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Abstract. This review systematically summarized and discussed the impacts of genetics and
geoscience on human behaviors, especially young people, and how human behaviors change the
geographic environment. In the review, some basic methodologies of genetic epidemiology
have been revisited. It also compared environmental influences with adaptive genetic influences
across various adolescent behaviors as examples. Pathways for the occurrence of genetic risks
arepresented in this review as well where issues not just in deviant behaviors but also in the
health issues mentally and physically. While geographic environment has impacts on the
behaviors of young people, human activities are one of the reasons for those changes as well.
Summaries and insights exhibited in this review can not only shed light on future research of the
impact of various human activity on the geographic environment, but also implies benevolent
activities human can take for the environment that consequentially benefit the growth of our
adolescents at both cognitive and body level.

Keywords: Impacts of genetics, adolescence behavior (drinking behavior), geographic
environment, geoscience, human activities.

1. Introduction

Adolescence is an important transition period characterized by physical and psychological changes, such
as growth spurts, brain development, and sexual maturation. However, it is also a time when adolescents
engage in risky behaviors. In this review, the genetic effects on adolescent behaviors was examined by
focusing on the literature related to alcohol use and misuse. Then, this review will summarize the studies
on how geographic factors affect the behaviors of young people and how human behaviors change the
geographic environment.

2. Genetic influences on human behavior

2.1. Basic methodology of genetic epidemiology

Several different methods are available to study genetic influences at present. Among them twin studies
were primarily utilized. Twin studies are a prominent method for studying genetic influences on
behavior [1] This choice is particularly relevant in the current research context due to the relatively low
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birth rate, making twin recruitment easier. The natural occurrence of twins (around 3 per 100 births)
facilitates their use in research [2].

Twins can be readily identified by registries of population-based [3] or record-based resources [4]
[5]. The ease of access makes twin studies a convenient design for exploring genetic influences on
behaviors. Core principle of twin studies concludes comparing the similarity of different twin types with
varying degrees of genetic relatedness [6]. Monozygotic twins share 100% of their genetic material and
almost identical environment, while dizygotic twins share 50% of their genes and a common
environment of family. By comparing the similarities between dizygotic twins and Monozygotic twins,
researchers can infer the relative importance of genes and environment. Greater similarity in MZ twins
compared to DZ twins suggests a genetic influence. Similar levels of similarity between MZ and DZ
twins imply shared environmental influences (e.g., family dynamics, schools, neighborhoods).
Imperfect similarity even in MZ twins indicates a role for unique environmental experiences.

Twin studies have been widely applied to investigate various human behaviors, including:

Psychopathology [7] [8]

Personality [9] [10]

Cognitive abilities [11] [12]

Even seemingly less intuitive behaviors like divorce [13]
Voting behavior [14] [15]

Well-being and life satisfaction [16] [17]

This widespread applicability highlights the notion often referred to as "the first law of behavior
genetics": all human behavioral traits likely have some degree of heritability, estimated to be around 50%
[18].

However, these static heritability estimates don't capture the dynamic interplay between genes and
environment throughout life. While genes influence virtually all aspects of human behavior,
understanding how these influences operate is crucial. The dynamic changes that occur during
adolescence make it a particularly important period for studying genetic effects. By focusing on
adolescent behavior, this review can gain valuable insights into the fundamental principles of how
genetic influences unfold. Figure 1 shows the changing involvement of genetic and environmental
influences across adolescence in the Finnish twins : genetic influences were increasingly important,
while environmental factors became less important [19] [20]
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Figure 1. Percentage of Genetic Influences versus environmental influences across adolescent behaviors
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2.2. Genetic influences change in importance across adolescence

Drinking alcohol is a common risk behavior among adolescents and a developmental phenomenon.
Cross-sectional and longitudinal studies of alcohol use reveal age-related patterns. Longitudinal studies
refer to long-term research which refer to the study of the same object over a certain period of time,
while cross-sectional research refers to the study of different objects at a certain point in time. Although
some children start drinking at an earlier age, alcohol use usually begins in adolescence [21]. Between
the ages of 12 and 21, the proportion of alcohol use and heavy intermittent drinking increased
significantly.

