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1. EXECUTIVE SUMMARY 

1. Based on my education, training, and experience, as well as my systematic review 

of the relevant scientific literature and my analysis of other relevant materials, I offer the following 

opinions to a reasonable degree of scientific certainty:  

A. Defendants’ social media platforms cause problematic social media use and cause or 

contribute to cause other mental health harms among children and youth. 

i. The weight and totality of the evidence examined in my systematic literature 

review demonstrates that Defendants’ social media platforms cause or 

contribute to cause mental health harms to children and youth. 

ii. A Bradford Hill analysis of the relevant scientific evidence further 

establishes that Defendants’ social media platforms cause or contribute to 

cause mental health harms to children and youth. 

B. Social media use is driven by a combination of psychological, neurological, and 

technological factors, including but not limited to: 

i. Defendants’ social media platforms exploit the brain’s fundamental reward-

learning processes and promote frequent engagement using low-effort, high 

reward stimuli (e.g., likes, comments) and intermittent, variable rewards 

schedules (e.g., push notifications) to promote dopamine-driven 

reinforcement; 

ii. Defendants’ social media platforms exploit the evolutionary drive for social 

connection and acceptance by scaling social contact, converting social 

approval into quantifiable metrics (e.g., like counts), gamifying social 

interactions (e.g., Snapstreaks), leveraging social anxiety and fear of 

missing out, and amplifying social pressure; 

iii. Defendants’ social media platforms use algorithms to aggregate 

personalized experiences and present it in an infinite scroll format that lacks 

time or stopping cues and promotes excessive continued engagement; and 

iv. Defendants’ social media platforms capitalize on users’ limited capacity for 

emotional regulation and cognitive control by fostering patterns of 

compulsive and prolonged engagement, as users increasingly rely on social 

media engagement to modulate negative mood states. 
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C. Child and youth use of Defendants’ social media platforms causes or contributes to 

mental health harms via numerous pathways and mechanisms, including but not limited 

to negative social comparisons, displacement of behaviours that are protective of 

mental health, exposure to harmful experiences, social-emotional contagion, 

neurobiological and neurocognitive changes, and digital stress. 

D. Children and youth are especially vulnerable to the mental health risks presented by 

Defendants’ social media platforms due to the profound physical, social, behavioural, 

and neurobiological changes taking place during this critical developmental phase. 

i. Given the severe mental health risks described herein, it is my opinion that 

Defendants' social media platforms are not reasonably safe for children and 

youth. Defendants should have mitigated these dangers and should have 

fully informed parents, children and youth about the risks and dangers of 

their platforms. 

ii. Given the unique vulnerability of children and youth, Defendants' policies 

allowing users to join their platforms at age 13 are inappropriate, are 

contrary to the science, and have resulted in millions of vulnerable children 

and adolescents being exposed to an unreasonable risk of harm. 

iii. Defendants fail to meaningfully enforce their policies regarding minimum 

user age. 

iv. As a result of Defendants’ inappropriate policies for minimum user age, as 

well as their failure to meaningfully enforce those policies, Defendants have 

exposed millions of US children to an unreasonable risk of harm. 

E. Individual characteristics, including but not limited to sociodemographic, psychosocial 

functioning, personality traits, neurobiological factors, genetic influences, quality of 

social media use, digital literacy make some children and youth even more vulnerable 

to the mental health harms presented by Defendants’ social media platforms. 

F. Defendants knew or should have known that children and youth are more vulnerable to 

the mental health risks presented by their social media platforms. 

G. Defendants’ internal research and documents align with the opinions offered in this 

report. 
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2. BACKGROUND & QUALIFICATIONS 

2. I graduated with a Ph.D. in Health Psychology from Carleton University in Ottawa, 

Canada. My doctoral dissertation was in the area of body dysmorphia and eating disorders in high-

risk athletes. Upon graduation, I did a postdoctoral fellowship in behavioural medicine at the State 

University of New York at Buffalo under the supervision of Dr. Leonard Epstein, a clinical 

psychologist who is pre-eminently recognized for his clinical trials in childhood obesity and 

smoking (over 600 publications and $100 Million in peer reviewed grant funding at National 

Institutes of Health). I then returned to Ottawa and retrained for a 2.5-year period to become a 

registered clinical psychologist. In 2002, I was hired as a clinical scientist at the Children’s 

Hospital of Eastern Ontario Research Institute where I currently work as a Senior Scientist. At the 

University of Ottawa, I am a Professor of Pediatrics in the Faculty of Medicine, and cross-

appointed as a Professor in the School of Psychology, School of Human Kinetics, and School of 

Population Health. I am also an Adjunct Research Professor at Carleton University in the 

Department of Psychology. 

3. I have been supervising and training undergraduate and graduate students for 23 

years at both universities, having trained more than 40 undergraduates, and 26 graduate students 

in these departments, as well as 4 postdoctoral fellows. My research program has focused on 

psychosocial, behavioural and biological determinants of eating disorders, obesity and mental 

health in children and youth. I have also conducted many clinical trials examining novel 

behavioural and pharmacological interventions in youth presenting with obesity, as well as mental 

health challenges, including eating disorders. I have held more than $15 million dollars in peer 

reviewed funding as Principal Investigator and have published more than 200 peer-reviewed 

papers in strong behavioural science and medical journals. My google Scholar h-index is 60, my 

i10index is 153, and my research has been cited in academic research almost 18,000 times.  

4. I currently serve on the editorial board of two peer-reviewed journals in my area of 

research: 1) Mental Health and Physical Activity, and 2) Childhood Obesity. I have also reviewed 

over 200 prospective publications for other behavioural science and medical journals, including 

prestigious journals such as the Journal of American medical Association, and the Lancet. I am 

also an advisory board member for the Canadian Centre for Mental Health in Sport, and the 

Canadian Centre for Healthy Screen Use, as well as member of the digital task force at the 

Canadian Pediatrics Society.  

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 8 of 496



8 
 

5. Most germane to this case, I am recognized for my research on sedentary screen 

time, health and mental health in children and youth. I have conducted (and published) several 

clinical trials showing reductions in screen time led to improvements in health and mental health 

in children and youth. More recently, my laboratory was the first to conduct a randomized 

controlled trial in youth with anxiety and depression symptoms and showed widespread 

psychological benefits from reducing social media use, including less anxiety, depression, fear of 

missing out (FoMO), as well as increased sleep and improved body image (Davis & Goldfield, 

2024; Thai et al. 2023). In my career, I have published 32 papers on screen time and health and 

mental health, and at least 8 on social media and mental health indicators, with several more under 

review.  

6. I am a co-principal investigator of the CALM study, a large, 6-site longitudinal 

study ($6 million) aimed at discovering biological/genetic, psychosocial, familial, and behavioural 

predictors of trajectory changes, mechanism of change, and treatment responses in children and 

youth presenting for mental health care. With a proposed sample size of over 3,000 patients, it may 

be one of the largest and most comprehensive studies ever done in a clinical population of youth 

mental health. This collaborative scientific network involves more than 60 scientists from many 

disciplines, including basic scientists and genetic researchers, clinician trial methodologists, 

implementation science, epidemiologists, neuroscientists, pediatricians, psychiatrists, 

psychologists, social workers, and more. The role that social media plays in mental health 

trajectories, including interactive effects on the brain, cognition, and emotion and behaviour, and 

identifying characteristics that predispose harm will be a research question that my laboratory will 

personally address.  

7. I am also a Principal Investigator of an ongoing 15-year study examining the 

psychosocial, behavioural and sociocultural determinants in early adolescence predicting eating 

disorders, obesity, mental health and addictive behaviour in young adulthood (Research on Eating 

and Adolescent Lifestyle- REAL). We have published many papers from REAL showing adverse 

associations between screen time with mental health indicators, as well as disordered eating and 

obesity in youth. Our recent 15-year follow up will include behavioural addictions (including 

social media addiction) and substance use outcomes. Most longitudinal studies in the literature on 

social media and mental health and eating disorders span 1-year, so the REAL study provides a 

unique cohort to examine long term predictors of social media addiction, as well as the potential 
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bidirectionality of social media and mental health, and identify relevant mediators and moderators 

to better understand long term impacts, identify which characteristics increase/decrease risk, and 

why.  

8. Additional ongoing clinical studies in my laboratory include social media 

interventions in youth with internalizing disorders, extending my previous work in this area, as 

well as mindfulness intervention to reduce disordered eating and promote emotional regulation 

and well-being in adolescents with obesity. I also have experience with Phase 3 randomized, 

double-blind, placebo-controlled drug trials aimed at examining the effect of a dopamine reuptake 

inhibitor (Ritalin) on weight loss and mental health in youth with obesity and associated 

physiological and psychological mechanisms. This includes food reward/reinforcement, food-

impulsivity, disordered eating, and neurocognitive, sensory and behavioural, and psychological 

mechanisms. I’m also currently co-leading an industry-partnered phase 4 drug trial (Contrave) for 

weight loss and promotion of mental health and quality of life aimed at identifying neurobiological 

(fMRI, EEG), physiological, neurocognitive, psychosocial and behavioural mechanisms of action 

of this agent. 

9. Lastly, I have also been a practicing registered clinical psychologist for 23 years, 

providing assessment and therapy to children, adolescents, and adults across a wide range of 

mental health disorders, including, but not limited to, anxiety, depression, eating disorders and 

addiction, including social media addiction and video game addiction.  

10. Taken together, I believe my pediatric research and clinical expertise honed over 

25 years, indicates that I am well qualified to critically review the literature and draw evidenced-

based opinions regarding the causal relationship between social media use, including addictive 

use, and mental health and well-being, and academic performance in adolescents, the demographic 

with highest social media use. 

