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How Does Chronic Short-Form Media Consumption Destabilize Dopamine and Serotonin

Regulation in the Adolescent Brain?

Humans are fundamentally wired for social connection. For thousands of years, we
survived by forming tight-knit, physical communities. As technology advanced, from the written
word to the internet, we built global networks designed to scale that connection. On paper, a
21st-century ecosystem where anyone can connect instantly should be the peak of human social
evolution. Instead, it became a trap.

Today, tech conglomerates like Meta and ByteDance have weaponized this evolutionary
need. They use Al-driven algorithms engineered for one specific purpose: maximizing profit by
keeping users hooked. Adolescents are the perfect targets for this exploitation. During puberty,
the brain goes through massive structural changes, especially in areas like the prefrontal cortex
that handle emotional regulation. By hijacking dopamine pathways and social reward networks,
these platforms aren't just distracting teenagers. They are actively altering how their brains
develop.

The consequences go far beyond wasted screen time. Rather than curing isolation, social

media has engineered the loneliest generation on record. While events like the COVID-19
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lockdowns accelerated the mental health crisis, the root cause is the fundamental neural rewiring
driven by these apps. Social media exploits human isolation for profit, degrading an entire
generation's capacity for authentic connection and making deliberate behavioral intervention an
absolute necessity. To understand why this intervention is critical, we must first examine how
these platforms fundamentally alter adolescent neurobiology.

Chronic social media usage affects the brain’s structure, especially in adolescents. The
biggest changes can be observed among dopamine-mediated systems, most importantly the
reward system (De et al. €77145). The brain's reward system is a network of neural structures
(primarily the mesolimbic pathway) that reinforces survival-essential behaviors, such as eating,
socializing, and reproduction, by releasing dopamine to create pleasure, motivation, and learning
(“Neuroscience and Addiction™). Frequent exposure to social media has major effects on the
prefrontal cortex and amygdala (De et al. €77145). Those regions are responsible for what is
called emotional intelligence, making frequent social media users possibly sensitive, emotionally
unstable, or emotionally vulnerable. Specifically, De et al. explain that the sporadic
reinforcement schedules present on social media platforms mirror variable reward patterns
observed in behavioral addictions, repeatedly overactivating the amygdala while the still-
developing prefrontal cortex lacks the structural maturity to exert inhibitory control. Scrolling
and its potential to form negative habits are tied to our reward system, which, in its constant
pursuit of engagement, chooses small doses of dopamine when it achieves its goal.

The phenomenon of this constant pursuit of engagement can be defined as “dopamine
scrolling.” Dopamine scrolling is the habitual act of scrolling through social media feeds in

pursuit of novel, entertaining content (Sharpe and Spooner 190). The prefrontal cortex plays a
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major role in decision-making. Since it continues to develop until around the age of 25, people
younger than that are especially vulnerable to falling into this harmful loop, which may alter
their brain structure, as we will see later in the article.

Al-driven algorithms actively build the architecture of modern social media platforms;
their sole goal is to maximize the time spent by users on the platform to increase advertising
revenue. Companies like Meta prioritize algorithmic engagement over user well-being, directly
using the neurological brain’s vulnerability towards dopamine. By optimizing solely for profit,
these algorithms ruthlessly exploit the biological reward systems of their users, turning chemical
dependency into a business model.

While mature brains have the cognitive mechanisms to defend themselves from some of
these manipulations, the developing adolescent brain is vulnerable. The immaturity of the
adolescent prefrontal cortex leaves it defenseless against the rapid fluctuations in serotonin and
dopamine engineered by these platforms. Chronic social media use has been linked to a
measurable decrease in gray matter within the orbitofrontal cortex, a critical region responsible
for evaluating reward value, sensory information, and emotional responses. This structural
degradation disrupts cognitive development and correlates with growing rates of depression and
other mental disorders observed among teenagers (Masri-Zada et al.).

Already vulnerable towards substance use, teenagers are interacting with substance-
containing content on social media platforms, not because they choose to see it, but because the
algorithm shows it to them. This can be linked to higher substance use rates among teenagers in
recent years. Moreover, around 25% of all teenagers resemble symptoms of social media

addiction (Masri-Zada et al. 118). Chronic use of such platforms has been linked to increased



kabuc 4

rates of anxiety, depression, and emotional impulsivity and instability disorders. Social media
use affects structures related to reward processing. Its effect on those systems is similar to that of
substance addiction or gambling addiction. It mainly affects the mesolimbic dopaminergic
pathway, which involves the amygdala, prefrontal cortex, and nucleus accumbens. Masri-Zada et
al. note that these neuroadaptations closely mirror those observed in substance and gambling
addictions, including reduced dopamine receptor availability in the nucleus accumbens and
reduced prefrontal inhibitory signaling, meaning that the adolescent brain responds to habitual
social media use through the same tolerance-building mechanisms it would develop toward a
drug (Masri-Zada et al. 119—120). These shared neurological patterns make teenagers especially
vulnerable to compulsive behaviors.