National surveys by SAMHSA [22] [23] show a significant increase in alcohol use among teenagers,
with levels rising steadily throughout adolescence and leveling off around age 21. This includes any
alcohol use, binge drinking (consuming a large amount of alcohol in a short period), and heavy use.
Similar trends are observed in the Monitoring the Future study, showing a substantial rise in binge
drinking prevalence from 8th to 12th grade. The frequency of binge drinking also increases during this
period.

Notably, data from theNSDUH survey [24] reveals arise in the average number of binges drinking
days for both genders, with a steeper increase for males. Adolescence is a critical time for the
development of alcohol problems. National data suggests arise in the prevalence of past-year alcohol
use disorder between ages 12 and 17, peaking in young adulthood (18-25 years old) [23]. Twin studies
reveal a fascinating shift in the impact of genes and environment on alcohol use throughout adolescence.
Data from Finnish twin studies [19] [25] showcases a dramatic change. Early adolescence sees
environmental factors playing a more significant role, likely influenced by family, school, and
neighborhood. As drinking becomes more regular, the influence of genes becomes increasingly
important across adolescence. Similar findings emerge from the Virginia Adult Twin Study [26],
showing a diminishing role for shared environment and a rise in genetic influence from ages 14 to 23.

Studies have identified specific genes (e.g., GABRA2 receptor gene, ALDH2) associating with
alcohol use in young adulthood but not necessarily earlier. Interestingly, these genes linked to adult
alcohol use might be connected to behavioral issues observed earlier in adolescence. Figure 2 shows
Changes in the effect of parental monitoring on smoking frequency in children aged 14 [27]. As parental
monitoring increases, genetic influences become less important, while common environmental
influences become more important.
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Figure 2. Proportion of variance comparing different influences (environmental vs additive genetic)
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2.3. Multiple pathways of genetic risk

Twin studies reveal that susceptibility to alcohol problems isn't solely related to alcohol dependence
itself. It often co-occurs with other mental health issues and externalizing behaviors like drug use, anti-
social behavior, and impulsivity [28] [29] [30].

Data from the Virginia Adult Twin Study suggests that up to 65% of genes influencing alcohol
dependence are also common to other disorders [28]. This "shared genetic susceptibility" likely involves
reward processing and behavioral control. The remaining 35% may be specific to alcohol dependence,
potentially affecting alcohol metabolism through genes like ADH andALDH2 [31] [32] [33].

Interestingly, longitudinal twin studies show a fascinating shift in the prominence of different genetic
effects throughout adolescence:

2.3.1. Early Puberty

Non-specific genetic factors related to externalizing behaviors (e.g., impulsivity) play a more significant
role in early puberty. This aligns with the earlier maturation of brain regions linked to reward-seeking
and impulsivity compared to those involved in cognitive control [34] [35].

2.3.2. Late Puberty and Adulthood

As the brain matures, substance-specific genetic factors related to individual responses to alcohol (e.g.,
sensitivity) become more important. Early substance use may be influenced by broader behavioral
tendencies, while regular use might depend more on specific reactions to the substance.

This pattern isn't unique to alcohol. Twin studies show similar trends with marijuana and nicotine
dependence [36].

This shift in genetic influence might parallel brain development. The earlier maturation of reward-
seeking regions could explain why general risk-taking behavior plays a larger role initially. Additionally,
the earlier cortical maturation observed in females [37] might explain why the importance of general
behavioral suppression genes declines earlier in females compared to males [38] [36].

The asynchronous development of the brain, with the striatum maturing earlier than the prefrontal
cortex, is linked to increased risk-taking behavior in adolescence [39]. This developmental model aligns
with the observed peak in the importance of general behavioral suppression genes during this period
[40].