11. Additional information about my background, education, and experience is 

provided in my curriculum vitae, attached hereto as Exhibit A, which includes a list of all 

publications I have authored in the last 10 years. My fee schedule and testimonial history are 

attached as Exhibit B. 

3. ASSIGNMENT 

12. I have been tasked with conducting a comprehensive literature review to reach 

evidenced-based conclusions regarding the impact of social media use (SMU) on mental health 
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outcomes in children and adolescents. This review examines drivers (antecedents) of social media 

use and problematic social media use (PSMU), as well as mechanisms, and a myriad of 

developmental, sociodemographic, neurobiological, genetic, personality, and social vulnerabilities 

that either alone, or in combination, can amplify/buffer social media use harms. 

4. METHODOLOGY 

13. To address the potential causal role that social media and social media addiction 

play in mental health problems and maladaptive behaviours, two distinct, empirically and 

conceptually validated methodological approaches were applied. First, I conducted a systematic 

review of the literature spanning the past five years using pre-specified search terms following the 

PRISMA reporting guidelines for systematic review and meta-analyses. I elected to focus my 

review only on meta-analyses of observational (cross-sectional and longitudinal) and experimental 

studies because this a more robust quantitative and objective approach to estimating true effects 

compared to reviews that rely on narrative synthesis, which are more subjective in nature, thus 

more prone to bias. Many, but not all, meta-analytic reviews provided an evaluation of the quality 

of evidence and risk of bias using various validated methodologies, with most studies classified as 

moderate to high quality, strengthening my confidence in conclusions drawn. Second, based on 

the meta-analytic evidence presented and discussed, supplemented with additional research that I 

am aware of where relevant, and the studies cited in the meta-analyses, I applied a Bradford-Hill 

analysis. This is a validated epidemiological model designed to infer causality from correlational 

data based on 9 factors. My opinions and conclusions based on the evidence reported herein are 

based on the same scientific methods and standards that I apply in my research and scientific 

practice.  

4.1. OPERATIONAL DEFINITIONS 

14. This assessment is focused on children and youth, defined by the Centers for 

Disease Control and Prevention as the developmental period spanning ages 10-24 years (Centers 

for Disease Control and Prevention, 2019). In alignment with neurological and sociocultural 

evidence, which shows that the human brain, especially the prefrontal cortex responsible for 

decision-making, judgment, emotion regulation and impulse control, continues maturing into the 

mid-20s, the literature reviewed focused on studies with a mean age of up to 25 years (Sowel et 

al. 2003; Lotter et al. 2024, Casey et al. 2008).  
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15. Psychologically, this stage, often termed “adolescence and emerging adulthood,” is 

characterized by ongoing identity exploration, instability in residence and relationships, and a 

focus on self-development, distinct from established adulthood (Arnett, 2000). It is important to 

note that many meta-analyses combined adolescents and adults in their pooled analysis, making it 

impossible to separate these groups; however, the mean age in almost all meta-analyses ranged 

between 13-25 years, largely reflecting our target population, and the demographic with highest 

social media use.  

16. My assessment focuses on two primary exposures: social media use (SMU) and 

problematic social media use (PSMU). For SMU, I followed the definition proposed by Carr and 

Hayes (2015), aligned with Haidt (2024), viewing social media as internet-based platforms that 

enable mass-personal communication that is disentrained and persistent. These channels facilitate 

the perception of user-to-user interaction and derive their primary value from user-generated 

experiences. Social media platforms allow users to create personal accounts (often containing 

personal information and identity markers), interact with others within their network, and establish 

connections (e.g., friends, followers, subscribers) that influence their experience on the platform. 

Additionally, these platforms typically incorporate interactive features like commenting, liking, 

and sharing. Commonly recognized social media platforms that fall under this definition include 

Facebook, Instagram, Twitter/X, TikTok, Snapchat, YouTube, Reddit, and LinkedIn.  

17. Many studies in the literature use the term “problematic social media use” and 

“social media addiction” interchangeably, while a significant portion differ in their 

conceptualization and operationalization (Varano et al. 2023). Despite some studies using these 

terms interchangeably, there are important differences that relate to severity of symptoms that 

impair functioning based on a continuum. Problematic social media use refers to excessive and 

potentially harmful social media engagement that impairs daily life (i.e., school, work, 

relationships etc.) without necessarily exhibiting all the characteristics of a behavioural addiction. 

In contrast, social media addiction involves more widespread and severe impairment. Thus, PSMU 

is a broader term that encompasses social media addiction-related behaviours, and greater 

impairment, while still capturing mild to moderate symptoms and behaviours that lead to less 

extensive impairment. Although PSMU and social media addiction are not formally included in 

the of the Diagnostic and Statistical Manual of Mental Disorders-5th edition, researchers have 

proposed that it could fit under the category of “other specified disorders caused by addictive 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 12 of 496



12 
 

behaviour” in the 11th edition of the International Classification of Diseases (Brand et al. 2020; 

Fournier et al. 2023, Moretta et al. 2022). Like all addictive behaviour, those exhibiting multiple 

symptoms of behavioural addictions are at higher risk of progressing to more severe forms of 

addiction (van den Eijnden et al. 2016). PSMU is more widely used in the literature, and because 

it captures a broader scope of symptoms and impairment, which are typically measured 

continuously by several validated questionnaires, the term “PSMU” will be used in this report. 

18. PSMU questionnaires are based on addiction criteria as defined in the DSM-5 

(American Psychiatric Association, 2013), including salience, mood modification, tolerance, 

withdrawal, conflict, impairment and relapse (Shannon et al. 2022; Griffiths, 2005). Salience refers 

to an activity becoming a preoccupation in one's life, dominating thoughts and even experiencing 

cravings when not engaged in the activity. Mood modification refers to the resulting sensations 

after engaging in the activity, which can range from a “high” to a calming escape (e.g., self-

medication coping strategy). Tolerance refers to needing increased engagement in the SMU to 

achieve previous effects. Withdrawal refers to unpleasant emotional effects when the activity is 

stopped or reduced. Conflict refers to interpersonal problems or impairments in academic 

functioning or other negative impacts arising from the addiction. Relapse refers to reverting to 

previous behaviour patterns once the initial addictive behaviour has been ceased. Some PSMU 

questionnaires (e.g., Social Media Disorder Scale) have expanded the criteria to include 

persistence (continued use despite negative consequences), deception (concealing/deceiving 

others about extent of use), and displacement (displacing other important activities and health 

behaviours) (van den Eijnden et al. 2016). As discussed below, research suggests that PSMU shares 

behavioural neural features and mechanisms with substance use disorders (Aydin et al. 2020; Lee 

et al. 2021) and that social media users can experience cravings (salience) (Stieger & Lewetz, 

2018; Casale et al. 2021) and withdrawal, hallmark characteristics that maintain addictive 

behaviour (Kuss & Griffiths, 2012). 

19. The outcomes examined in this review are: (1) mental health, and (2) maladaptive 

behaviours. The CDC broadly defines mental health as a state of emotional, psychological, and 

social well-being that allows individuals to cope effectively with life's stresses, realize their 

abilities, learn and perform well (in school or at work), and contribute to their community (US 

Centers for Disease Control and Prevention, 2024). Within this framework, I include both (a) 

positive indicators of emotional and psychosocial well-being outcomes such as subjective well-
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being, happiness, and life satisfaction; and (b) negative indicators of mental health such as anxiety, 

depression, body dissatisfaction, suicide, self-harm, loneliness etc. Although positive and negative 

indicators of mental health are often moderately correlated, they represent conceptually and 

empirically distinct dimensions of mental health (Keyes, 2006). Each domain captures unique 

patterns of psychological functioning, developmental antecedents, and behavioural manifestations, 

and therefore necessitates separate analytic consideration to avoid conflating differential effects 

and to accurately characterize intervention impacts. 

20. Maladaptive behaviours refer to patterns of action or coping that inhibit an 

individual’s ability to adjust effectively to environmental demands or psychological stressors, 

often exacerbating cognitive, behavioural, emotional or functional impairments over time 

(American Psychological Association, 2018). Within this report, the focus is specifically on 

behaviours such as insufficient sleep duration or quality impairing daily function, disordered eating 

habits (i.e. dietary restriction or binge eating) that harm health, the hazardous or harmful use of 

psychoactive and non-psychoactive substances (i.e. tobacco), and acts of intentional self-harm, 

either suicidal or non-suicidal, used for affect regulation or self-punishment. These actions are 

deemed maladaptive due to their inherent potential to cause harm, impede adaptive living, and 

perpetuate cycles of distress. 

4.2. LITERATURE REVIEW 

21. The evaluation of the evidence was performed using a multisource approach, with 

particular emphasis on systematic reviews and meta-analyses, which provide the most robust and 

objective assessments of causal relationships between exposures and outcomes. These 

methodologies reduce bias and enhance the reliability of inferences compared to narrative 

synthesis. In addition to published meta-analytic reviews, a curated digital repository of high-

quality studies - compiled over years of research and scholarly engagement as a senior scientist - 

served as a major supplementary resource. This repository includes peer-reviewed literature as 

well as my own experimental and observational studies. 

22. Sections 5.1 (“Social Media Use Epidemiology”) and 5.2 (“Drivers of Social Media 

Use and Addiction”) will draw primarily from this curated repository. These chapters aim to 

present current prevalence estimates and synthesize frameworks that elucidate the behavioural, 

psychological, and structural mechanisms underlying SMU and its potential for addictive patterns. 

Particular attention is paid to the how the user-interface design features common to all social media 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 14 of 496



14 
 

platforms interact with neurobiology and behaviour to promote excessive use, addiction and 

psychosocial harms.  