Apart from having a major impact on dopamine levels, social media usage also affects
serotonin levels. Serotonin is a key neurotransmitter that regulates the brain's reward system. It
also acts as a growth factor during early development. Disruptions to serotonin pathways can
affect not only our perception of emotions but also the perception of stress, which indirectly
raises cortisol levels (Masri-Zada et al. 122). Because cortisol interacts with other hormonal
systems, chronically elevated levels have been associated with a range of physiological
consequences, including weight gain, high blood pressure, fatigue, and disrupted sleep. This
means the neurological damage of social media does not remain confined to the brain; it
cascades into the body, compounding the harm. Because serotonin functions not only as a mood
regulator but also as a neurotrophic factor actively guiding synaptic development during

adolescence, its chronic disruption does not only produce temporary emotional disturbance; it
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risks permanently altering the neural architecture on which future emotional and cognitive
functioning depends (Masri-Zada et al. 122).

A 2023 long-term study published in JAMA Pediatrics by Maza and colleagues at the
University of North Carolina at Chapel Hill examined how frequently checking social media
platforms like Facebook, Instagram, and Snapchat relates to brain development in adolescents.
The researchers studied the behavior and brain structure of 169 middle school students over three
years, using functional MRI scans to measure how their brains responded to the anticipation of
social rewards and punishments. Participants who habitually checked social media, defined as
more than fifteen times per day across platforms, showed a unique neurodevelopmental
trajectory in brain regions associated with emotional processing, motivation, and cognitive
control, including the amygdala, ventral striatum, insula, and dorsolateral prefrontal cortex.
These regions are responsible for: fear processing and emotional reactivity, motivation and
reward anticipation, self-awareness and empathy, and impulse control and long-term planning,
meaning that altered development in any one of them carries direct consequences for an
adolescent's daily emotional and social functioning.

The study found that habitual checkers initially showed lower neural sensitivity to social
feedback at age twelve compared to nonhabitual checkers, but over the following years their
brain activation in these regions increased significantly. Nonhabitual checkers, on the other hand,
showed a pattern of decreasing activation over time, a trajectory the researchers suggest might
reflect typical adolescent development. Crucially, the authors acknowledge that it remains
unclear whether social media use itself caused these divergent neural pathways or whether

preexisting differences in brain function predisposed certain adolescents to check social media
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more frequently. This uncertainty is important: it means the evidence, while strongly suggestive,
does not yet establish a simple one-directional causal arrow from social media to brain change.
What the findings do establish is that habitual social media engagement during early adolescence
is associated with measurably different neurodevelopmental trajectories, with potential
implications for emotional regulation and psychological adjustment (Maza et al. 160—67).

A 2021 meta-analysis published in JAMA Pediatrics by Racine and colleagues at the
University of Calgary examined the global occurrence of depression and anxiety among children
and adolescents during the first year of the COVID-19 pandemic. Drawing on twenty-nine
studies encompassing 80,879 youth worldwide, the researchers found that the pooled prevalence
of clinically elevated depressive symptoms was 25.2%, while clinically elevated anxiety
symptoms stood at 20.5%. Compared to pre-pandemic estimates of roughly 12.9% for depression
and 11.6% for anxiety, these figures represent an approximate doubling of youth mental health
difficulties.

The study also revealed that occurrence rates grew as the pandemic continued, with data
collected later in 2020 showing higher rates than data from earlier months. Girls and older
adolescents were found to be at greater risk for falling into this disorder. These demographic
patterns are notable given widely documented evidence that girls and older adolescents tend to
be among the heaviest and most emotionally invested users of social media platforms, a
convergence that, even in cases where direct causality is still being investigated, supports the
conclusion of a contributing relationship between platform involvement and declining mental
health. The authors attributed these increases to the cumulative effects of social isolation, school

closures, disrupted routines, and reduced access to school-based mental health services. The
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researchers emphasized that these findings point to an urgent need for intervention and recovery
efforts aimed at improving child and adolescent well-being, along with increased allocation of
mental health resources for young people (Racine et al. 1142—-1150).

