters (e.g., ex-
treme rain falls, droughts, floods, storm, bushfires),
extreme weather events, and allergens and disease vec-
tors (e.g., ticks, bugs, blackflies, mosquitoes) [29, 30].
Based on the time-use epidemiology thinking in recent
years [12, 31], 24-h movement behaviors indicate three
key movement behaviors that individuals engage within
a 24-h period, which includes PA, SB, and sleep. Add-
itionally, for this review, physical, mental, and social
well-being, as well as communicable diseases (CD) and
non-communicable diseases (NCD), were considered as
health outcomes inclusively [32].
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Literature search
A search for systematic reviews on the topics encom-
passing climate change, 24-h movement behaviors and/
or health was performed (EZ) in PubMed in March 2020
using the following keywords: (“climate change” OR
“global warming)” OR (“sleep” OR “PA” OR “physical in-
activity” OR “sedentary behav*”) OR “health”. The year
range of 2010–2020 was set to identify only the most
up-to-date systematic reviews. Google Scholar was
searched using similar keywords (SH and EL) to ensure
that all relevant reviews were captured. The list was
cross validated with the results from PubMed. A top-up
search was conducted on June 1, 2020, and expert sug-
gestion was received on October 1, 2020.

Inclusion criteria
Review articles were deemed eligible for inclusion if the
following criteria were met: 1) systematic review; 2)
reviewed relationships between climate change and 24-
h movement behaviors and/or health (i.e., reviews were
deemed eligible if climate change and any of the three 2-
h movement behaviors or health were included in their
investigation); 3) in English; 4) published in 2010 and
2020.

Screening process and data extraction
The screening criteria were established a priori (EL). Du-
plicates were removed and searched reviews were
screened based on their titles and abstracts then full-text
by two reviewers (EZ and SH). Data screening was
supervised by the principal investigator (EL). A data ex-
traction form was developed by the principal investigator
(EL) and the main data extractor (EZ) which included
study characteristics (e.g., authors, year of publication),
number of original articles included in each review, rela-
tionships observed, topic of interest, and summary of
findings. Data extraction was conducted by the first au-
thor (EZ) then verified by the principal investigator (EL).

Evidence synthesis
Narrative synthesis was conducted (EZ) and verified (SH
and EL) to highlight the main relationships observed
and to address the current state of knowledge and prior-
ities for future research. In order to illustrate the poten-
tial mechanisms between climate change and 24-
h movement behaviors and/or health, the main results
from the included systematic reviews were summarized
and a conceptual framework was developed (EL).

Results
Searches in PubMed and Google Scholar yielded 276 ar-
ticles (Fig. 1). A total of six reviews met the inclusion
criteria. Another review was identified through the top-
up-search in June 2020 and one additional review was

suggested by an expert in October 2020, making up a
total of eight systematic reviews included in this review.
Of the eight reviews, six evaluated the relationships be-
tween climate change and health [33–38], one examined
the relationship between climate change and sleep [39],
and one evaluated the relationship between climate
change and PA [40]. One systematic review [40] was
published in the year of 2021; however, it was captured
in our search in 2020, thus, included in our review. A
descriptive summary and the main findings are pre-
sented in Table 1. Systematic reviews included in this re-
view [33–40] had a total of 457, non-mutually exclusive,
independent articles and the search time frame ranged
from no set time limit up to the year of 2020. None of
the included reviews had a specific age group or geo-
graphical location of interest; However, one review had a
specific focus on developing countries only, given their
vulnerability to climate change [35]. All systematic
reviews captured from our searches that meet the eligi-
bility criteria were included in evidence synthesis regard-
less of its quality given the explanatory nature of the
present review. In examining the associations between
climate change and 24-h movement behaviors and/or
health, indicators for each variable of interest used were
largely heterogenous across the reviews.