23. To ensure inclusion of the most current evidence, a reproducible literature search 

was conducted in PubMed and PsycINFO, as these databases offer broad and complementary 

coverage of biomedical and psychological literature. PubMed provides access to clinically relevant 

and neuroscience-oriented studies, while PsycINFO focuses on psychological, cognitive, and 

behavioural research. I limited my search to reproducible reviews published in the past 5 years 

which encompassed the earliest and most current studies of SMU’s impact on youth mental health 

and maladaptive behaviours, published between 2010-2025.  

24. The search strategy is presented in Table 1. The first group of terms defines the 

exposure, using synonyms and platform-specific names (e.g., “social media,” “Instagram,” “online 

interaction") to ensure broad coverage. The second group outlines outcomes across three domains: 

cognitive and academic functioning (e.g., “executive function,” “academic performance"), 

behavioural patterns (e.g., “impulsivity,” “problematic smartphone use"), and mental health (e.g., 

“depression,” “anxiety"). The final group restricts results to secondary research ("review” OR 

“meta-analysis"). Boolean logic was applied to link concepts, using OR to capture term variation 

and AND to combine key constructs. The query was limited to title and abstract fields and filtered 

to include reviews and meta-analyses published in the past five years, aligning with PRISMA’s 

guidance on transparency and reproducibility.  

Table 1. Search Strategy for Resources Retrieved 

Groups Search Query 

Social media 

("social media” OR “social networking” OR “online social networks” OR “Facebook” OR 
“Instagram” OR “Twitter” OR “TikTok” OR “Snapchat” OR “Youtube” OR “social networking 
sites” OR “internet-based communication” OR “online interaction") 
AND 

Outcomes 
 

 

 

 

 

 

 

 

(("academic achievement” OR “academic performance” OR “educational attainment” OR “school 
performance” OR “neurodevelopmental disorders” OR “attention deficit hyperactivity disorder” 
OR “ADHD” OR “learning disabilities” OR “cognition” OR “cognitive development” OR 
“executive function” OR “memory performance” OR “working memory” OR “processing speed” 
OR “cognitive flexibility” OR “brain development” OR “language development” OR “problem-
solving skills” OR “attention” OR “impulsivity” OR “impulse control” OR “response inhibition” 
OR “hyperactivity” OR “cognitive control” OR “distractibility” OR “inattention” OR “task 
switching” OR “multitasking” OR “executive dysfunction” OR “delay discounting” OR “temporal 
discounting” OR “immediate reward preference” OR “delayed gratification” OR “intertemporal 
choice” OR “self-control” OR “reward sensitivity")  
OR  
("maladaptive behavior” OR “problem behavior” OR “risky behaviors” OR “risk behaviors” OR 
“impulsive behavior” OR “behavioral addiction” OR “problematic internet use” OR “compulsive 
social media use” OR “internet addiction” OR “nomophobia” OR “problematic smartphone use” 
OR “excessive screen time” OR “sleep disturbances” OR “sleep deprivation” OR “sleep” OR 
“substance use” OR “alcohol consumption” OR “binge drinking” OR “smoking” OR “vaping” OR 
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one million observations. Anxiety-related conditions such as generalized, social, and attachment 

anxiety – as well as depression symptoms and well-being indicators were the most frequently 

reported outcomes. Other commonly evaluated outcomes included sleep disturbances, such as 

changes in sleep duration and quality.  

31. A total of 8 meta-analytic reviews synthesized evidence from experimental studies 

investigating the causal impact of SMU on mental health/wellbeing (n=6) and body image 

outcomes (n=2), contributing 32 effect sizes derived from pooled samples exceeding 60,000 

observations. Most experiments focused on SMU reduction or abstinence interventions and 

targeted mental health indicators. These studies predominantly assessed changes in depressive 

symptoms and various dimensions of well-being following reduced exposure to social media. In 

contrast, two meta-analyses (4 effect sizes) examined the impact of experimentally manipulating 

exposure to social comparison on body image and eating disorder symptoms.  Given body image 

outcomes were not well investigated in the reduction/abstinence studies, I included several high-

quality recent interventions examining body image outcomes, including two randomized 

controlled trials from my laboratory.  

32. Among the meta-analytical reviews examined (i.e., combining observational and 

experimental meta-analyses), the majority focused explicitly or predominantly on samples 

comprised of children and youth, with mean ages between 10 and 25 years. In total, approximately 

71% (27/38) of the reviewed meta-analyses focused predominantly on children and youth. Out of 

the included meta-analyses, 20 conducted a methodological quality or risk of bias assessment. The 

most used instruments were the Newcastle-Ottawa Scale, and the Cochrane Risk of Bias Tool (RoB 

2.0), particularly for randomized controlled trials. Additional tools included the STROBE checklist 

for observational studies, the Downs and Black checklist for quasi-experimental designs, and the 

NHLBI Quality Assessment Tool.  

33. Exposures and outcomes measurements were heterogeneous – although mostly 

based on consolidated instruments. General SMU was typically assessed through self-reported 

frequency or duration metrics, such as daily hours of use. Some studies employed smartphone 

tracking applications for more objective assessments. Frequency and intensity of SMU was 

assessed in a minority of studies via questionnaires. PSMU, reflecting compulsive or addictive 

patterns of use, was commonly measured using validated scales such as the Bergen Social Media 

Addiction Scale (BSMAS) and the Social Media Disorder Scale (SMDS), which capture symptoms 
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aligned with behavioural addiction criteria as defined by the Diagnostic and Statistical Manual for 

Mental Disorders (DSM-5, American Psychological Association, 2013).  

34. Mental health outcomes included depression, anxiety, psychological distress, and 

wellbeing. These were frequently assessed using instruments such as the Center for Epidemiologic 

Studies Depression Scale (CES-D), the Patient Health Questionnaire-9 (PHQ-9), the Generalized 

Anxiety Disorder Scale (GAD-7), the State-Trait Anxiety Inventory (STAI), the Warwick-

Edinburgh Mental Wellbeing Scale (WEMWBS), and the WHO-5 Wellbeing Index. Body image 

and eating-related outcomes were measured using the Eating Attitudes Test (EAT-26), the Eating 

Disorder Inventory (EDI), and the Eating Disorder Examination Questionnaire (EDE-Q), which 

also capture body dissatisfaction and internalization of appearance ideals, in addition to disordered 

eating.  

35. Self-injurious thoughts and behaviours were primarily assessed through validated 

self-report instruments and national surveillance tools. Commonly used measures included the 

Suicidal Behaviors Questionnaire-Revised (SBQ-R), Suicidal Ideation Questionnaire – Junior 

(SIQ-JR), Suicide Probability Scale (SPS), and the Inventory of Statements About Self-Injury 

(ISAS). National surveys such as the Youth Risk Behavior Surveillance System (YRBS) and the 

Health Behavior in School-aged Children (HBSC) also contributed population-level data. Several 

studies used survey-based measures, typically assessing suicidal ideation, suicide attempts, or non-

suicidal self-injury through binary or frequency-based items. Most assessments referred to lifetime 

or past-year occurrences and were administered via self-report questionnaires.  

36. Sleep outcomes were assessed through self-reports of sleep quality, duration, 

latency, and disturbances. The Pittsburgh Sleep Quality Index (PSQI) and the Insomnia Severity 

Index (ISI) were amongst the most frequently used instruments, both of which are well validated. 

Cognition-based outcomes, particularly in child and adolescent samples, were measured using both 

questionnaires and performance tasks.  

37. Academic performance was most often measured by questionnaires assessing 

academic achievement, such as the Academic Achievement Scale (AAS), Assessment of Grade 

Point Average (AGPA), actual GPA, Academic Performance Scale, and a minority used actual 

report cards of grades, and performance on school-based standardized tests or final exams. 

Cognitive outcomes are presented in the mechanism section (not in tables) because they were not 

the focus of this report but nevertheless warrant discussion and analysis. Cognitive-behavioural 
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measures of cognition and executive functioning included instruments included the Strengths and 

Difficulties Questionnaire (SDQ), Child Behavior Checklist (CBCL), and Conners’ Rating Scales. 

A smaller number of studies employed performance tasks such as the Continuous Performance 

Task (CPT), Attentional Networks Test (ANT), and Matching Familiar Figures Test (MFFT), as 

well as actigraphy for tracking hyperactivity. 

4.3. BRADFORD HILL CAUSAL ASSESSMENT 

38. This report investigates whether social media use, particularly excessive or 

problematic patterns, causally contributes to adverse mental health outcomes among youth. To 

guide this assessment, I applied the Bradford Hill factors, a well-established set of nine principles 

commonly used in epidemiological research to evaluate causal relationships. These include: (1) 

strength of association, (2) consistency, (3) specificity, (4) temporality, (5) biological gradient 

(dose-response), (6) plausibility, (7) coherence, (8) experimental evidence, and (9) analogy. Each 

factor was independently evaluated using the existing body of evidence, which includes over 50 

systematic reviews, as well as recent high-quality longitudinal and experimental studies. My 

opinions consider both the quantity and quality of evidence, with attention to effect sizes, 

replication across settings, and risk of bias. While it is not necessary for all nine factors to be 

satisfied for causality to be inferred, the cumulative strength across multiple dimensions increases 

confidence in a potential causal relationship. The final assessment summarises the evidence 

relevant to each factor and provides a reasoned interpretation of whether, and to what extent, social 

media use contributes to mental health harms among youth. 

