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ABSTRACT

Climate change is a man-driven disruptor of our lifestyle, health, and well-being. Humans, like
other species, adapt to long-term stressors like global warming through genetic and epigenetic
adaptations. However, these adaptations are not always favorable, the outcome depends on many factors,
including the magnitude and rate under which this change is imposed on the body. The implication of
climate change on many human diseases such as melanoma, violence, child abuse, and others has been
thoroughly investigated. Nevertheless, it is difficult to investigate the direct molecular alterations in
humans in response to climate change. This difficulty is mainly due to ethical restrictions and the need
for generational studies. Additionally, the indirect impact of climate change on humans cannot be
ignored. The intense heat has forced many to an indoor lifestyle. This shift has led to a more sedentary
lifestyle and more screen time, both of which were associated with an increase in depression, anxiety,
and anti-social behavior. Finally, climate change is actively affecting our food security which represents
another indirect cause for aggressive behaviors. This review aims to shed some light on the influence of
climate change on mental health, behavior and the underlying mechanisms behind it.

KEYWORDS: Climate change, global warming, behavioral changes, violence, genetics,

epigenetics

INTRODUCTION

The occurrence of major environmental
events has been happening regularly in the last
decade. Our planet has lost millions of acres of
forests to fires (Hirschberger, 2016; Cilli et
al., 2022), many ice sheets and glaciers are
rapidly melting (Coulson et al., 2022; Dietz &
Koninx, 2022) and many species are
endangered or even extinct (Roméan-Palacios
& Wiens, 2020; Song et al., 2021; Grinder &
Wiens, 2022; Penn & Deutsch, 2022).
Therefore, many countries and conscious
individuals are fighting to raise global
awareness of this devastating problem.

According to the United Nations,
Climate change is defined as “a change of
climate which is attributed directly or indirectly
to human activity that alters the composition of
the global atmosphere and which is in addition
to natural climate variability observed over
comparable time periods” (UN, 1992). Also,
according to the  United  Nations’
Intergovernmental Panel on Climate Change
“Global warming is defined as an increase in
combined surface air and sea surface

temperatures averaged over the globe and over
a 30-year period”(IPCC, 2018).

It is well known that climate change
and global warming are attributed to extensive
pollution (Koch et al., 2021). Moreover, the
opposite effect is true as well; global warming
may lead to stronger and more hazardous effects
of many ecotoxic chemicals and pesticide
residues that will further worsen our climate
(Noyes et al., 2009; Lovett, 2010; Oladipo et
al., 2019; Kaka et al., 2021). Agencies have
been trying to prioritize this problem for a long
time and recently we could see an acceleration
in the rate of increase in global temperatures.
The past decade is the highest on record.
Therefore, it is imperative to take more effective
steps toward solving this problem and seek
concrete  solutions to  minimize this
acceleration.

MATERIAL AND METHODS
This review aims to shed some light on the
influence of climate change on mental health,
behavior and the underlying potential molecular
mechanisms behind it. The review will gather
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information from all English-written articles
published in the last 20 years. This review was
approved by the Medical Research Ethics
Committee for Health Sectors at Modern
University for Technology and Information
(Approval number OB001\07\09\03\01).

Climate Change and Overall Human
Health

For decades, the scientific community has
been investigating the negative health effects of
climate change and global warming on humans.
Several  studies  have  reported the
direct/negative impact of climate change on our
health and well-being. Auger et al., investigated
the correlation between warm weather and
sudden infant deaths (SIDs) in 30 years from
1981 to 2010 in Montreal, Canada. The case-
crossover analysis included a total of 196
certified SIDs cases. The study showcased a
strong correlation between high ambient
temperatures and SIDs, especially at the age > 3
months. In other words, the study is predicting
that with the consistent rise in temperature, the
impact on the risk of SIDs in humans should not
be taken lightly (Auger et al., 2015). The same
group investigated the association of hot
temperature to stillbirths in the Quebec region
during the same time frame and the study
confirmed this association as well (Auger,
Fraser, et al., 2017). Similarly, this correlation
between increased ambient temperature and
SIDs was confirmed in Korea (Son et al., 2017).

Moreover, a  meta-analysis  study
associated hot climate with decreased workers’
productivity, performance, and deterioration in
occupational safety of outdoor workers in Sub-
Saharan African countries (Moda et al., 2019).
In Japan, public health authorities have been
adjusting a heat wave adaptation plan to prevent
heat strokes since over a decade ago (Martinez
etal., 2011).

Furthermore, Climate change and global
warming have been implicated in many other
health problems as; many eye-related illnesses
(Echevarria-Lucas et al., 2021) including
retinal detachment, (Auger, Rhéaume, et al.,
2017) cataract (Cullen, 2011; Norval et al.,
2011), and skin-related illnesses such as
melanoma (Van Der Leun et al., 2008; Cullen,
2011; Norval et al., 2011), and allergies (Shea
et al., 2008; Norval et al., 2011) to say the
least.

Human Behavior: Nature versus
Nurture

From an evolutionary perspective,

aggression is considered a tool for the survival
of a species, this tool guarantees the successful
gathering of resources and sexual selection.
Therefore, historically the magnitude of
aggression should increase depending on the
increased value of the fought-over possession
(Lindenfors & Tullberg, 2011). However, this
theoretical distinction is not applicable in
modern times, where there is no need to resort
to aggression (Veroude et al., 2016).

1. Direct effects of climate change on our
behavior

However, climate change has been shown
to harmfully affect our mental health and
exacerbate stress (Padhy et al., 2015). Another
scientific investigation has shown an obvious
increase in aggressive behavior in Psychiatric
in-patients from 6 different hospitals in
correlation to climate change in Baden-
Wirttemberg, Germany (Eisele et al., 2021).
Additionally, a study directly correlated the
occurrence of violent crimes with higher
temperatures in a rather cold country namely
Finland (Tiihonen et al., 2017). Similarly, an
increase in civil conflicts was observed during
drought season. The data were collected from
Asia and Africa, in the period from 1989 to
2014 (Von Uexkull et al., 2016). Even in
sports, a study showed that the higher the
ambient temperatures, the more aggressive the
behavior becomes on the baseball pitch
(Larrick et al., 2011).