This research poses a critical question to the thesis that social media directly impacts
adolescent brain structure: is the change in structure really caused by social media itself, or is it
caused by a wider effect known as the loneliness epidemic? According to the World Health
Organization, 1 in 6 people worldwide is affected by loneliness. But loneliness epidemics do not
happen out of nowhere; something had to trigger it. As previous research suggests, the loneliness
epidemic and depression might have been fueled by COVID-19-era lockdowns. The relationship
between social media and loneliness is more complex than simple cause and effect, and
intellectual honesty requires sitting with that complexity rather than flattening it. During the
pandemic, TikTok became by far the most frequently used app by adolescents, and the
neurological evidence presented by Maza and colleagues shows that habitual social media use is
associated with altered brain development in regions governing social connection and emotional
control. However, the Maza study itself cautions that the direction of causation is not yet settled:
it is possible that lonelier, more neurologically sensitive adolescents are vulnerable toward social
media, which then deepens the damage in a dopamine-driven feedback loop. What the combined
evidence does suggest is that social media is, at minimum, a powerful accelerant of the
loneliness epidemic rather than a mere symptom of it. The algorithmic design that maximizes
engagement by exploiting dopamine pathways does not passively reflect loneliness; it actively
deepens it by replacing authentic social interaction with a neurochemical substitute that leaves

users more isolated than before. The detox study by Calvert and colleagues reinforces this
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interpretation, finding that self-reported problematic behaviors such as comparing oneself to
others online were more predictive of poor mental health outcomes than total screen time alone.
This distinction is critical: it suggests that the specific behaviors algorithmically encouraged by
these platforms, not only the hours spent on a device, are what deepen the cycle of isolation and
psychological harm. Whether social media is the sole cause or one force within a larger system,
the case for intervention remains equally urgent.

Knowing the horrible impact these platforms have on mental health and neural circuitry, a
critical next step is determining whether these effects can be mitigated or reversed. To explore
this, a 2025 cohort study published in JAMA Network Open by Calvert, Cipriani, Dwyer, and
colleagues at Beth Israel Deaconess Medical Center investigated the effects of a one-week social
media detox on mental health in young adults. The researchers recruited 373 participants aged
eighteen to twenty-four, who first completed a two-week observational baseline period during
which their usage of Facebook, Instagram, Snapchat, TikTok, and X was passively monitored
through their smartphones. Of these participants, 295, roughly 79 percent, voluntarily opted into
the detox intervention. At baseline, participants were spending about two hours per day on these
platforms; during the detox week, that dropped to approximately thirty minutes.

The results were striking: over just one week, symptoms of depression decreased by
24.8%, anxiety fell by 16.1%, and insomnia dropped by 14.5%. However, the study also revealed
some new and shocking information; participants’ overall screen time did not decrease,
suggesting they simply redirected their phone use to other apps rather than putting their devices
down entirely. Additionally, Instagram and Snapchat proved the hardest platforms to quit, while

TikTok, Facebook, and X were easier to avoid. Those results carry legal significance as well,
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especially for Meta, as in 2023 this company was sued by a coalition of 32 attorneys over youth-
exploiting algorithms on their platforms. The researchers noted that self-reported problematic
behaviors, such as comparing oneself to others online, were more predictive of poor mental
health outcomes than total screen time alone, and they emphasized that the long-term durability
of these improvements still requires further investigation (Calvert et al. €2545245).

To reverse the neurological damage done by social media platforms, a complex
intervention strategy is required. Individual behavioral changes are the first line of defense. As
the detox study by Calvert and colleagues demonstrated, even short-term detox produced rapid
and measurable improvements in depressive symptoms, anxiety, and insomnia, confirming that
intentional dopamine fasting can yield neurological relief. However, personal responsibility
alone cannot defeat multibillion-dollar algorithms engineered to do the very thing: addict.
Institutional action is necessary. Schools must implement strict, stricter than now, phone-free
policies to create environments where the developing prefrontal cortex can function without
constant dopamine interruptions. On a broader scale, governments must enforce age-based
restrictions on habit-forming features like infinite scroll and autoplay, stripping tech
conglomerates of their most manipulative tools. As the ethical framework outlined by De et al.
suggests, the responsibility for addressing social media addiction cannot rest solely on individual
users when the addictive architecture is deliberately engineered at the corporate level,
institutional and regulatory intervention is therefore not an overreach but a proportional response
to a manufactured public health crisis. Going further, protecting youth from chronic social media
exposure should be understood as a shared societal obligation, one that extends from parents and

schools to the administrative bodies with the power to constrain corporate behavior.



kabuc 10

Ultimately, social media is not a neutral technology. It is an active structural modifier, a
multibillion-dollar business that thrives off of the adolescent brain. Evolution wired humanity to
seek social connection for survival, but modern tech companies weaponized that exact biological
drive. While global events like the COVID-19 pandemic accelerated the youth mental health
crisis, the crucial mechanism remains the algorithmic exploitation of the brain's reward circuit,
whether as a primary cause or as a powerful amplifier of existing vulnerabilities.

The high neuroplasticity of the adolescent brain is a double-edged sword. It makes
teenagers uniquely vulnerable to digital manipulation, but it also means the neurological damage
can be reversed with deliberate action. Society faces a definitive choice. We must aggressively
reclaim our cognitive autonomy through digital detox and strict regulation, or we will allow an
entire generation's neurological development to be permanently sacrificed for corporate profit,

making them vulnerable for their whole lives.
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