4.4. ADDITIONAL MATERIALS 

39. In addition to my analysis of peer-reviewed scientific publications, I reviewed 

transcripts and exhibits from depositions of current and former employees of the Defendant social 

media companies (i.e., Facebook, Instagram, Snapchat, TikTok, and YouTube), Defendants’ 

internal documents, data, and research, and other publicly available information relevant to the 

issues addressed in this report. The materials I reviewed and considered in forming my opinions 

are identified throughout this report and in Exhibit C. 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 20 of 496



20 
 

5. LITERATURE REVIEW 

5.1. SOCIAL MEDIA USE EPIDEMIOLOGY OVERVIEW 

40. Social media encompasses a range of online platforms designed to facilitate 

networking, experience sharing, and virtual interactions. These platforms originally fell into 

distinct categories, including social networks (e.g., Facebook, Instagram), media-sharing services 

(e.g., YouTube, Snapchat, TikTok), messaging applications, and discussion forums (Aichner et al. 

2021; Bhandari & Bimo, 2022; Gambo & Özad, 2020). While each platform had unique features—

Instagram and Snapchat prioritized visual images, Facebook focused on brief textual updates, and 

YouTube and TikTok centered on video sharing—they all enable users to establish profiles, 

connect with peers, and receive engagement feedback (e.g., likes, comments, shares). Facebook, 

Instagram, Snapchat, TikTok and YouTube are now a one-stop-shop for social networking, 

messaging, video/photo sharing, discussion, etc. Unlike traditional one-way media, social media 

is inherently interactive, reinforcing peer engagement, particularly among adolescents. 

41. Social media has become an integral part of adolescent life. A 2024 Pew Research 

Center survey found that nearly 95% of U.S. teens (ages 13–17) use at least one social media 

platform daily (Faverio & Sidoti, 2024). This rapid adoption has been facilitated by the near-

universal ownership of smartphones. The accessibility and intentional design of social media has 

led to prolonged engagement, with many adolescents checking apps frequently (up to 180 times) 

throughout the day and even during nighttime hours. Teens report daily usage of YouTube (73%), 

TikTok (57%), Instagram (50%) and Snapchat (48%) (Faverio & Sidoti, 2024). Sixty-two percent 

find themselves on Instagram almost constantly (Dixon, 2024). Across all five platforms, 46% of 

teens use at least one of these sites almost constantly (Vogels et al. 2022). 

42.  This surge in youth social media engagement has coincided with troubling trends 

in adolescent mental health which can lead to effects in their physical and social well-being. 

Beginning around 2012, after a period of stability in the early 2000s, rates of teen depression, 

anxiety, loneliness, self-harm, and suicide in multiple countries began to rise sharply (Twenge, 

2020; Twenge et al. 2019). Notably, these increases were most pronounced among girls – the 

demographic that also tends to use visual social media platforms most intensively (Twenge et al. 

2022). For instance, a 2021 CDC study revealed that nearly one in three high school girls had 

seriously considered suicide, marking a sharp increase compared to previous years (Canady, 2021). 

The lifetime prevalence of self-harm, suicidal ideation, and suicide attempts was 13.7%, 18%, and 
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6%, respectively (Lim et al. 2019). Moreover, longitudinal research indicates that about 75% of 

all adult mental illnesses begin before the age of 18, with roughly 35% starting before age 15 

(Caspi et al. 2020), demonstrating that early mental health challenges often persist into later life. 

Anxiety and depression are the most prevalent forms of mental health problems during adolescence 

(Georgiades et al. 2019), with prevalence of 13% among 12- to 16-year-olds, representing a 50% 

increase from 9% seen decades earlier, a shift that coincides with the boom of digital media/social 

media. Slightly higher rates of anxiety and depression are observed in youth (up to 24 years) (18%) 

using national statistics (Terlizzi & Zablotsky, 2024). Girls report a higher prevalence of these 

mental health conditions compared to boys (Georgiades et al. 2019). During adolescence, issues 

like body image, weight-related concerns, and disordered eating are also prevalent, with 

prevalence rates as high as 50% in girls and 30% of boys (Bornioli et al. 2019). Without 

intervention, the mental health issues emerging in adolescence will almost certainly lead to 

increased adult mental health problems. Such parallel timing between the smartphone/social-

media era and deteriorating adolescent mental health indicates that the two phenomena are 

connected (Twenge, 2020). 

43. Many adolescents view social media as a space for connection and creativity, yet a 

substantial number of them report negative emotional experiences tied to its use. Approximately 

38% of teens feel overwhelmed by the “drama” they encounter online, while nearly one-third 

report feelings of exclusion by friends and pressure to post material that garners likes or comments 

(Anderson et al. 2022). Another study shows some teens often feel pressure to be constantly online 

and be up to date (Brandes & Levin, 2014). Furthermore, about 23% of teens state that social media 

makes them feel worse about their own lives (Anderson et al. 2022), causes additional stress, and 

an exacerbated sense of emptiness or loneliness (Brandes & Levin, 2014). The instant connectivity 

to Facebook has users expecting immediate responses and when that response does not come, they 

are overcome by sadness (Brandes & Levin, 2014). These adverse experiences are particularly 

pronounced among teen girls, who are more likely than boys to feel excluded or worse about their 

lives due to social media. This is in part due to sex differences in adolescents’ participation, with 

girls using social media more frequently than boys (Statistic Canada, 2023). Girls face heightened 

pressure to curate their online personas meticulously to avoid embarrassment or criticism 

(Anderson et al. 2022; Jong & Drummond, 2016). These findings based on academic research are 

remarkably similar to results based on internal research from Meta (formerly Facebook), which 
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also revealed concerning patterns, with many teen users - especially girls - reporting that Instagram 

exacerbates body image issues (Wells et al. 2021).  

44. The temporal overlap between rising social media use and deteriorating adolescent 

mental health is further evidence of a causal link. Forty-one percent of teens with the highest social 

media use rate their overall mental health as poor or very poor compared with 23% of those with 

the lowest use rate (American Psychological Association, 2024). Social media exposes youth to 

risks such as intense social comparison and compulsive behaviours driven by platform features 

designed to maximize user engagement (Pera, 2020). These risks are particularly concerning given 

that adolescence is a critical developmental period characterized by heightened sensitivity to peer 

validation, identity formation, and significant neurophysiological changes (Orben, 2020). 

5.1.1. PROBLEMATIC SOCIAL MEDIA USE 

45. While mild levels of social networking can be benign or even beneficial, 

researchers have identified a concerning pattern known as problematic social media use (PSMU), 

often referred to as social media addiction. This condition, which mirrors behavioural addiction is 

characterized by excessive, compulsive use of social media that interferes with daily life, 

school/work, or relationships, and causes distress when restricted (Sun & Zhang, 2020; Meng et 

al, 2022; Chen et al. 2020; Griffiths, 2005; Bányai et al. 2017). Although PSMU is not formally 

included in the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders, it is a 

well-recognized mental health harm and researchers have proposed that it could fit under the 

category of “other specified disorders caused by addictive behaviour” in the 11th edition of the 

International Classification of Diseases (Brand et al. 2020; Fournier et al. 2023, Moretta et al. 

2022). 

46. Similar to internet addiction, it is measured by scales adapted from diagnostic 

addiction criteria (e.g., salience, mood modification, tolerance, withdrawal symptoms, conflict and 

relapse) applied to the social media context (Zarate et al. 2023; Shannon et al. 2022; Andreassen 

& Pallesen, 2014). Salience refers to when a particular activity becomes the most important 

activity in one’s life, and use persists despite negative consequences. It dominates one’s thinking, 

even when not engaging in it. Mood modification is the resulting sensations that individuals report 

after engaging in a specific activity, ranging from a “high” or “buzz” to a calming sense of escape, 

relaxation or emotional numbing. Tolerance represents an increased amount of the activity needed 

to achieve effects that were previously felt in past use. Withdrawal symptoms are the unpleasant 
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effects experienced when the activity is stopped or suddenly reduced. Conflict refers to the 

interpersonal conflict that arises between the individual struggling with the addiction and the 

people around them. Finally, relapse describes the tendency for individuals to revert to previous 

behavioural patterns, even after prolonged periods of abstinence or controlled use (Griffiths, 2005). 

Research suggests that PSMU and substance use disorders share similar neural mechanisms (Aydin 

et al. 2020; Lee et al. 2021), with problematic social media users experiencing cravings (Stieger 

& Lewetz, 2018; Casale et al. 2021).  

47. Numerous studies link PSMU to adverse mental health outcomes: higher levels of 

depression, anxiety, lower self-esteem and well-being, and greater loneliness have been reported 

among those with addictive or problematic use patterns (Shannon et al. 2022; Ansari et al. 2024). 

In fact, a recent meta-analysis found that problematic social media use is a stronger predictor of 

depressive symptoms than time spent on social networking overall (Shannon et al. 2022). This 

suggests it is not just how long youth spend on social media, but how they use it (and whether use 

becomes problematic) that determines risk. Another meta-analysis found a strong positive 

correlation between social anxiety and PSMU (Wu et al. 2024) and suggested that frequent 

communication on social media weakens an individual’s offline support system and 

communication skills, making them prone to developing social anxiety. As discussed in more detail 

below, younger users are especially vulnerable to developing PSMU, since social media usage 

peaks during a life stage when identity and social status are in flux and brain circuits governing 

impulse control and self-regulation are still maturing (Shannon et al. 2022; Crone & Konijn, 2018). 

Problematic use can manifest in youths’ inability to disengage from apps, neglect of offline 

activities, and feel distress when disconnected (Shannon et al. 2022).  