Besides, a surge in gender-based violence
has been also correlated with the continuous
increase in global temperatures (Desai &
Mandal, 2021; Nations, 2022; van Daalen et
al., 2022). Also, violence against children and
child abuse have been linked to climate change
and global warming (United Nations &
Human Rights, 2019; Pereznieto et al., 2020).

Furthermore, other mental health problems
have been reported to be associated with climate
change including depression, (Frodl et al.,
2010; Padhy et al., 2015) and anxiety & stress.
(Rataj et al., 2016; Grant et al., 2019; Parry
et al., 2019; Zisis et al., 2021; Schwartz et al.,
2022) Even the side effects of drug abuse have
been observed to be worsened during extreme
temperatures (Marzuk et al., 1998) and
hospital admissions of drug-related mental
diseases also increased with the increase in
temperature (Chan et al., 2018).

Molecular effects of climate change on our
behavior. Nowadays, we are facing many
stressful environmental conditions, not only
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extreme heat, but also floods, and droughts. To
adapt to these conditions there are different
responses (Kristensen et al., 2020). Firstly, it is
well known that our DNA is mostly stable
throughout our life. Therefore, to create a
lasting evolutionary response to climate change,
a genetic adaptation has to be passed on over
generations (Leonard, 2015; Kristensen et al.,
2020) This genetic adaptation doesn’t always
save the species from extinction, sometimes the
species maladapts and that might even hasten
the extinction process (Leonard, 2015; Nadeau
& Urban, 2019; Kristensen et al., 2020). In that
sense, it has been reported that the de novo
mutations occurring in the genes of ectothermic
organisms in response to unnatural global
warming might not be favorable due to the
thermodynamic limitations of the protein
structure in response to extreme heat.
Consequently, with the rapid increase in global
temperatures, the enzymatic Kkinetics and
protein stability will be affected also in humans,
which in turn will be detrimental to human
health and fitness (Berger et al., 2021).
Moreover, the persistence of excessive
environmental stresses over a long period is by
itself a factor that would favor a maladaptive
response. This maladaptation may lead to the
development of mental health issues such as
anxiety and mood disorders, e.g., depression,
especially in individuals suffering from genetic
vulnerabilities (Tafet & Nemeroff, 2016).

Secondly, humankind could accommodate
and adapt to different stressors sooner through
the transgenerational response. Here, the body
has to acclimatize to the climatic changes
through epigenetic adaptation (Devaskar &
Raychaudhuri, 2007; Kuzawa & Thayer,
2011; Kristensen et al., 2020). In the early
1940s, Conrad Waddington defined epigenetics
as ‘the branch of biology which studies the
causal interactions between genes and their
products, which bring the phenotype into being’
(Waddington, 1942; Goldberg et al., 2007). In
other words, our genetic makeup will not
change, but the DNA could be methylated or the
histone proteins could be modified which in
turn will activate or deactivate genes in
response to external or internal factors (Gibney
& Nolan, 2010). Likewise, the epigenetic
response to climate change may be maladaptive
due to extensive DNA methylation and in turn
obstruction of gene expression (McGuigan et
al., 2021; Murray et al., 2022).

Worth mentioning, that  research

approaches aimed at detecting genetic and
epigenetic human responses to climate change
and global warming are difficult. It will take
generations of observation and molecular
testing and yet — without careful monitoring —
one may not be certain whether this alteration is
due to climate change or due to other stressors.
More importantly, the moral and ethical
restrictions to such studies together with the
financial and logistic difficulties have been
proven to be challenging so far (Breton et al.,
2021). Nevertheless, the effect of genotype
polymorphism or epigenetic modulation can be
investigated on the protein level. This protein
could be a hormone, metabolite, receptor,
enzyme, or neurotransmitter among others, for
instance, a genetic polymorphism in the
neurotransmitter-metabolizing enzyme
monoamine oxidase A (Caspi et al., 2002), a
polymorphism in the serotonin transporter gene
(Gotlib et al., 2008), and a polymorphism in the
brain-derived neurotrophic factor, Val66Met
gene (Gatt et al., 2009), among other genes that
have been associated with behavioral,
psychological and psychiatric issues. Also,
among the key players in human response to
climate change is the alteration of cortisol and
adrenaline levels. In a small cohort of male
participants, an investigation of the cognitive
responses in correlation to heat exposure was
performed in the UK. In this study, the plasma
concentrations of the hormones; cortisol and
adrenaline were indicators of cognitive activity
in response to heat exposure. The affected
hormone levels were associated with a
deterioration in the routine central executive
tasks and perceptions of mood state with heat
exposure (McMorris et al., 2006).

2. The indirect impact of climate change:

a) The cycle of aggression and violence
breeds violence. A study has shown that some
male children who were abused at a young age,
grow up to become violent offenders
themselves. In this study, the violent behavior
later in life was linked to a genetic
polymorphism in  the neurotransmitter-
metabolizing enzyme monoamine oxidase. A
(MAOA) gene, which led to lower activity of
MAOA enzyme. This genetic risk factor was
represented in 12% of maltreated children,
however, they accounted for 44% of the total
convictions of violent crime. Besides, 85% of
the children who had both genetic and
environmental risk factors developed some
form of antisocial behavior (Caspi et al., 2002).
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Another study confirmed this positive
correlation between exposure to childhood
abuse and being a perpetrator themselves in
both males and females (Fagan, 2001).
Moreover, a study investigating the cycle of
violence showed that early childhood sexual
abuse and adulthood violent behavior were
positively correlated in male but not female
victims (Glasser et al., 2001).

b) Impact of a sedentary lifestyle on social
behavior and aggression. The impact of extreme
temperature, pollution, and natural disasters on
human physical activity was consistently
negative (Bernard et al., 2021), this physical
inactivity was especially worsened during the
COVID-19 Pandemic (Balanza—Martinez et
al., 2020; Dong et al., 2020; Lippi et al., 2020;
Stavridou et al., 2021). Consequently, it was
found that this sedentary lifestyle is associated
with increased aggression and anti-social
behaviors (Robertson et al., 2013; Georgiev &
Gontarev, 2019; Jochimek & Lada, 2019;
Garcia-Hermoso, Hormazabal-Aguayo, et
al., 2020; Bernard et al., 2021).