Climate change and health
Of six reviews [33–38], three reviews [34, 36, 37] evalu-
ated the effects of climate change on physical health out-
comes. A bi-directional relationship between global
warming and obesity was noted in one review [34], de-
scribing that global warming has a negative impact on
the obesity epidemic through food supply/price and
adaptive thermogenesis (i.e., reduced seasonal exposure
to colder climate decreases energy expenditure and con-
tributes to adiposity). Conversely, global warming is ex-
acerbated due to obesity epidemic through increased
energy consumption and GHG emissions [34]. Further-
more, extreme weather events caused by global warming
(e.g., heat waves, wildfires, drought), led to increased
morbidity and mortality [37]. Rising temperatures also
increased risk for cardiovascular and respiratory dys-
functions, due to increased concentrations of air pollut-
ants and ozone [37]. Moreover, changes in temperature
and rainfall patterns caused by global warming are ex-
pected to increase the spread of infectious diseases [36,
37]. Increased temperatures due to climate change was
also shown to impact occupational health whereby there
is an inverse U-shaped relationship between maximum
daily temperature and daily injury claims among outdoor
workers [36].
Two reviews focused on the relationships between cli-

mate change-related indicators and mental health. One
of these reviews [35] found that experiences with natural
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disasters due to climate change are associated with in-
creased rates of post-traumatic stress disorder, injury,
depressive disorder, and anxiety disorder. In addition,
the review [35] suggested that climate change-related
natural disasters disproportionately affect women, indi-
viduals with older age and/or poor health status, and
those who witnessed death/dead bodies. Another review
[39] indicated that rising temperature and extreme wea-
ther events due to climate change are associated with
impaired sleep due to fear or depression.
One review [33] prospectively examined how public

health and climate change mitigation strategies produce
both health and environmental benefits and risks. Re-
sults showed that increased social capital has potential
health risks by increasing fear and misconceptions
within social networks about climate change. The review
also suggested that urban design and planning strategies
as a response to climate change (e.g., expanding green
spaces, walkable neighborhoods, bike paths) can have a
positive influence on both public health and climate

change mitigation while poor urban planning (e.g., urban
heat island effect) can increase health risks.
One review [38] specifically examined the impact of

climate change-related water disasters on population
health. The review highlighted that people in a vulner-
able situation (e.g., living in poverty or unstable dwell-
ings, lack of access to health care) are at an increased
risk for mortality and morbidity. For instance, among
residents in Southeast Florida, rising sea levels were par-
ticularly dangerous for those who are low-income, lower
education levels, non-English speaker, older age, visible
minority, or those with disability [41].

Climate change and 24-h movement behaviors
One review evaluated the relationship between climate
change and sleep [39] and another review examined the
relationship between climate change and PA [40]. Rifkin
and colleagues [39] investigated how changes in temper-
atures, extreme weather events, and natural disasters im-
pact human sleep. Findings from their review showed

Fig. 1 PRISMA flow diagram of the literature reviewing process
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that increased temperatures lead to decreased sleep
quality. Additionally, people who experienced natural di-
sasters were more likely to experience disrupted sleep
following the events. In another review [40], a bi-
directional relationship between climate change and PA/
sport was identified. Varying indicators of climate
change were associated with low PA with disproportion-
ate impact on individuals with chronic diseases and
older people. The review also suggested that PA contrib-
utes to intensifying or mitigating climate change through
active/passive modes of commuting and subsequent re-
ductions/increase in GHGs. It was also discussed that
access to PA/sport infrastructure may be important fac-
tors for recovery in communities affected by natural di-
sasters; however, at the same time, mega sporting
events, the professional sport industry, and related air
travels by athletes and spectators are major sources of
GHGs.
No systematic reviews were focused on the associa-

tions between climate change and SB; however, one re-
view on climate change and PA [40] included two
studies which examined the unfavorable impact of cli-
mate change related indicators on sedentary time. Spe-
cifically, one study observed a high level of sedentary
time among those who experienced Hurricane Ike, as a
symptom of post-traumatic stress compared to non-
disaster samples [42]. Another original study that was
included in the review [40] showed higher levels of sed-
entary time in the areas of Beijing that exhibit highly
concentrated air pollution [43].