48. According to a recent systematic review and meta-analysis, the global prevalence 

of PSMU, defined as moderate–to-severe symptomatology on validated SMU addiction scales, 

among adolescents is 35% and 23% among youth, with a pooled prevalence rate across all ages in 

North America of 15%. (Cheng et al. 2021). Although adolescents in North America will likely 

have a higher prevalence than that pooled across all ages, even at the lower end of 15%, and given 

the epidemiological research shows that 95% of youth own smartphones in Canada and the US 

(Anderson et al. 2023), this conservatively translates to at least 11 million American adolescents 

and youth who meet criteria for PSMU (US Census Bureau, 2020).  
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5.2. DRIVERS OF SOCIAL MEDIA USE 

49. Several psychological and neurobiological mechanisms interact with social media 

design features, many of which are common across platforms, that have been demonstrated to 

drive high and problematic social media use. The social media features described herein actively 

shape and sustain engagement by exploiting developmental vulnerabilities to maximize attention 

and reinforce usage patterns. In this way, social media features – not content – compel excessive 

engagement.  

5.2.1. DOPAMINE-DRIVEN REINFORCEMENT 

50. Dopamine is a neurotransmitter that plays a key role in the central nervous system, 

regulating executive function, arousal, motor control and reward. Pleasurable experiences, whether 

induced by behaviour or substances, activate the brain reward system, which responds by a 

releasing dopamine and its pleasurable effects. Earlier research, which found that dopamine 

governs pleasure/reward, is supplemented by more recent research demonstrating that it is central 

to motivation, habit formation, and reward learning (i.e., reinforcement). Researchers have 

recently focused on how motivational drive leads to behaviours that activate the reward system 

and release dopamine, resulting in dopamine being commonly referred to as the “molecule of 

more” (Lembke, 2021; Lieberman & Long, 2018). It is not surprising, then, that decades of basic 

science research in animals and humans indicates that dopamine plays a critical role in the 

development of addiction, both behavioural and substance-related, via common mechanisms and 

processes (Solinas et al. 2019).  

51. Social media platforms exploit fundamental reward-learning processes in the brain 

with frequent, low-effort, high-reward stimuli and intermittent/unpredictable reward schedules that 

promote and reinforce habitual engagement by hijacking the brain’s natural reward pathways and 

leading to patterns of problematic use that resemble other behavioral addictions (Flayelle et al. 

2023). Maza et al. (2023) showed that frequent phone checking in adolescence results in increased 

reward drive and less impulse control over time. Meshi et al. (2013) found that individuals who 

show greater nucleus accumbens activity in response to social rewards tend to use social media 

more, suggesting a reinforcement loop where the brain’s sensitivity to online social validation can 

predict and perpetuate heavier use. The highly reinforcing nature of social media is illustrated in a 

laboratory study that found youth worked significantly harder to get access to social media than 
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access to palatable (i.e., high-fat, high-sugar) snack foods (O’Donell & Epstein, 2021). This is a 

striking finding given palatable food and sugar have been previously shown in animals and humans 

to be so reinforcing that they compete with drugs of abuse (Berridge, 2012; Salamone & Correa, 

2012). 

52. Reinforcement from social media is often provided on an intermittent schedule, 

wherein unpredictable variations in social feedback enhance habitual engagement. Notifications 

and alerts that prompt repeated engagement leverage the variable timing of cues and rewards to 

reinforce compulsive checking behaviors. Over time, these design elements shape habitual 

engagement, with users increasingly conditioned to seek stimulation through social media as a 

default response. These design choices parallel the mechanisms implicated in the development and 

maintenance of addictive behaviors such as substance use and gambling (Zenone et al. 2022).  

53. In a study designed to identify indicators of smartphone addiction through user-app 

interaction, Noe et al. (2019) examined this relationship in an intensive investigation over 8-weeks 

using technology to objectively track taps, keystrokes, SMU frequency, etc. Results showed that 

among 20 app categories tested (e.g., games, music, navigation, sports, travel, social media, 

lifestyle (dating), communication (messenger), only user interaction with lifestyle apps (r=0.45, 

P>0.001) and social media apps (r=0.421, p<0.001) significantly correlated with smartphone 

addiction (measured by the Smartphone Addiction Scale). Further analysis revealed that within 

social media apps, objectively quantified use of Facebook, Instagram and Snapchat all showed 

significant correlations with smartphone addiction, with Snapchat showing the strongest and most 

robust correlations across genders (males, r=0.326, p=0.06, females, r=0.558, P=0.002). Noe et al. 

(2019) ultimately determined that, unlike other smartphone apps, smartphone addiction is 

primarily driven by high social media use. 

54. Children and adolescents, whose developing brain reward systems are particularly 

sensitive to social reinforcement, are especially susceptible to these dopamine-driven feedback 

loops (Jaworska & McQueen, 2015). Repeated engagement with SMU conditions an automatic 

response that fosters habitual social media use even in the absence of conscious intention or 

awareness. This psychological process, known in the addiction literature as incentive salience or 

incentive learning, (Berridge, 2012; Cameron et al. 2017; Salamone & Correa, 2012) is a potent 

etiological process in the development and maintenance of addictive behaviours (Salamone & 

Correa, 2012).  
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5.2.2. SOCIAL VALIDATION DYNAMICS 

55. Human beings are evolutionarily hard wired for social connection and acceptance, 

which was essential for survival during the time of our hunting and gathering ancestors (Young, 

2008; Krach et al. 2010). Peer acceptance and validation is more important during adolescence 

than at any other life stage (Jaworska & MacQueen, 2015). Peer acceptance functions as a primary 

reward, and social media platforms capitalize on this in numerous ways, including scaling and 

gamifying social interaction (e.g., Snapstreaks) and converting social approval into quantifiable 

metrics (e.g., like counts, comment counts) (Bradley et al. 2019; Shabahang et al. 2022).  

56. Empirical research suggests that individuals quickly adapt their online behavior to 

maximize social rewards by, e.g., selectively curating feeds, taking copious selfies, and spending 

hours creating and editing posts to elicit positive feedback (Lindström et al. 2021; Ozimek et al, 

2023). Neuroimaging research shows that seeing many “likes” on one’s own photo triggers strong 

activation in the nucleus accumbens and other dopamine-associated reward regions in adolescents 

(Sherman et al. 2016). Conversely, negative experiences, (e.g., lack of responsive engagement) 

can provoke anxiety and drive compulsive checking behaviors as young people become 

preoccupied with mitigating social harm. 

57. Noe et al. (2019) surmised that Snapchat’s gamification features promote high 

frequency usage by incentivizing users to increase their engagement by sending new material, 

responding to messages to others, and maintaining Snapstreaks. For example, “friend emojis” 

appear besides users’ friends’ names only if they snap each other regularly and when feedback is 

provided on when the material has been consumed by the recipient (Noe et al. 2019). Another 

study focused solely on the psychology of Snapstreaks found many instances of users sending 

images with black screens or simple messages, such as “good morning” or “good night” 

highlighting the motivational properties of gamification, compelling users to engage with the app 

(Hristova et al. 2022). This study also provides evidence that quantifying users’ interactions 

increases investment in maintaining streaks, with motivation to maintain streaks growing stronger 

the longer the streak has been maintained (Hristova et al. 2022). Not only do these gamification 

features promote frequent user engagement, they also promote addiction (Noe et al. 2019; Hellman 

et al. 2013). 

58. Moreover, social media features that impose social obligations (e.g., “Snapstreaks” 

and real-time messaging) further reinforce habitual engagement by creating perceived penalties 
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for disengagement. Over time, these reinforcement cycles cause SMU to become an entrenched 

habit and returning to the app becomes an automatic response to free moments, leading to increased 

overall SMU (Noe et al. 2013). 

59. Adolescents with higher social anxiety and fear of missing out (FoMO) are 

particularly vulnerable to these reinforcement loops, exhibiting patterns of excessive use to ensure 

they feel socially included in the peer group and avoid feeling “out of the loop” (Jo & Baek, 2023). 

Indeed, FoMO has long been empirically known to be a strong driver of social media use 

(Przybylski et al. 2013; Davis & Goldfield, 2024). This indicates that self-presentation and peer 

feedback loops (i.e., posting material and awaiting reaction) are key mechanisms driving 

engagement. 

5.2.3. ALGORITHMIC AGGREGATION AND AMPLIFICATION CONTENT 

60. Defendants’ social media platforms deploy sophisticated algorithms that 

personalize their information feeds to guide use. Studies show that these algorithms often 

aggregate and amplify material and that provokes strong emotional reactions, which sustains 

prolonged engagement (Lauer, 2021). This mechanism creates “engagement traps,” wherein users, 

including vulnerable adolescents, are exposed to increasingly extreme experiences (Konijn et al. 

2007; Plaisier & Konijn, 2013).  

61. For example, as reflected in the literature, TikTok’s algorithm is addictive. It obtains 

information via device settings from many sources (e.g., camera, microphone, Wi-Fi connection, 

contact list and user location) more rapidly than other social media platforms (Pedrouzo & 

Krynski, 2023). Indeed, an intriguing study revealed that TikTok’s highly personalized algorithm 

driving compulsive use has a neurobiological basis. Su et al. (2021) experimentally examined how 

personally recommended videos on TikTok (selected from participants’ private SMU feeds) 

modulated brain activity. Specifically, researchers used fMRI to visualize the brains of participants 

while they watched generic videos recommended to new TikTok users and personally 

recommended videos taken from participants’ TikTok accounts. Participants had not viewed any 

of the videos before their brain scans. Su et al. (2021) found that user-specific videos activated the 

dorsolateral prefrontal cortex (dMPFC), posterior cingulate cortex (PCC), and bilateral parietal 

and temporal regions that collectively compose the default mode network (DMN). Moreover, 

personalized videos enhanced the functional couplings between DMN and primary visual and 

auditory regions as well as the frontoparietal network. In addition, both types of videos activated 
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salience networks that regulate motivational drive, but only personalized videos activated the 

ventral tegmental area (VTA), a region of the brain’s reward system that controls reward 

processing, motivation and learning. Su et al. (2021) concluded; “these results suggest that the 

recommender algorithm can discover material to up-regulate the activity of a set of DMN 

subregions and VTA to reinforce video-watching behaviour. The DMN subregions might serve as 

the neural underpinnings of the high-level processing of personalized video perception. Su et al.’s 

data provided a new perspective in “understanding brain activity evoked by the presentation of 

personalized video, shedding light on the neural mechanisms underlying excessive video use and 

abuse.” 