2.3.3. Environment moderates the importance of genetic influences

Adolescence is a wealthy field for the study of gene-environmental interaction, because in this stage of
development, there have been many changes in the relevant environmental factors. This has become an
increasingly interesting research field. Progress has been made in the statistical modeling of these more
complex interactions [41] [42]. Twin studies show that in the presence of friends who use drugs [43]
and in environments with low parental monitoring levels, the genetic impact on adolescent drug use is
greater [27]. Figure 2 shows a huge change in the relative importance of genetic effects in different
environments using the data of the Finnish project of twin: at the extremely low end of parental
monitoring, the genetic effect plays the greatest role in affecting adolescent smoking, while in families
with a high degree of parental monitoring, the genetic effect is almost absent. The common factors of
environmental are the most important impact [27]. Similar effects have been proved for more
generalized behaviors: illegal peers [44], high negative feelings by parents, low parental warms [45],
and high patrilineal punitive discipline [46] lead to the higher impact of heredity on antisocial behavior,
and more general environmental adversity [47]. The influence at the social area or neighborhood level
has also been shown to mitigate the importance of genetic influence on the use of drug. In urban
environments, communities characterized by a large number of immigrants and communities with a
higher proportion of older adolescents/young people, the impact of heredity on alcohol use in late
adolescence and early adolescent behavior is enhanced [48] [49] [19]. These moderate effects may
reflect alcohol supply, a series of possible different examples, neighborhood stability, and differences
at the community level in different regions. The environment that regulates the genetic impact of
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adolescence seems to largely reflect different social controls and/or opportunities, leading to different
expressions of personal preferences [50]. In addition, the importance of different environments as
regulatory factors for genetic effects may vary according to the stage of development. There are some
signs in the data of Finnish data of twin, where parental monitoring showed significant moderating
effects on substance use beginning in early adolescence (14 years of age), and peer substance use
moderating effects until late adolescence (age 17 [43]).Similarly, the socioregional impact of easing
alcohol use in early adulthood shows no evidence of moderate alcohol use in the early stages of
adolescents [48]. Therefore, the study of the impact of heredity for adolescent behavior shows that
genetic factors can only be understood in the context of the environment, and these interactions may
also change during development.

2.4. Blurring the Lines: Genes, Environment, and Adolescent Behavior

It's argued that separating genetic and environmental influences is misleading [51]. Many
environmental factors, like family environment, peer relationships, and stressful life events, show
evidence of being partially influenced by genes themselves. This "heritability of environment" is
estimated to be between 15-35% [51]. As individuals, particularly adolescents with greater autonomy,
have more control over shaping their environment, this influence becomes more pronounced.

Twin studies illustrate how genes influence an adolescent's choice of peers [52] [8]. The impact of
genetic factors on peer group deviation increases throughout adolescence. While only explaining 30%
of the variance between ages 8 and 11, this influence rises to 50% by age 15 [53]. This suggests that
genetic predispositions may interact with increasing autonomy to shape an adolescent's social
environment, potentially influencing alcohol use.

Multiple methods are used to understand the genetic architecture of alcohol use, including:

o Linkage analysis: Identifying genomic regions shared within families affected by alcohol use [54]
[55].

e Candidate gene association studies: Testing specific genes potentially linked to alcohol use or
related behaviors [56].

¢ Genome-wide association studies (GWAS): Systematically scanning the entire genome for
associations with a phenotype.

Among these methods:

¢ Linkage analysis allows for unbiased genome-wide exploration but struggles with complex gene
interactions and environmental influences [57]. However, recent advancements in whole genome
sequencing analysis are showing promise [58].

o Candidate gene association studies are statistically robust but require a priori knowledge of
potentially relevant genes [59]. These studies can be conducted within families (testing associations)
or across families.

o GWAS combines the unbiased nature of linkage analysis with the statistical power of association
studies [60]. It leverages advancements in single nucleotide polymorphisms (SNPs) to scan the entire
genome for potential associations ([61] The International HapMap Project; The 1000 Genomes
Project). However, most SNPs have no clear impact, highlighting the importance of genetic diversity.