¢) Impact of Violent digital games & the
digital age on social behaviors and aggression.
“Climate change is forcing us indoors — and
childhood will never be the same, ‘Go out and
play’ was once the norm. Extreme weather is
making that harder” (Haspel, 2021).

Another concerning issue is that global
warming has made it consistently difficult to
maintain the fitness of children now and in the
foreseeable future due to extreme weather
conditions (Morrison, 2022). This has pushed
the children to an indoor lifestyle that in turn
promoted video gaming and increased screen
time (Garcia-Hermoso, Hormazabal-
Aguayo, et al., 2020). Video gaming has been
flourishing since it is inception in the eighties,
which has also increased during the COVID-19
pandemic (Haug et al., 2022).

To explain the association of online
gaming with behavioral changes, one must
elucidate two side effects of gaming. On one
hand, online gaming has been correlated with
increased aggression against others (Wallenius
et al., 2007; Shao & Wang, 2019), and
Attention  deficit hyperactivity disorder
(ADHD) behavior in children & adolescents
(Nikkelen et al., 2014). Nikkelen et al. proved
an association between a variant 5-HTTLPR
(serotonin-transporter-linked promoter region)
gene polymorphism and violent media use and
ADHD. 5-HTTLPR polymorphism has been an

important player in psychological behaviors
anxiety, implicit moral attitudes, and harmful
behaviors  (Martinez et al., 2020).
Additionally, gaming has been also implicated
in depressive symptoms (Canli & Lesch, 2007;
Frodl et al., 2010; Goldman et al., 2010),
which caused further deterioration in social
behavior and ultimately led to aggression and
violence. On the other hand, online gaming has
been correlated with self-harm and suicide
(Farhat et al., 2020; Fortsch et al., 2021; Hall
etal., 2022).

d) Impact of climate change on food
security. According to the UN Committee on
World Food Security, “Food security exists
when all people, at all times, have physical and
economic access to sufficient, safe and
nutritious food that meets their dietary needs
and food preferences for an active and healthy
life” (FAO, 2006). Scientists have been
concerned with the issue of biodiversity,
agricultural production, and food security for
years (Morton, 2007; Reidsma et al., 2010;
Vermeulen et al., 2012; Muluneh, 2021). In
agriculture, climate change has led to changes
in plant distribution where plants are expected
to expand and move to new territories that
would be favorable to their growth (Grabherr
et al., 1994; Kullman, 2002; Penuelas &
Boada, 2003; Van Der Putten, 2012). This
problem doesn’t affect agricultural biodiversity
per se, but it is true for zoology fields as well
(Muluneh, 2021). Therefore, this continuous
and destructive shift in the environmental
ecosystem will also have consequences. The
sacristy of resources and food insecurity which
are already known causes of violent behavior
will be observed more often in the upcoming
decades if no intervention is undertaken (Cohen
& Pinstrup-Andersen, 1999; Brick &
d’Errico, 2019). Moreover, the animal
kingdom has given evidence to implicate
climate change in the alteration of the genetic
and epigenetic processes in many species
(Weyrich et al., 2019). For instance, warming
the water habitat of one type of tropical fishes —
Julidochromis ornatus — lead to increased
aggression among them aiming to fight for
nutrition and their decrease in number (Kua et
al., 2020).

CONCLUSION

The direct correlation between climate
change and mental health, cognitive &
behavioral issues is undeniable. Likewise, the
correlation between mental health, cognitive &
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behavioral issues, and our molecular biology is
clear. However, international collaboration is
needed for an intentional generational
investigation and follow-up to correlate these
two arms together. If the fate of humankind's
evolution is left to randomly adapt and
acclimatize to the unnatural and unpredicted
rapid increase in global warming and climate
change, that will put our human species at risk
of extinction. Likewise, food security might not
be a global problem now, however, with the
unprecedented increase in temperature, our
food biodiversity will be at risk if climate
change is not controlled. Finally, strict
measures and punitive international regulations
must be placed to control the rate of increase in
global temperature and climate change.
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SIDs: Sudden Infant Deaths

UN: United Nations

CONFLICT OF INTEREST
The authors declare that they have no
competing interests".

FUNDING
Not Applicable

REFERENCES

Auger, N., Fraser, W. D., Smargiassi, A.,
Bilodeau-Bertrand, M., & Kosatsky, T.
(2017). Elevated outdoor temperatures
and risk of stillbirth. International Journal
of Epidemiology, 46(1), 200-208.
https://doi.org/10.1093/ije/dyw077

Auger, N., Fraser, W. D., Smargiassi, A., &
Kosatsky, T. (2015). Ambient Heat and
Sudden Infant Death: A Case-Crossover
Study Spanning 30 Years in Montreal,
Canada. Environmental Health
Perspectives, 123(7), 712-716.
https://doi.org/10.1289/EHP.1307960

Auger, N., Rhéaume, M. A., Bilodeau-
Bertrand, M., Tang, T., & Kosatsky, T.
(2017). Climate and the eye: Case-
crossover analysis of retinal detachment
after exposure to ambient heat.

Environmental Research, 157, 103-109.
https://doi.org/10.1016/J.ENVRES.2017.
05.017

Balanza—Martinez, V., Atienza—Carbonell,
B., Kapczinski, F., & De Boni, R. B.
(2020). Lifestyle behaviours during the
COVID-19 — time to connect. Acta
Psychiatrica Scandinavica, 141(5), 399.
https://doi.org/10.1111/ACPS.13177

Berger, D., Stangberg, J., Baur, J, &
Walters, R. J. (2021). Elevated
temperature  increases  genome-wide
selection on de novo mutations.
Proceedings of the Royal Society B,
288(1944).
https://doi.org/10.1098/RSPB.2020.3094

Bernard, P., Chevance, G., Kingsbury, C,,
Baillot, A., Romain, A. J., Molinier, V.,
Gadais, T., & Dancause, K. N. (2021).
Climate Change, Physical Activity and
Sport: A Systematic Review. Sports
Medicine, 51(5), 1041-1059.
https://doi.org/10.1007/S40279-021-
01439-4/FIGURES/3