62. TikTok’s highly personalized algorithm, which rapidly adapts to user interests (Su 

et al. 2021) can exacerbate negative mental health conditions by aggregating and repeating a user’s 

exposure to harmful experiences in response to momentary curiosity about, e.g., self-harm or 

eating disorders (Costello et al. 2023; Orben et al. 2024). Documented cases of adolescents being 

exposed to self-harm and suicide due to the algorithm makes clear that these recommender 

algorithms increase risks among vulnerable users (Arendt et al. 2019; Orben et al. 2024). As 

described throughout this report, this is not unique to TikTok and applies to all Defendants. 

63. Recommender algorithms can also aggregate and present images—often 

manipulated with beautification features--that promote unrealistic beauty standards. A notable case 

involves Meta’s internal research on adolescent mental health, which demonstrated that Instagram 

use was associated with increased body image concerns and depressive symptoms in teenage girls 

(Wells et al. 2021). This finding is in line with several studies showing body image problems are 

associated with social media use (Fioravanti et al. 2022; Holland & Tiggermann, 2016; Kleemans 

et al. 2016). 

64. Features such as infinite scroll and video autoplay reduce natural stopping points, 

which leads to seamless consumption of material that promotes “flow” and time distortion, thereby 

prolonging user engagement. For example, one study on social media addiction found that a state 

of flow, characterized by total focus on the platform, was strongly linked to addictive use, and that 

habit formation was a direct pathway to dependency (Jo and Baek, 2023). All Defendants 

employed algorithms and infinite scroll to deliver personalized experiences to users to increase 

engagement and time spent on the apps. 
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5.2.4. DEFICITS IN EMOTIONAL REGULATION AND COGNITIVE CONTROL 

65.  Another key mechanism is the interplay between SMU and adolescents’ ability to 

regulate their emotions and impulses. Adolescence is often marked by physical, 

neurophysiological, emotional, and social changes, as well as heightened emotions and stress (e.g., 

academic pressures, identity formation, peer drama). As such, adolescence is among the highest 

risk periods in human development for addiction and mental health problems. (Casey et al. 2008; 

Dayan et al. 2010; Somerville, 2013; Hazen et al. 2008; Solmi et al. 2022). 

66. Empirical evidence suggests that SMU may serve as a maladaptive coping 

mechanism, wherein individuals engage in excessive use to alleviate negative emotional states, 

such as boredom, anxiety, depression or loneliness (Soares et al. 2023). Although this behaviour 

may provide temporary relief, SMU can exacerbate negative mood states through mechanisms 

such as unfavourable social comparison and displacement of healthier behaviours, as described in 

more detail below.  

67. Deficits in emotion and self-regulation have been identified as both correlates and 

predictors of problematic social media use (Soares et al. 2023). In a large-scale study, individuals 

with poor emotion regulation skills exhibited significantly higher symptoms of social media 

addiction-like behaviours than those with stronger emotion regulation skills even after controlling 

for other variables, consistent with the larger addiction research (Elkin et al. 2025). Furthermore, 

impairments in executive function, particularly impulse control and delay of gratification, have 

been implicated in compulsive social media use. For example, young individuals exhibiting high 

delay aversion and poor inhibitory control were found to be 3 to 8 times more likely to develop 

problematic social media use (Soares et al. 2023).  

68. Neuroimaging studies support these findings, demonstrating that excessive social 

media users exhibit increased neural reactivity to social media-specific reinforcement in brain 

reward regions coupled with diminished activation in regulatory control regions, indicative of 

impaired inhibitory processes (i.e., reduced impulse control) (Maza et al. 2023). The tendency to 

use social media excessively to modulate negative mood states reinforces higher usage and 

represents a classic addiction-like cycle (Peng & Liao, 2023; Nesi et al. 2021; Doron et al. 2014). 

In effect, the scientific evidence suggests that social media can both exploit and exacerbate pre-

existing self-regulation and mental health problems, creating a vicious cycle.  
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5.2.5. DRIVERS SOCIAL MEDIA USE: CONCLUSIONS 

69. Evidence from empirical academic research indicates that excessive and 

problematic social media use is driven by an interaction of neurobiological, psychological, and 

technological user-design mechanisms. Defendants’ social media platforms exploit users’ reward-

learning systems through low-effort, high-reward stimuli and variable reward schedules; leverage 

the evolutionary drive for social connection by gamifying interactions, quantifying approval, and 

amplifying social pressure; use algorithmic personalization and infinite scroll that is devoid of 

stopping cues to fuel prolonged platform use; and capitalize on limited emotional regulation by 

promoting engagement as a form of mood modulation. Evidence from Defendants’ internal 

research and documents, as described below, reveals that these companies were aware of the harm 

they cause but have failed to implement effective safeguards. Despite some platforms introducing 

superficial well-being features, such as “take a break” reminders, these measures do not address 

the fundamental design elements that elicit and sustain problematic use and can also easily be 

disabled or bypassed, similar to parent control features (Office of the Surgeon General, 2023). It 

is important to note that these mechanisms operate interdependently; for instance, design 

characteristics such as continuous feeds and intermittent social reinforcement via likes and push 

notifications amplify reward-seeking behaviour (i.e., social media engagement). Similarly, 

emotionally vulnerable adolescents with underdeveloped cognitive control mechanisms or 

experiencing mental distress/dysregulation are particularly susceptible to social media engagement 

(i.e., reinforcement) loops, compelling higher usage and increased risk of addiction.  

5.3. SYSTEMATIC REVIEW OF RELEVANT SCIENTIFIC LITERATURE 

5.3.1. EPIDEMIOLOGICAL EVIDENCE 

5.3.1.1. Mental Health Outcomes  

70. The assessment of psychological phenomena, including distress and disorder, has 

historically been approached through two primary conceptual frameworks: categorical and 

dimensional. The traditional categorical approach adopted by major taxonomic systems (DSM-5 

and ICD-11) to psychological assessment relies on diagnostic criteria to determine the presence or 

absence of a specific disorder (e.g., major depressive disorder, generalized anxiety disorder, etc.). 

While this system offers a common language for clinicians and researchers and can facilitate 

diagnostic reliability to some extent, it has long been heavily criticized for constricting the range 
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of clinical information that is critical for comprehensive treatment planning, understanding 

prognosis, and effectively monitoring treatment outcomes (Narrow & Kuhl, 2011). Conversely, 

the dimensional approach conceptualizes psychopathology as symptoms that exist along a 

continuum of frequency, severity and/or intensity (Pickles & Angold, 2003).  

71. There are numerous conceptual and empirical aspects of a dimensional approach 

that support its validity over a categorical approach. First, psychological disorders, as defined by 

prevailing diagnostic systems like the DSM-5 and ICD-11, are fundamentally characterized by 

clusters of symptoms—that is, specific thoughts, feelings, behaviors, or physiological changes—

that cause clinically significant distress or impairment in social, educational, occupational, or other 

important areas of functioning (Wesselhoef et al. 2013; Shankman et al. 2017). Symptoms are the 

observable and reportable manifestations of underlying psychological states; they are the very 

indicators clinicians use to identify the presence and nature of a disorder. The entire edifice of 

psychiatric diagnosis rests upon the systematic evaluation of symptoms. To claim that symptoms 

are not reflective of disorders is to ignore the foundational principles of psychopathology (Pickles 

& Angold, 2003). If symptoms were indeed irrelevant to the definition of disorders, the diagnostic 

process itself would be rendered meaningless (Pickles & Angold, 2003).  

72. The categorical approach conflates the absence of a full-blown, diagnosable 

disorder with an absence of any harm whatsoever. This represents a fundamental misunderstanding 

of how psychological distress and dysfunction are conceptualized and assessed in clinical science 

(Witiger & Samuel, 2005). Emphasizing the spectra of experience over all-or-nothing diagnostic 

labels reduces stigma often associated with psychiatric diagnoses or “labels” (WHO, 2022). 

Conceptualizing mental health and psychopathology as binary (sick vs. well) obscures real harm, 

which encompasses a wide range of negative experiences, including subjective distress, functional 

limitations, and reduced wellbeing or quality of life (Witiger & Samuel, 2005; Wesselhoeft et al. 

2013). These can occur at varying levels of severity, many of which may not meet the stringent, 

and sometimes arbitrary, cut-offs required for a formal diagnosis. For example, in childhood, the 

DSM-5 criteria for ADHD requires 6 of 9 symptoms to be met (12 of 18 for the Combined 

Inattentive/Hyperactive Impulsive subtype). However, arguing that someone who is exhibiting 5 

of 9 symptoms is not experiencing impairment or harm is fallacious and lacks empirical support 

(Witiger & Samuel, 2005).  
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73. Indeed, symptoms of depression and anxiety in childhood, for example, that fall 

below the diagnostic threshold have long been empirically associated with functional impairment 

and shown in longitudinal studies to markedly increase the risk of future episodes that meet the 

diagnostic criteria (Angold et al. 1999; Wesselhoeft et al. 2013; Fergusson et al. 2005; Rodriguez 

et al. 2012). Furthermore, a recent systematic review and meta-analysis of 2- to 17-year-olds 

showed that general psychopathology symptoms remained consistent from childhood into 

adolescence, indicating that even subclinical symptoms reflect an enduring pattern of distress 

rather than transient or episodic features (Harris et al. 2024). 