Climate change, 24-h movement behaviors, and health
None of the identified reviews examined the relationship
between all three variables of interest (i.e., climate
change and 24-h movement behaviors and/or health) to-
gether. One paper [39] alluded to the emerging threats
of climate change on sleep duration and interruption,
and consequently, increased risk for NCDs given the
strong evidence suggesting the association between
shortened sleep duration and NCD-related burden.
However, Rifkin and colleagues [39] highlighted that the
evidence identifying clear links between climate change,
sleep, and health remains an important gap requiring at-
tention in future research. The importance of better elu-
cidating the mechanisms between climate change and
movement behaviors and/or health has also been
highlighted in another review [40]. Specifically, it was
noted that increasing incidence of vector-borne diseases
such as Lyme disease or Malaria may negatively influ-
ence outdoor or occupational PA or active travel.
Based on this mini umbrella review, a conceptual

framework outlining potential pathways between climate
change, 24-h movement behaviors, and health is pro-
posed (Fig. 2) to provide a greater understanding of

these multifactorial, multi-directional, and complex rela-
tionships. Fig. 2 represents the results from each system-
atic review article included in this work. Briefly, there
are multi-directional relationships between climate
change and health, a potential uni-directional relation-
ship between climate change and NCDs via sleep, and
bi-directional relationships between climate change and
PA. Evidence clarifying the relationship between climate
change and SB appears to be largely lacking and war-
rants future work; however, the potential link is indi-
cated based on previous literature [42–44]. Though the
relationships between climate change, 24-h movement
behaviors, and health cannot be clarified through this re-
view, individual relationships between climate change
and health [35, 36], climate change and 24-h movement
behaviors [39, 40], and 24-h movement behaviors and
health [9–11] were speculated. A clear mechanism link-
ing the three variables of interest appears to be an im-
portant gap requiring further research. In addition, other
human behaviors that occur on a day-to-day basis, for
example, dietary habits, eco-friendly behavior, or con-
sumer behavior, may also explain the links between cli-
mate change and health; therefore, future research may
expand this line of inquiry beyond 24-h movement
behaviors.

Discussion
Based on the evidence from eight systematic reviews
published in the past decade, a multi-directional link be-
tween climate change and human health was observed.
Specifically, uni-directional [35, 37, 39], bi-directional
[33, 34, 38], and U-shaped associations [36] were ob-
served between climate change and varying human
health outcomes. Less is understood about the associ-
ation between climate change and 24-h movement be-
haviors. Two reviews suggested the negative impact of
climate change on sleep [39] and bi-directional relation-
ships between climate change and PA/sport [40] with
partial evidence on SB. No reviews examined the mecha-
nisms by which climate change, 24-h movement behav-
iors, and health influence one another.
Of the research exploring the impact of climate change

on human health, there appears to be a general consensus
that climate change is expected to negatively impact vari-
ous aspects of human health [35, 37–39]. It is also import-
ant to note that climate change will disproportionately
generate greater risks for low- and middle-income coun-
tries (LMIC) [38, 45]. In LMICs, economic loses are
largely uninsured (approximately 99%), as such the eco-
nomic impact of climate change is greater than it is in
high-income countries, leading to poorer health outcomes
for their citizens. This is because there is less resiliency
spending and generally poorer health infrastructure; there-
fore, when climate change-related disasters happen, it is
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more difficult for LMICs to recover from and adapt to the
changes [45]. It is also reported that at the local level, eld-
erly and low-income individuals [38, 39], individuals with
low social capital [33], women and girls [35], and individ-
uals with health conditions [35], low socioeconomic or
minority status, as well as individuals with disability [38]
are more likely the be more vulnerable to climate change
than their respective counterparts. Therefore, climate
change mitigation and adaptation strategies should pay
close attention to population countries/communities/
groups that are more vulnerable to climate change.
Limited, yet apparent associations between climate

change and 24-h movement behaviors, specifically sleep
[39] and PA/sport, [40] were observed. The relationship re-
ported between climate change and sleep was uni-
directional of which increased temperatures and natural

disasters due to climate change diminishes and interrupts
sleep, especially among low-income and elderly persons
[39]. Bi-directional associations between climate change
and PA/sport [40] indicated that climate change dispropor-
tionately impacts PA in the global population. At the same
time, PA can mitigate or exacerbate climate change. Specif-
ically, consistent, negative impacts of air pollution, extreme
temperatures, and natural disasters on PA was reported.
However, the impact of extreme temperatures on people’s
ability to engage in PA, particularly in outdoor activities,
can vary by geographical location. For instance, people liv-
ing in the north temperate zone (e.g., Canada) may not be
affected at a same rate as those in the south temperate zone
(e.g., Australia) [25, 40]. Such “place effects [46]” and their
potential mediating role between climate change and health
are being increasingly discussed in the literature [46, 47].