Breton, C. V., Landon, R., Kahn, L. G,
Enlow, M. B., Peterson, A. K., Bastain,
T., Braun, J., Comstock, S. S., Duarte,
C. S., Hipwell, A., Ji, H., LaSalle, J. M.,
Miller, R. L., Musci, R., Posner, J.,
Schmidt, R., Suglia, S. F., Tung, I.,
Weisenberger, D., ... Fry, R. (2021).
Exploring the evidence for epigenetic
regulation of environmental influences on
child  health  across  generations.
Communications Biology 2021 4:1, 4(1),
1-15. https://doi.org/10.1038/s42003-
021-02316-6

Briick, T., & d’Errico, M. (2019). Food
security and violent conflict: Introduction
to the special issue. World Development,

117, 167-171.
https://doi.org/10.1016/J.WORLDDEV.2
019.01.007

Canli, T., & Lesch, K. P. (2007). Long story
short: the serotonin transporter in emotion
regulation and social cognition. Nature
Neuroscience 2007 10:9, 10(9), 1103-
1109. https://doi.org/10.1038/nn1964

Caspi, A., McClay, J., Moffitt, T. E., Mill, J.,
MArtin, J., Craig, I. W., Taylor, A., &
Poulton, R. (2002). Role of Genotype in
the Cycle of Violence in Maltreated
Children. Science, 297(5582), 651-854.

Chan,E.Y.Y., Lam,H.C. Y, So,S. H. W,,
Goggins, W. B., Ho, J. Y., Liu, S., &

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

Chung, P. P. W. (2018). Association
between Ambient Temperatures and
Mental Disorder Hospitalizations in a
Subtropical City: A Time-Series Study of
Hong Kong Special Administrative
Region.  International  Journal  of
Environmental Research and Public
Health, 15(4).
https://doi.org/10.3390/IJERPH15040754

Cilli, R., Elia, M., D’Este, M., Giannico, V.,
Amoroso, N., Lombardi, A., Pantaleo,
E., Monaco, A., Sanesi, G., Tangaro, S.,
Bellotti, R., & Lafortezza, R. (2022).
Explainable artificial intelligence (XAl)
detects wildfire occurrence in the
Mediterranean countries of Southern
Europe. Scientific Reports 2022 12:1,
12(1), 1-11.
https://doi.org/10.1038/s41598-022-
20347-9

Cohen, M. J., & Pinstrup-Andersen, P.
(1999). Food Security and Conflict. Social
Research, 66(1), 375-416.

Coulson, S., Dangendorf, S., Mitrovica, J. X.,
Tamisiea, M. E., Pan, L., & Sandwell,
D. T. (2022). A detection of the sea level
fingerprint of Greenland lce Sheet melt.
Science, 377(6614), 1550-1554.
https://doi.org/10.1126/SCIENCE.ABOO
926/SUPPL_FILE/SCIENCE.ABO0926 _
SM.PDF

Cullen, A. P. (2011). Ozone depletion and solar
ultraviolet radiation: ocular effects, a
United nations environment programme
perspective. Eye & Contact Lens, 37(4),
185-190.
https://doi.org/10.1097/1CL.0B013E3182
23392E

Desai, B. H., & Mandal, M. (2021). Role of
Climate Change in Exacerbating Sexual
and Gender-Based Violence against
Women: A New Challenge for
International Law. Environmental Policy
and Law, 51, 137-157.
https://doi.org/10.3233/EPL-210055

Devaskar, S. U., & Raychaudhuri, S. (2007).
Epigenetics — A Science of Heritable
Biological Adaptation. Pediatric Research

2007 61:7, 61(7), 1-4.
https://doi.org/10.1203/pdr.0b013e31805
cdbd8

Dietz, S., & Koninx, F. (2022). Economic
impacts of melting of the Antarctic Ice
Sheet. Nature Communications 2022 13:1,
13(1), 1-10.

https://doi.org/10.1038/s41467-022-
33406-6

Dong, H., Yang, F., Lu, X., & Hao, W. (2020).
Internet  Addiction and  Related
Psychological Factors Among Children
and Adolescents in China During the
Coronavirus Disease 2019 (COVID-19)
Epidemic. Frontiers in Psychiatry, 11,
751.
https://doi.org/10.3389/FPSYT.2020.007
51/BIBTEX

Echevarria-Lucas, L., Senciales-Gonzélez, J.
M., Medialdea-Hurtado, M. E., &
Rodrigo-Comino, J. (2021). Impact of
climate change on eye diseases and
associated economical costs. International
Journal of Environmental Research and
Public Health, 18(13).
https://doi.org/10.3390/1JERPH18137197
/S1

Eisele, F., Flammer, E., Steinert, T., &
Knoblauch, H. (2021). Aggressive
incidents in psychiatric hospitals on heat
days. BJPsych Open, 7(4).
https://doi.org/10.1192/BJ0.2021.33

Fagan, A. A. (2001). The gender cycle of
violence: Comparing the effects of child
abuse and neglect on criminal offending
for males and females. Violence and
Victims, 16(4), 457474,
https://doi.org/10.1891/0886-
6708.16.4.457

FAO. (2006). Changing Policy Concepts of
Food Security. FAO’s Agriculture and
Development Economics Division (ESA)
with support from the FAO Netherlands
Partnership, Programme (FNPP) and the
EC-FAOQ Food Security Programme. 2 (1-
4)

Farhat, L. C., Roberto, A. J., Wampler, J.,
Steinberg, M. A., Krishnan-Sarin, S.,
Hoff, R. A., & Potenza, M. N. (2020).
Self-injurious behavior and gambling-
related  attitudes, perceptions and
behaviors in adolescents. Journal of
Psychiatric  Research, 124, 77-84.
https://doi.org/10.1016/J.JPSYCHIRES.2
020.02.016

Fortsch, E. M. A. D., Baumgart, P,
Teismann, T., Ruscheweyh, R., &
Hasenbring, M. I. (2021). No game, more
pain - Examining possible long term
effects and underlying mechanisms of
habitual violent video gaming on the
acquired capability for suicide. Psychiatry