74. Relying solely on a categorical approach to diagnoses has been heavily criticized 

as being conceptually and empirically inadequate to reflect ongoing advances in genetics, 

neuroscience, cognitive science and behavioural systems, which impedes the study of etiology, 

treatment and prevention of mental health disorders (Cuthbert & Insel, 2013). Leading psychiatric 

manuals—DSM 5 and ICD-11—now include severity specifiers where clinicians rate the intensity 

of symptoms, reflecting the favourability of the dimensional approach and underscoring the 

shortcomings of exclusively relying on a categorical model (APA, 2013; WHO, 2022). Moreover, 

section III of the DSM-5, “Merging Measures and Models,” shows how firmly the dimensional 

approach is embedded in routine clinical practice, as it focuses on rating dysfunctional personality 

traits rather than simply evaluating diagnoses, an approach that helped define stylistic features that 

characterize individuals with personality disorders, including the severity of maladaptive 

expressions (Pires et al. 2021).  

75. The Structured Clinical Interview for DSM (SCID), widely considered a gold-

standard semi-structured interview for categorical diagnoses, has been successfully modified to 

yield dimensional severity scales for a range of disorders, including major depression, anxiety 

disorders, and substance use disorders (Shankman et al., 2017).  These SCID-derived dimensional 

scales demonstrated “superior” psychometric characteristics—including reliability and validity—

compared to the traditional categorical diagnoses derived from the same instrument, for both 

current and lifetime psychopathology. (Shankman et al. 2017). This finding was confirmed in a 

meta-analysis in which “psychopathology,” defined dimensionally, demonstrated 15% greater 

reliability and 37% greater validity compared to when it was assessed categorically (Markon et al. 

2011), a pattern of findings that has been replicated in more recent systematic reviews and meta-

analyses (Ringwald et al. 2021; Haslem et al. 2020). These findings are critical, as they 
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demonstrate that dimensional symptom assessment approaches can enable clinicians and 

researchers to achieve more accurate and reliable assessments, resulting in better-informed 

treatment planning and sensitive monitoring of treatment outcomes.    

76. Furthermore, studying the impact of environmental exposures such as social media 

use on diagnosed mental disorders at the population level is infeasible – administering structured 

diagnostic interviews to each study participant is labour intensive and expensive, which 

undermines the utility of epidemiological research (Lash et al. 2021). The absence of such 

impractical diagnostic approaches, therefore, should neither be interpreted as an absence of harm 

nor used to discredit evidenced-based dimensional approaches. Indeed, if only truly diagnostic 

approaches were used in the study of social media (and other environmental exposures) and mental 

health, a very limited number of studies would exist, crippling our understanding of these 

relationships, their pathways, which populations may be most harmed, and the reasons why.   

77. The complex and often subtle ways in which social media engagement can affect 

psychological well-being requires assessment methods that can capture nuance and variability. 

Dimensional approaches are particularly well-suited to this task, moving beyond simplistic metrics 

to explore the multifaceted nature of online experiences and their psychological effects. Reflecting 

this need for nuance, researchers have increasingly adopted or developed dimensional tools to 

assess various facets of social media use and its psychological correlates. 

78. Instruments like the Bergen Social Media Addiction Scale (BSMAS) assess 

addiction-like symptoms (e.g., mood modification, salience, tolerance, withdrawal, conflict, 

relapse) on a continuum (Andreassen et al. 2016). This allows for the identification of individuals 

experiencing varying degrees of problematic engagement, rather than a simple “addicted” versus 

“not addicted” dichotomy. Studies using such scales report a range of prevalence estimates for 

problematic or addictive social media use, underscoring that this is itself a dimensional concept. 

Conceptualizations of maladaptive use have evolved to include constructs beyond mere overuse, 

such as risky use and individual impairment.  As shown below, several meta-analyses found that 

higher scores on problematic social media use were cross-sectionally and prospectively associated 

with a broad spectrum of psychological harms characterized by elevated symptoms of anxiety, 

depression, loneliness, body image dissatisfaction, and suicide and self-harm, reinforcing the idea 

that sub-clinical symptoms can be markers of psychological impairment.     
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79.   Recognizing the limitations of unidimensional measures of use, researchers have 

developed scales that assess multiple facets of social media engagement. For example, the Social 

Media Scale (SMS) was created to measure various dimensions of adolescents' social media use, 

including impression management, experiences of hostility from others, social comparison, fear of 

social exclusion, seeking pleasure, connecting with others, passing time, seeking support, and 

expressing hostility towards others (Twivey et al. 2025).  This study found that specific factors—

notably social comparison and using social media to pass time—were uniquely and strongly 

associated with depression, explaining a substantial portion of its variance, far more than generic 

use measures could. (Twivey et al. 2025). This highlights that specific types of engagement, 

measurable dimensionally, are critical.  

80. Standardized dimensional measures of psychological distress, such as the 

Depression Anxiety Stress Scale-21 (DASS-21), Center for Epidemiological studies (CESD), 

Generalized Anxiety Disorder Scale, etc., and their various short forms, are frequently employed 

in research investigating the mental health harms of social media use, as described above and 

below. These scales provide continuous scores for symptoms of depression, anxiety, and stress, 

allowing researchers to examine how different aspects of social media use relate to varying levels 

of psychological distress, rather than just the presence or absence of a disorder that is often 

arbitrarily established based on number of symptoms. 

81. Many studies in SMU employed validated questionnaires with clinical cut-off 

scores that are indicative of disorders or sub-threshold disorders, such as problematic social media 

use scales, or social media addiction scales, as well as anxiety, depression and eating disorders. 

The consistent pattern of findings between categorical and the more widely used dimensional 

approaches to assessing psychopathology validates the dimensional approach and highlights the 

robust finding that SMU causally contributes to clinically significant psychological harms, as 

described in greater detail below.  

5.3.1.1.1. Overview 

82. Over the past decade, many observational studies have quantified the association 

between SMU and various mental health outcomes in several population groups. The evidence has 

been summarised in more than 40 reviews – both scoping and systematic – that were further 

discussed in three overviews (i.e., umbrella reviews). Orben (2020) synthesized findings from 23 

reviews, while Valkenburg et al. (2022) examined 25 reviews, including seven meta-analyses, nine 
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systematic reviews, and nine narrative reviews. Interestingly, the interpretations and conclusions 

of these narrative umbrella reviews differ. Older reviews (Orben, 2020) suggest that social media 

use (SMU) is linked to mild harm on negative affect indicators, with inconsistent effects on well-

being and social indicators. In contrast, a newer review (Sala, 2024) based on more studies 

concludes that SMU poses a greater risk of psychological harm.  

83. An alternative, more quantitative and objective approach to synthesizing findings 

and estimating effect sizes from empirical studies is meta-analytic reviews. Meta-analyses have 

the advantage of pooling effect sizes on outcomes across studies by converting effect sizes from 

individual studies to standardized scores on outcomes, thus allowing them to be compared to other 

studies, even if different measures of the same construct were used (e.g., different depression 

questionnaires). By aggregating and pooling the data derived from a systematic review, a well-

done meta-analysis essentially increases the precision and certainty of statistical inferences. The 

resulting single best estimate of effect or association is a methodological gold standard used to 

inform clinical, public health and policy decision making within an evidenced-based framework 

(Vetter, 2019). However, methodological rigor is critical in meta-analyses, and poorly conducted 

ones can be misleading or not meaningful, as will be discussed below in the methodological 

considerations. 

84. The summary of pooled effects from meta-analyses between SMU, PSMU and 

mental health outcomes are presented and discussed in Tables 2 and 3.  

5.3.1.1.2. Conceptualizations of SMU, PSMU, and Mental Health Outcomes 

85. Overall, SMU and PSMU were iklmeasured through usage duration, 

frequency/intensity of use, assessed predominantly by questionnaires/scales. In addition to SMU 

and PSMU, some studies have measured other variables, such as network size, number of clicks 

etc. (Yin et al. 2019; Huang, 2022). 

86. Several studies used a broad and sometimes even boundless operational definition 

of mental health, which led to the inclusion of a multitude of outcomes including well-being, 

loneliness, and fear of missing out. Huang et al. (2021) and Yin et al. (2019) lumped together 

components like life satisfaction and self-esteem to create an aggregated measure of well-being 

outcome. They also combined depressive symptoms and loneliness to create an aggregated 

measure of mental health outcome.  
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5.3.1.2. SMU and Mental Health Outcomes 

87. A total of 17 meta-analyses published in the last five years (2020-2025) examining 

studies published between 2010-2024 evaluated the association between SMU and mental health 

outcomes (Table 2). The studies yield 35 effect sizes encompassing a sample size of 1,314,610 

people. Eighty percent (28 of 35) of the studies reported Pearson's correlation coefficient “r” as 

effect size. Five studies reported “Hedges' g”, one study reported “Fisher Z”, and one study 

reported “odds ratio” (OR). For interpretation purpose, Hedges’ g, Fisher Z, and odds ratios were 

converted to Pearson's correlation r. The number of studies included in the analyses for each 

outcome ranged from 3 to 90 and the number of people involved in the analyses for each outcome 

ranged from 859 to 479,215. 