3. Environmental influences on the human body, cognition, and activity

The profound impact of the natural environment on human health and well-being is a subject of growing
concern across disciplines. As this review navigates the modern urban landscape, it becomes
increasingly important to understand the complex relationship between nature and our physical,
cognitive, and behavioral aspects. This article will delve into the impact of the natural environment on
the human body, cognition, and activity, supported by scientific research and illustrated by real- world
examples.
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3.1. Sunlight and vitamin D synthesis

Sunlight is an essential component of the natural environment and is the catalyst for vitamin D synthesis
in the human body which plays a key role in bone health, immune function, and overall health. People
living in areas with limited sunlight, especially during certain seasons, are more likely to be deficient in
vitamin D. For example, residents of northern European countries experience less sunlight in winter,
leading to higher rates of vitamin D deficiency.

3.2. Green space and stress relief

Green spaces, such as parks and forests, have been linked to reduced stress and improved mental health.
Incorporating greenery into urban environments can have a significant impact on reducing stress. Cities
like Singapore, for example, integrate lush green spaces such as Gardens by the Bay to provide residents
with a peaceful environment amid the city's hustle and bustle.

3.3. Cognitive recovery

The natural environment has a profound effect on cognitive function. Spending time in nature improves
focus and creativity while reducing mental fatigue. Forest environments, in particular, have shown
benefits for cognitive recovery. The Japanese Shinrin-yoku is a testament to conscious immersion in a
natural environment to improve cognitive function and emotional health.

3.4. Urban green space and sports activities

Access to green space in an urban environment has a direct impact on physical activity levels. It was
found that individuals who live in neighborhoods with more green space are more likely to participate
in physical activity on a regular basis. New York City's High Line, a converted elevated rail Line, is a
model of how urban green Spaces can be transformed into recreational corridors that encourage physical
activity and community interaction.

3.5. Waterfront and Social interaction

Proximity to natural bodies of water, such as rivers and lakes, has been linked to increased social
interaction and community cohesion. The Blue Health project explored the health benefits of "blue
spaces" and found that living near water was associated with higher levels of physical activity and
enhanced mental health. Vancouver’s seawall, ascenic passage along the waterfront, exemplifies how
urban planning uses natural elements to promote physical activity and social connections.

3.6. Relative humidity

Relative humidity can be expressed as a ratio. The degree to which the air is near saturation can be
reported as a percentage: if the relative humidity is 100%, then the air is saturated. However, if the
relative humidity is 50%, the air contains half of the water vapor needed to saturate it. It follows,
therefore, that as the amount of water vapor in the air increases, the relative humidity increases;
Conversely, if the amount of water vapor in the air decreases, the relative humidity of the air will also
decrease. However, relative humidity also depends on the temperature of the air. If the water vapor
content is flat and the temperature decreases, the relative humidity of the air will still increase.

3.7. Dew point

Dew point is a better humidity indicator than relative humidity because it is not a temperature- dependent
percentage. The dew point is the temperature at which the air must be cooled to saturation. Below the
dew point, water condenses from the air onto the surface. In the early morning, if the overnight
temperature drops below the dew point, the grass surface will be covered with water. When the humidity
is high, the dew point temperature is only a few degrees lower than the air temperature or equal to the
air temperature. In dry places, such as deserts in the Southwest, temperatures can be 50 or 60 degrees
above the dew point. In general, dew point is a more reliable indicator of humidity than relative humidity
because it is not affected by changes in air temperature and doesn’t fluctuate much throughout the day.
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3.8. Effects on human health and comfort

Temperature and humidity affect people's comfort and health. High humidity and heat mean there is
more moisture in the air, which further carries odor molecules, causing a considerable stench around
bacterial sources such as garbage in the summer. Recent studies have revealed links between humidity,
public health and temperature. In temperate regions of the world, humidity and temperature directly
affect the spread of influenza viruses. In temperate regions of each hemisphere, influenza activity
increases in winter. The colder it is outside, the more the flu virus flourishes. The relative humidity is
high in winter, but due to heating, the indoor relative humidity is relatively dry. Exposure to cold outdoor
air and dry indoor air increases the spread of the flu virus. Studies have shown that aerosolized influenza
viruses are more stable at lower relative humidity. At high temperatures, the half-life of the virus is
shortened and it is not easy to spread.