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

Research, 295.
https://doi.org/10.1016/J.PSYCHRES.20
20.113512

Frodl, T., Reinhold, E., Koutsouleris, N.,
Donohoe, G., Bondy, B., Reiser, M.,
Moller, H. J., & Meisenzahl, E. M.
(2010). Childhood stress, serotonin
transporter gene and brain structures in
major depression.
Neuropsychopharmacology : Official
Publication of the American College of
Neuropsychopharmacology, 35(6), 1383—
1390. https://doi.org/10.1038/NPP.2010.8

Garcia-Hermoso, A., Hormazabal-Aguayo,
I., Fernandez-Vergara, O., Olivares, P.
R., & Oriol-Granado, X. (2020).
Physical activity, screen time and
subjective well-being among children.
International Journal of Clinical and
Health Psychology, 20(2), 126-134.
https://doi.org/10.1016/J.1JCHP.2020.03.
001

Garcia-Hermoso, A., Hormazabal-Aguayo,
., Oriol-Granado, X., Fernandez-
Vergara, O., & Del Pozo Cruz, B.
(2020). Bullying victimization, physical
inactivity and sedentary behavior among
children and adolescents: A meta-
analysis.  International ~ Journal  of
Behavioral Nutrition and Physical
Activity, 17(1), 1-10.
https://doi.org/10.1186/S12966-020-
01016-4/FIGURES/3

Gatt, J. M., Nemeroff, C. B., Dobson-Stone,
C.,Paul,R. H., Bryant, R. A., Schofield,
P. R., Gordon, E., Kemp, A. H,, &
Williams, L. M. (2009). Interactions
between BDNF Val66Met polymorphism
and early life stress predict brain and
arousal pathways to syndromal depression
and anxiety. Molecular Psychiatry, 14(7),
681-695.
https://doi.org/10.1038/MP.2008.143

Georgiev, G., & Gontarev, S. (2019). Impact
of  Physical  Activity on  the
Aggressiveness, Deviant Behavior and
Self-esteem with School Children Aged
11-15. Journal of Anthropology of Sport
and Physical Education, 3(4), 21-25.
https://doi.org/10.26773/JASPE.191005

Gibney, E. R., & Nolan, C. M. (2010).
Epigenetics and gene expression. Heredity
2010 105:1, 105(1), 4-13.
https://doi.org/10.1038/hdy.2010.54

Glasser, M., Kolvin, 1., Campbell, D.,

Glasser, A., Leitch, I, & Farrelly, S.
(2001). Cycle of child sexual abuse: Links
between being a victim and becoming a
perpetrator. The British Journal of
Psychiatry, 179(6), 482494,
https://doi.org/10.1192/BJP.179.6.482

Goldberg, A. D., Allis, C. D., & Bernstein, E.
(2007). Epigenetics: A Landscape Takes
Shape. Cell, 128(4), 635-638.
https://doi.org/10.1016/j.cell.2007.02.006

Goldman, N., Glei, D. A., Lin, Y. H., &
Weinstein, M. (2010). The Serotonin
Transporter Polymorphism (5-HTTLPR):
Allelic  Variation and Links with
Depressive Symptoms. Depression and
Anxiety, 27(3), 260.
https://doi.org/10.1002/DA.20660

Gotlib, I. H., Joormann, J., Minor, K. L., &
Hallmayer, J. (2008). HPA axis
reactivity: a mechanism underlying the
associations among 5-HTTLPR, stress,
and depression. Biological Psychiatry,
63(9), 847-851.
https://doi.org/10.1016/J.BIOPSYCH.200
7.10.008

Grabherr, G., Gottfried, M., & Pauli, H.
(1994). Climate effects on mountain
plants. Nature 1994 369:6480, 369(6480),
448-448.
https://doi.org/10.1038/369448a0

Grant, J. E., Lust, K., Fridberg, D. J., King,
A. C., & Chamberlain, S. R. (2019). E-
Cigarette Use (Vaping) is Associated with
Ilicit Drug Use, Mental Health Problems,
and Impulsivity in University Students.
Ann  Clin  Psychiatry, 31(1), 27.
https://doi.org/10.17863/CAM.35760

Grinder, R. M., & Wiens, J. J. (2022). Niche
width predicts extinction from climate
change and vulnerability of tropical
species.  Global Change Biology.
https://doi.org/10.1111/GCB.16486

Hall, A. M., Glass, S. D., McDonald, W. A.,
Almond, N. B., & Doan, A. P. (2022).
Sleep  Deprivation and  Self-Harm
Associated With Excessive Gaming: A
Case Report. Military  Medicine.
https://doi.org/10.1093/MILMED/USAC
116

Haspel, E. (2021). Climate change is forcing us
indoors — and childhood will never be the
same - The Washington Post. The
Washington Post.
https://www.washingtonpost.com/outlook
/2021/07/23/climate-change-childhood/

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

Haug, E., Meland, S., Lehmann, S,
Bjerknes, R., Fadnes, L. T., Sandal, G.
M., & Skogen, J. C. (2022). Increased
Gaming During COVID-19 Predicts
Physical Inactivity Among Youth in
Norway—A Two-Wave Longitudinal
Cohort Study. Frontiers in Public Health,

10, 161.
https://doi.org/10.3389/FPUBH.2022.812
932/BIBTEX

Hirschberger, P. (2016). Study Forests Ablaze
Causes and effects of global forest fires (S.
Winter, Y. von Laer, T. Kbberich, & (all
WWEF), Eds.).