Fig. 2 A conceptual framework of directionalities and pathways between climate change, 24-h movement behaviors, and health. Note: The top
circle indicates climate change and below, indicators of climate change that act as both causes and consequences mentioned in each review are
listed. From eight reviews included [35–42], identified, direction and nature of the relationships between indicators of climate change and varying
movement behaviors and/or health outcomes are indicated using arrows (direction) and colored lines (blue lines indicate favorable associations
and orange lines indicate unfavorable associations). Furthermore, thick solid lines indicate consistent associations (consistent findings in ≥ two
reviews) while thick dotted lines (one review) indicate suspected associations. Narrow dotted lines indicate speculated, but largely unknown
associations (no reviews but independent studies). Population groups that are identified as particularly vulnerable are described in the blue box
at the bottom. CD: Communicable diseases; NCD: Non-communicable diseases; PTSD: Post-traumatic stress disorder
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While preliminary evidence suggests that seasonal
variation may influence SB [48], no reviews were focus-
ing on exploring SB in relation to climate change. Only
two original studies included in the review on climate
change and PA [40] reported a negative impact of cli-
mate change-related indicators on SB [42, 43]. Given the
co-dependent relationship between PA and SB, com-
bined with the well-known health impacts of SB [49], it
is important to clarify the potential bi-directional rela-
tionships between climate change and SB. In particular,
screen time, the most common form of SB that is known
to negatively impact health [50] is of great interest. It is
projected that the Information Technology sector from
powering internet servers and charging personal individ-
ual devices will consume as much a 20% of the world’s
electricity by 2030 [51]. In the era of climate change,
supporting individuals to adjust their time-composition
of 24-h movement behaviors so that they engage less in
‘carbon-intensive’ screen-based sedentary behaviors (e.g.,
streaming movies online), and instead engage in more
emission-free SBs (e.g., board games, reading) or varying
types of PA should be a priority [52]. Future studies
should further explore this relationship in order to pro-
vide an understanding of whether this relationship exists,
the directions of this relationship, and the possible path-
ways through which PA and SB interact with each other,
and influence and are influenced by climate change.
This review suggests potential directions and pathways

between climate change, 24-h movement behaviors, and
health and provides a conceptual framework (Fig. 2) that
could guide future research on the topic. Some limita-
tions should be noted. This review only included system-
atic reviews in English and published between 2010 and
2020. In addition, only a limited number of keywords
was used in literature searches; therefore, it is possible
that reviews specific to one form of disease (e.g., vector-
borne disease) or 24-h movement behavior (e.g., active
transport, screen time) may have been missed; however,
this is unlikely because we also conducted multiple
searches on Google Scholar to cross-reference results
and additional work was found via expert’s suggestion.
Finally, assessment of methodological quality/critical ap-
praisal for each systematic review was not conducted
given the broad scope and exploratory nature of the
present review.

Conclusions
This mini umbrella review highlights the importance of
better understanding the mechanisms between climate
change, 24-h movement behaviors, and health to develop
effective mitigation and adaptation strategies to climate
change. The impact of climate change on human health
could be intensified or buffered by 24-h movement be-
haviors; however, this requires further investigations to

be more conclusive. It is also noteworthy to mention
that, in support of previous literature, the findings of this
review build on the assertation that promoting healthy
movement behaviors can address two major pressing is-
sues of our era, climate change and human health. By
considering knowledge pertaining to climate change and
health and exploring factors that are linked with both
climate change and health, such as 24-h movement be-
haviors, human health can be better protected through
climate change mitigation and adaptation efforts. In
making such efforts, it is important to consider coun-
tries/communities/population groups that are most vul-
nerable to climate change.
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