Changes in temperature and humidity can also lead to heart risks. Cardiovascular mortality increased
under low temperature and high humidity conditions. This may be due to high humidity affecting the
risk of blood clots, combined with the body's various cold stress responses. When this review uses
scientific articles to help you understand how humidity and temperature affect your health, you should
keep one important message in mind: there is no unique relationship between temperature and humidity.
However, at the same temperature, humidity changes a person's comfort level because humans are
sensitive to the amount of water vapor in the atmosphere.

In cold climates, outdoor temperatures reduce the ability of water vapor to move. So although it may
be snowing and the humidity is high relative to the temperature outside, once the air enters the building
and is heated, its new relative humidity will be very low, making the air very dry and causing discomfort.

4. Human impacts on environment

4.1. Climate change

The burning of fossil fuels (coal, oil, natural gas) is a primary source of greenhouse gases. Deforestation
and land-use changes related to fossil fuel exploration and extraction, refining, energy generation, and
industrial agriculture all contribute to the global carbon cycle disruption. Livestock production and
associated land use changes, including deforestation for grazing, are responsible for an estimated 18%
of global greenhouse gas emissions. Increased greenhouse gas concentrations lead to potentially severe
consequences, including: Changes in temperature and weather patterns (more frequent and severe
droughts, floods), Sea level rise, Ecosystem destruction.

4.2. Acid Deposition (Acid Rain)

Fossil fuel combustion releases pollutants that form sulfuric and nitric acids in the atmosphere. Acid
rain contaminates rivers, lakes, wetlands, and other aquatic ecosystems. It damages forests, depletes soil
nutrients, releases aluminum that harms soil fertility, and hinders water absorption by plants.

4.3. Ozone Depletion and the Ozone Hole

Observed since the late 1970s, ozone depletion mainly affects the polar regions (ozone holes). The
primary culprit is the use of man-made chemicals, particularly halogenated hydrocarbons used in
refrigerants, solvents, propellants, and foam blowing agents (ozone-depleting substances). Concerns
about increased risks of skin cancer, sunburn, cataracts, and other negative effects due to increased UV
radiation exposure led to the Montreal Protocol of 1987. This international agreement banned the
production of chlorofluorocarbons, halons, and other ozone-depleting substances.

4.4. Disruption of the Nitrogen Cycle

Nitrous oxide (N20) emissions from industrial processes, vehicles, agricultural fertilization, and
livestock contribute to nitrogen cycle disruption. N20 has along atmospheric lifetime (114-120 years)
and a potent greenhouse effect (300 times that of CO2). Disruptions in the nitrogen cycle can lead to
altered nutrient cycling and ecosystem health.
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4.5. Energy Consumption and its Environmental Impact

The reliance on fossil fuels for energy generation contributes to global warming and climate change.
Biodiesel, while a cleaner alternative to traditional diesel, still has environmental drawbacks. Requires
energy for its production. Emits higher levels of certain pollutants compared to diesel. Coal extraction
processes (drilling, blasting) release significant air pollutants. These pollutants can cause respiratory and
cardiovascular illnesses.

5. Conclusion

This review underscores the intricate interplay between genetics, geography, and human behavior,
particularly in the formative adolescent years. By examining the methodologies of genetic epidemiology
and contrasting genetic and environmental influences on adolescent behaviors, this study illuminates the
complex pathways through which genetic predispositions manifest in the context of specific geographic
environments. The findings suggest that while genetic factors contribute significantly to behavioral
outcomes, the geographic environment shapes these expressions, often in interactive ways. This research
not only deepens our understanding of human development but also provides a foundation for designing
interventions that optimize both genetic potential and environmental conditions, fostering healthier and
more productive adolescent outcomes.
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