IPCC. (2018). Summary for Policymakers,
Global Warming of 1.5°C. In An IPCC
Special Report on the impacts of global
warming of 1.5°C above pre-industrial
levels and related global greenhouse gas
emission pathways, in the context of
strengthening the global response to the
threat of climate change. Cambridge

University Press.
https://doi.org/10.1017/9781009157940.0
01

Jochimek, M., & Lada, A. B. (2019). Help or
hindrance: the relationship of physical
activity with aggressiveness and self-
esteem in 16-year-old adolescents. Health
Psychology Report, 7(3), 242-253.
https://doi.org/10.5114/HPR.2019.86698

Kaka, H., Opute, P. A., & Maboeta, M. S.
(2021). Potential Impacts of Climate
Change on the Toxicity of Pesticides
towards  Earthworms.  Journal  of
Toxicology, 2021.
https://doi.org/10.1155/2021/8527991

Koch, C. A., Sharda, P., Patel, J., Gubbi, S.,
Bansal, R., & Bartel, M. J. (2021).
Climate Change and Obesity. Hormone
and Metabolic Research, 53(9), 575.
https://doi.org/10.1055/A-1533-2861

Kristensen, T. N., Ketola, T., & Kronholm, I.
(2020). Adaptation to environmental
stress at different timescales. Annals of the
New York Academy of Sciences, 1476(1),
5-22.
https://doi.org/10.1111/NYAS.13974

Kua, Z. X., Hamilton, I. M., McLaughlin, A.
L., Brodnik, R. M., Keitzer, S. C,,
Gilliland, J., Hoskins, E. A., & Ludsin,
S. A. (2020). Water warming increases
aggression in a tropical fish. Scientific
Reports, 10(2).
https://doi.org/10.1038/S41598-020-

76780-1

Kullman, L. (2002). Rapid recent range-
margin rise of tree and shrub species in the
Swedish Scandes. Journal of Ecology,
90(1), 68-77.
https://doi.org/10.1046/J.0022-
0477.2001.00630.X

Kuzawa, C. W., & Thayer, Z. M. (2011).
Timescales of human adaptation: The role
of epigenetic processes. Epigenomics,
3(2), 221-234.
https://doi.org/10.2217/EPI.11.11/ASSET
[IMAGES/LARGE/FIGUREA4.JPEG

Larrick, R. P., Timmerman, T. A., Carton,
A. M., & Abrevaya, J. (2011). Temper,
temperature, and temptation: Heat-related
retaliation in baseball. Psychological
Science, 22(4), 423-428.
https://doi.org/10.1177/09567976113992
92/ASSET/IMAGES/LARGE/10.1177_0
956797611399292-FIG1.JPEG

Leonard, W. R. (2015). Physiological
Adaptations to Environmental Stressors.
In Basics in Human Evolution (pp. 251-
272). Academic Press.
https://doi.org/10.1016/B978-0-12-
802652-6.00018-9

Lindenfors, P., & Tullberg, B. S. (2011).
Evolutionary Aspects of Aggression: The
Importance of Sexual Selection. In R.
Huber, D. L. Bannasch, & P. Brennan
(Eds.), Aggresion (Vol. 75, pp. 7-22).
Academic Press.
https://doi.org/10.1016/B978-0-12-
380858-5.00009-5

Lippi, G., Henry, B. M., & Sanchis-Gomar,
F. (2020). Physical inactivity and
cardiovascular disease at the time of
coronavirus disease 2019 (COVID-19).
Https://D0i.Org/10.1177/2047487320916
823, 27(9), 906-908.
https://doi.org/10.1177/20474873209168
23

Lovett, R. A. (2010). A warming Earth could
mean stronger  toxins. Nature.
https://doi.org/10.1038/NEWS.2010.593

Martinez, G. S., Imai, C., & Masumo, K.
(2011). Local Heat Stroke Prevention
Plans in Japan: Characteristics and
Elements for Public Health Adaptation to
Climate Change. International Journal of
Environmental Research and Public
Health, 8(12), 4563.
https://doi.org/10.3390/1JERPH8124563

Martinez, R. M., Chen, C. Y., Liao, T. T,

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

Cheng, Y., Fan, Y. T., Chou, S. H., &
Chen, C. (2020). The Multifaceted
Effects of  Serotonin  Transporter
Polymorphism (5-HTTLPR) on Anxiety,
Implicit Moral Attitudes, and Harmful
Behaviors. Frontiers in Psychology, 11,
1521.
https://doi.org/10.3389/FPSYG.2020.015
21/BIBTEX

Marzuk, P. M., Tardiff, K., Leon, A. C,,
Hirsch, C. S., Portera, L., Igbal, M. I,
Nock, M. K., & Hartwell, N. (1998).
Ambient temperature and mortality from
unintentional cocaine overdose. JAMA,
279(22), 1795-1800.
https://doi.org/10.1001/JAMA.279.22.17
95

McGuigan, K., Hoffmann, A. A., & Sgro, C.
M. (2021). How is epigenetics predicted
to contribute to climate change
adaptation? What evidence do we need?
Philosophical Transactions of the Royal
Society B, 376(1826).
https://doi.org/10.1098/RSTB.2020.0119

McMorris, T., Swain, J., Smith, M., Corbett,
J., Delves, S., Sale, C., Harris, R. C., &
Potter, J. (2006). Heat stress, plasma
concentrations of adrenaline,
noradrenaline, 5-hydroxytryptamine and
cortisol, mood state and cognitive
performance. International Journal of
Psychophysiology, 61, 204-215.
https://doi.org/10.1016/j.ijpsycho.2005.1
0.002

Moda, H. M., Filho, W. L., & Minhas, A.
(2019). Impacts of Climate Change on
Outdoor Workers and Their Safety: Some
Research Priorities. International Journal
of Environmental Research and Public
Health, 16(18).
https://doi.org/10.3390/IJERPH16183458

Morrison, S. A. (2022). Moving in a hotter
world: Maintaining adequate childhood
fitness as a climate  change
countermeasure.
Https://D0oi.Org/10.1080/23328940.2022.
2102375.
https://doi.org/10.1080/23328940.2022.2
102375

Morton, J. F. (2007). The impact of climate
change on smallholder and subsistence
agriculture. Proceedings of the National
Academy of Sciences of the United States
of America, 104(50), 19680-19685.
https://doi.org/10.1073/PNAS.070185510

4

Muluneh, M. G. (2021). Impact of climate
change on biodiversity and food security:
a global perspective—a review article.
Agriculture & Food Security 2021 10:1,
10(1), 1-25.
https://doi.org/10.1186/S40066-021-
00318-5

Murray, K. O., Clanton, T. L., & Horowitz,
M. (2022). Epigenetic responses to heat:
From adaptation to maladaptation.
Experimental Physiology.
https://doi.org/10.1113/EP090143

Nadeau, C. P., & Urban, M. C. (2019). Eco-
evolution on the edge during climate
change. Ecography, 42(7), 1280-1297.
https://doi.org/10.1111/ECOG.04404

Nations, U. (2022). Climate change
exacerbates violence against women and
girls | OHCHR. United Nations.
https://www.ohchr.org/en/stories/2022/07
/climate-change-exacerbates-violence-
against-women-and-girls

Nikkelen, S. W. C., Vossen, H. G. M.,
Valkenburg, P. M., Velders, F. P,
Windhorst, D. A., Jaddoe, V. W. V.,
Hofman, A., Verhulst, F. C., &
Tiemeier, H. (2014). Media Violence and
Children’s ADHD-Related Behaviors: A
Genetic ~ Susceptibility ~ Perspective.
Journal of Communication, 64(1), 42-60.
https://doi.org/10.1111/JCOM.12073

Norval, M., Lucas, R. M., Cullen, A. P., de
Gruijl, F. R, Longstreth, J., Takizawa,
Y., & van der Leun, J. C. (2011). The
human health effects of ozone depletion
and interactions with climate change.
Photochemical & Photobiological
Sciences: Official Journal of the
European Photochemistry  Association
and the European Society for
Photobiology, 10(2), 199-225.
https://doi.org/10.1039/c0pp90044c

Noyes, P. D., McElwee, M. K., Miller, H. D.,
Clark, B. W., Van Tiem, L. A., Walcott,
K. C., Erwin, K. N., & Levin, E. D.
(2009). The toxicology of climate change:
environmental contaminants in a warming
world. Environment International, 35(6),
971-986.
https://doi.org/10.1016/J.ENVINT.2009.0
2.006

Oladipo, O. G., Burt, A. F., & Maboeta, M.
S. (2019). Effect of Bacillus cereus on the
ecotoxicity of metal-based fungicide

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

10

spiked soils:  Earthworm  bioassay.
Ecotoxicology (London, England), 28(1),
37-47. https://doi.org/10.1007/S10646-
018-1997-2

Padhy, S. K., Sarkar, S., Panigrahi, M., &
Paul, S. (2015). Mental health effects of
climate change. Indian Journal of

Occupational and Environmental
Medicine, 19(2), 3.
https://doi.org/10.4103/0019-
5278.156997

Parry, L., Radel, C., Adamo, S. B., Clark, N.,
Counterman, M., Flores-Yeffal, N.,
Pons, D., Romero-Lankao, P., & Vargo,
J. (2019). The (in)visible health risks of
climate change. Social Science &
Medicine  (1982), 241, 112448.
https://doi.org/10.1016/J.SOCSCIMED.2
019.112448

Penn, J. L., & Deutsch, C. (2022). Avoiding
ocean mass extinction from climate
warming. Science, 376(6592), 524-526.
https://doi.org/10.1126/SCIENCE.ABE9
039/SUPPL_FILE/SCIENCE.ABE9039_
MDAR_REPRODUCIBILITY_CHECK
LIST.PDF

Penuelas, J., & Boada, M. (2003). A global
change-induced biome shift in the
Montseny mountains (NE Spain). Global
Change Biology, 9(2), 131-140.
https://doi.org/10.1046/J.1365-
2486.2003.00566.X

Pereznieto, P., Rivett, J.,, Le Masson, V.,
George, R., & Marcus, R. (2020).
Ending violence against children while
addressing the global climate crisis.

Rataj, E., Kunzweiler, K., & Garthus-Niegel,
S. (2016). Extreme weather events in
developing countries and related injuries
and mental health disorders - a systematic
review. BMC Public Health, 16(1).
https://doi.org/10.1186/S12889-016-
3692-7

Reidsma, P., Ewert, F., Lansink, A. O., &
Leemans, R. (2010). Adaptation to
climate change and climate variability in
European agriculture: The importance of
farm level responses. European Journal of
Agronomy, 32(1), 91-102.
https://doi.org/10.1016/J.EJA.2009.06.00
3

Robertson, L. A., McAnally, H. M., &
Hancox, R. J. (2013). Childhood and
Adolescent Television Viewing and
Antisocial Behavior in Early Adulthood.

Pediatrics, 131(3), 439-446.
https://doi.org/10.1542/PEDS.2012-1582

Romén-Palacios, C., & Wiens, J. J. (2020).
Recent responses to climate change reveal
the drivers of species extinction and
survival. Proceedings of the National
Academy of Sciences of the United States
of  America, 117(8), 4211-4217.
https://doi.org/10.1073/PNAS.191300711
7/SUPPL_FILE/PNAS.1913007117.SD1
5.XLSX

Schwartz, S. E. O., Benoit, L., Clayton, S.,
Parnes, M. K. F., Swenson, L., & Lowe,
S. R. (2022). Climate change anxiety and
mental health: Environmental activism as
buffer.  Current  Psychology (New

Brunswick, N.j.), 1, 1.
https://doi.org/10.1007/S12144-022-
02735-6

Shao, R., & Wang, Y. (2019). The relation of
violent video games to adolescent
aggression: An examination of moderated
mediation effect. Frontiers in Psychology,

10(FEB), 384.
https://doi.org/10.3389/FPSYG.2019.003
84/BIBTEX

Shea, K. M., Truckner, R. T., Weber, R. W.,
& Peden, D. B. (2008). Climate change
and allergic disease. Journal of Allergy
and Clinical Immunology, 122(3), 443-
453.
https://doi.org/10.1016/J.JACI.2008.06.0
32

Son, J. Y., Lee, J. T., & Bell, M. L. (2017). Is
ambient temperature associated with risk
of infant mortality? A multi-city study in
Korea. Environmental Research, 158,
748-752.
https://doi.org/10.1016/j.envres.2017.07.
034

Song, H., Kemp, D. B., Tian, L., Chu, D,
Song, H., & Dai, X. (2021). Thresholds of
temperature change for mass extinctions.
Nature Communications 2021 12:1, 12(1),
1-8. https://doi.org/10.1038/s41467-021-
25019-2

Stavridou, A., Kapsali, E., Panagouli, E.,
Thirios, A., Polychronis, K.,
Bacopoulou, F., Psaltopoulou, T.,
Tsolia, M., Sergentanis, T. N.,, &
Tsitsika, A. (2021). Obesity in Children
and Adolescents during COVID-19
Pandemic. Children 2021, Vol. 8, Page
135, 8(2), 135.
https://doi.org/10.3390/CHILDRENS8020

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry

11

135

Tafet, G. E., & Nemeroff, C. B. (2016). The

Tiihonen, J.,

UN.

links between stress and depression:
Psychoneuroendocrinological,  genetic,
and environmental interactions. Journal of
Neuropsychiatry and Clinical
Neurosciences, 28(2), 77-88.
https://doi.org/10.1176/APPI.NEUROPS
YCH.15030053/ASSET/IMAGES/LARG
E/APPI.NEUROPSYCH.15030053F3.JP
EG

Halonen, P., Tiihonen, L.,
Kautiainen, H., Storvik, M., &
Callaway, J. (2017). The Association of
Ambient Temperature and Violent Crime.
Scientific Reports, 7(1).
https://doi.org/10.1038/S41598-017-
06720-Z

(1992). United Nations Framework
Convention On Climate Change United
Nations. United Nations

United Nations, & Human Rights. (2019).

Impacts On Children Climate Change:
Protecting The Rights Of Children. United
Nations

van Daalen, K. R., Kallesge, S. S., Davey, F.,

Dada, S., Jung, L., Singh, L., Issa, R.,
Emilian, C. A., Kuhn, 1., Keygnaert, 1.,
& Nilsson, M. (2022). Extreme events and
gender-based violence: a mixed-methods
systematic review. The Lancet. Planetary
Health, 6(6), e504-e523.
https://doi.org/10.1016/S2542-
5196(22)00088-2

Van Der Leun, J. C., Piacentini, R. D., & De

Van

Gruijl, F. R. (2008). Climate change and
human skin cancer. Photochemical &
Photobiological ~ Sciences:  Official
Journal of the European Photochemistry
Association and the European Society for
Photobiology, 7(6), 730-733.
https://doi.org/10.1039/B719302E

Der Putten, W. H. (2012). Climate
Change, Aboveground-Belowground
Interactions, and Species’ Range Shifts.
Http://Dx.Doi.Org/10.1146/Annurev-
Ecolsys-110411-160423, 43, 365-383.
https://doi.org/10.1146/ANNUREV-
ECOLSYS-110411-160423

Vermeulen, S. J., Campbell, B. M., &

Ingram, J. S. I. (2012). Climate Change
and Food Systems. Annual Review of
Environment and Resources
doi.org/10.1146/ANNUREV-ENVIRON-
020411-130608

Veroude, K., Zhang-James, Y., Fernandez-

Von

Castillo, N., Bakker, M. J., Cormand,
B., & Faraone, S. V. (2016). Genetics of
aggressive  behavior:  An  overview.
American Journal of Medical Genetics.
Part B, Neuropsychiatric Genetics: The
Official Publication of the International
Society of Psychiatric Genetics, 171B(1),
3-43.
https://doi.org/10.1002/AJMG.B.32364
Uexkull, N., Croicu, M., Fjelde, H., &
Buhaug, H. (2016). Civil conflict
sensitivity to growing-season drought.
Proceedings of the National Academy of
Sciences of the United States of America,
113(44), 12391-12396.
https://doi.org/10.1073/PNAS.160754211
3/-/IDCSUPPLEMENTAL

Waddington, C. H. (1942). CH Waddington.

Endeavour.

Wallenius, M., Punamaki, R.-L., Rimpela,

A., Punaméki, R.-L., & Rimpela, A.
(2007). Digital Game Playing and Direct
and Indirect Aggression in Early
Adolescence: The Roles of Age, Social
Intelligence, and Parent-Child
Communication. J Youth Adolescence,
36, 325-336.
https://doi.org/10.1007/s10964-006-
9151-5

Weyrich, A., Lenz, D., & Fickel, J. (2019).

Environmental Change-Dependent
Inherited Epigenetic Response. Genes,
10(2).

https://doi.org/10.3390/GENES10010004

Zisis, E., Hakimi, S., & Lee, E. Y. (2021).

Climate change, 24-hour movement
behaviors, and health: a mini umbrella
review. Global Health Research and
Policy, 6(1).
https://doi.org/10.1186/S41256-021-
00198-Z

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 24 (4), December 2024



Tawfik & Shokry 12

thﬂ\ﬂ&*’uz\:\sw\ &) pandl) g el
SOSE e Ly 5 B sielen
3alEl dxala calall 4 GSY o gand) 5 oo Hdl) bl aud
L 515l 5 o slall diaall daaladl bl 40S 2SI o el 5 oo Hlll Clall 0

3 )y 5 Al Y g o gladl g gl Al e pFlal) s 50 e o gaall (e £ldl) 1) sl 138 Cangy
LS Jia ) Caiy g Liald )y Lisaa y Liba caglul (A s 5 gl 4Sms code dale 5o plidl s
sda ol Gl aay ALl g A1) el A e gl pall Gulia¥) e saall Ay sk cilda sl ae 5 53Y)
138 (1 58 den g oy (5 Jamall g anal) Gl 3 Lay ol gall o paadl e e Aagilld caglan] Lails s el
s Dhaall o sl Jie Ay plall (il e (g 22all o Ul i L8 3 Jald 3iat ol ja) w85 pmsall e il
Alaia) il 35 bl 3 jaldl &l 8 sl Conaall (e 436 GlD aa g o e 5 JUilaY) Alalaa el 5 Cainll 5
ald elly ) Aslal ) il o ) Aaladl g AEMAYT 2 5l ) il 0S50 3 seall 038 a5 5 Flidl il
& ball bl I G S 503l 51 ) Caads 885 dill e Ll el HE0al e 8 dalas Sa Y
Gl 5 QLY 80k 3o dai 51 Laa IS 5 ¢ LA alal Jlal G 5 el 5 Y st ST 8ln Jaai ) (50l Laa Ailaal) (SLaY)
il ye Al Uas Jiey 2l A3 Ll e al g S0 Ll s i ¢ 1580 aaiaall galaall &gl

A saall LS Ll

Egypt J. Forensic Sci. Appli. Toxicol. Vol 24 (4), December 2024