Table 2. Pooled correlations between SMU and mental health outcomes 

Outcomes Number  
 of studies 

Pooled  
 N 

Effect  
parameter 

Effect Size   
 (95%CI) Converted r I2 

Ahmed et al. 2024             

Depression 42 47,975 r 0.102 (0.074, 0.130)***   86.52 

Anxiety 18 24,657 r 0.136 (0.083, 0.188)***   92.00 

Well-being 7 4,273 r 0.004 (-0.175, 0.184)   97.01 

Cunningham et al. 2021             

Depression 44 414,231 r 0.11 (0.086, 0.13)***   96.65 

Ferguson et al. 2025             

Mental health problems 79 NR r 0.061 (0.047, 0.075)***   98.80 

Fioravanti et al. 2021             

FoMO 19 11,280 Fisher Z 0.32 (0.23, 0.42)*** 0.31 95.73 

Vahedi & Zannella, 2021             

Depression 55 80,533 r 0.165 (0.13, 0.20)***   NR 

Marciano et al. 2024             

Hedonic well-being 23 NR r -0.01 (-0.09, 0.07)   93.00 

Huang et al. 2021             

Mental health 21 4,331 Hedges' g  -0.27 (-0.73, 0.18) -0.13 NR 

McComb et al. 2023             

Self-esteem NR NR Hedges' g -0.21 (-0.31, -0.10)*** -0.10 NR 

Mental health  NR NR Hedges' g -0.21 (-0.34, -0.09)*** -0.10 NR 

Subjective well-being NR NR Hedges' g -0.19 (-0.27, -0.11)*** -0.09  NR 

Overall 48 7,679 Hedges' g -0.24 (-0.29, -0.19)*** -0.12 40.03 

Ferguson et al. 2021             

Mental health problems 6 NR r 0.043 (0.004, 0.082)*   57.2 

Ivie et al. 2020             

Depressive symptoms 12 NR r 0.12 (0.04, 0.20)**   97.38 

Zhang et al. 2022             
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89.  Based on the direction of the associations, 96% (24 of 25) of the significant effects 

show that SMU is associated with higher levels of mental health problems (e.g., depressive 

symptoms and anxiety, N=20) or lower levels of well-being and life satisfaction (N=4). Only one 

effect suggested beneficial association for well-being (Yang & Feng, 2024), which appeared to be 

mediated by increased perceived social support, although the effect was considered not 

meaningful. Of those that indicate that SMU is associated with higher levels of mental health 

problems, 1 fell below the threshold (r<0.05), 3 effect sizes fell into the very small category, 14 

fell into the small category, 1 fell into the medium category, 1 fell into the large category (FoMO, 

r=0.31), and none fall into the very large category. 

90. No effects showed found that SMU was associated with benefits to mental health. 

Among the 20 studies showing SMU is associated with poorer mental health, 80% (16 of 20) 

reported small-to-moderate effects sizes, as defined by Funder & Ozer’s benchmark of meaningful 

correlations at the population level. Of those that indicate that SMU is associated with lower levels 

of positive mental health indicators (i.e., well-being, N=4), 1 effect size fell into the very small 

category and 3 fell into the small category. According to Funder & Ozer benchmark, 75% (3 out 

of 4) are meaningful at the population level. Overall, 34 out of 35 meta-analyses found a positive 

association between SMU and mental health harms, highlighting a universal pattern that is 

buttressed by application of quantitative objective analytic techniques. 

5.3.1.2.2. Strength of the Associations 

91. Results indicate that the effects of SMU on mental health are generally small, but 

the majority (n=25 of 35) are statistically significant (i.e., p<0.05). For example, many meta-

analytic studies on the relationship between SMU and depressive symptoms reported small but 

significant effect sizes of r=0.11 (Cunningham et al. 2021), r=0.11 (Ivie et al. 2020) and r=0.17 

(Vahedi & Zannella, 2021) respectively. This suggests that the effect sizes significantly predict 

lower well-being. 

92. A few meta-analytic studies have reported large associations between SMU and 

mental health outcomes. For example, a 2021 meta-analysis of 19 studies conducted by Fioravanti 

et al. showed a large and positive correlation between SMU and FoMO (r=0.31 from a conversion 

of Fisher’s Z=0.322). A recent meta-analysis by Wong et al. 2024 found that SMU had a moderate 

effect on depression (r=0.20) and life satisfaction (r=0.21), though significant for depression only.  
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93. Many methodological limitations undermine the validity of some of the meta-

analyses and contribute to the heterogeneity of findings. Research has shown that inappropriate 

pooling of outcome variables (e.g., well-being, loneliness, fear of missing out, etc.) and of certain 

sample characteristics, as well as the heterogeneity across studies likely underestimates the effect 

sizes reported in meta-analyses. For example, Ferguson et al. (2025) pooled a wide range of 

psychosocial outcomes under the umbrella of “mental health” and reported an effect size (r=0.043) 

that suggest no association between SMU and mental health outcomes. However, Ahmed et al. 

(2024) found that SMU was significantly associated with mental health outcomes such as 

depression (r=0.102) and anxiety (r=0.136), but not well-being (r=0.004). From this example, it 

can be assumed that if these three outcomes are pooled, well-being effect size would dilute the true 

effect of SMU on negative mental health indicators (anxiety/depression) or at least pull downward 

the overall effect size. It is not surprising therefore that an umbrella narrative review by Valkenburg 

(2022) showed that the use of aggregated outcomes yielded inconsistent associations with SMU, 

yet even this conclusion is puzzling given the meta-analysis indicated that about 80% of studies 

show adverse associations with mental health and well-being. This highlights the subjectivity 

involved in narrative reviews, reinforcing the more objective analyses demonstrated by meta-

analysis, at least when done in a rigorous manner. Moreover, mental health theories indicate that 

low well-being (e.g., low life satisfaction) does not necessary imply a mental health problem (e.g., 

enduring depressive symptoms) and vice versa. In other words, experiencing mental health 

problems is not simply the flip side of poor well-being and good well-being is simply not the 

absence of mental illness; both constructs (mental distress and well-being) are distinct and 

therefore both groups of outcomes should be analyzed separately (Keyes, 2006; Kross et al. 2021).  

94. Data shows that the effects are generally stronger for negative indicators for mental 

health, such as depressive symptoms or anxiety, and weaker for positive indicators such as well-

being and life satisfaction. Almost all (90%) of the meta-analyses showed adverse associations 

with mental health and well-being. 

95. At first glance, the slightly larger effect size found by Fassi et al. (2024) for the 

relationship between SMU and internalizing symptoms (i.e., anxiety/depression) in community 

samples (r=0.12) compared to clinical samples (r=0.08) is surprising given the longitudinal 

evidence that SMU predicts poor mental health, but also that poor mental health predicts higher 

SMU (Frison & Eggermont, 2017; Houghton et al. 2018). Moreover, those with anxiety and 
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depression face social isolation, lower self-esteem, and heightened susceptibility to peer influence, 

negative feedback, and rumination, which may alter SMU and its impact on mental health (Orben 

et al. 2024). However, Fassi et al. acknowledged several limitations in their review that warrant 

caution when interpreting this effect. First, they acknowledge that only 8% of the studies were 

based on clinical samples, and they call for further research to gain a clearer understanding of the 

effects in clinical populations. More importantly, however, they acknowledge that the correlation 

in the clinical sample underestimates the true effect due to reduced variability in both the exposure 

variable (i.e., SMU) and the outcome (i.e., anxiety and depression scores). Distressed patients 

showed greater SMU, and all patients exhibited high distress (i.e., celling effect), which is why 

they presented for treatment and are classified as a clinical sample. In epidemiology, when 

variability of exposure and/or outcome is severely truncated, correlations will be artificially lower 

(Lee & Pickard, 2013). Community samples will contain greater variability of both SMU and 

internalizing symptoms, naturally increasing the magnitude of correlations. Another interesting 

finding from Fassi et al. relates to how SMU was used, rather than solely relying on studying 

duration, the most widely used measure of SMU. They found slightly stronger meta-correlations 

for engagement in both clinical and community samples compared to SMU duration, and these 

relationships were moderated by user perception, but not by active or passive use, or activity. 

96. A follow-up study by this team addressed many of the above-noted limitations in a 

large UK sample of youth (N=3342) and found that those with diagnosed mental health conditions 

spent significantly more time on social media compared to youth without a mental health 

diagnosis, and the effect size was moderate and clinically meaningful (Fassi et al. 2025).  

Consistent with authors’ hypotheses, those with internalizing disorders spent more time on social 

media than those with externalizing disorders. Moreover, Fassi et al. (2025) found that youth with 

mental health disorders reported significantly lower happiness with the number of online friends 

and higher social comparisons (and other qualitative aspects of SMU) than those without disorders. 

Taken together, findings from Fassi et al. (2025) indicate quantity of SMU is a strong risk factor 

for mental health disorders, and not just symptoms, in youth, and/or perhaps youth with a wide 

range of disorders are more vulnerable to excessive use and dissatisfaction with many aspects of 

use.   
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5.3.1.2.3. SMU and Mental Health: Cross-Sectional vs. Longitudinal Studies 

97. Longitudinal studies can offer better insights into causal relationships between 

social media use and mental health outcomes compared to cross-sectional studies, which only 

show associations (Caruana et al. 2015). As such, when synthesizing findings, meta-analyses 

should report separate effect sizes for cross-sectional and longitudinal studies, which helps 

highlight the distinction between simple associations and potential causal effects. However, the 

combined effect sizes from both study types can vary. Cross-sectional studies might report smaller 

or more inconsistent effect sizes due to methodological limitations, whereas longitudinal studies, 

tracking the same subjects over time, can provide more robust and consistent findings over time 

(Caruana et al. 2015). However, it’s important to note that the methodological quality, sample size, 

and specific mental health outcomes being studied can also influence these results. It’s worth 

noting that reverse causality can also be observed, in that youth with baseline mental distress 

sometimes increase their social media use over time (possibly seeking support or distraction 

online), showing the potential for bidirectionality. As discussed below, though such an effect has 

been observed, it is not likely the reason for the increase in negative mental health outcomes 

observed with SMU. 

98. Results from the meta-analyses published over the past five years suggest that the 

strength of the association between SMU with both negative and positive indicators for mental 

health are comparable between cross-sectional and longitudinal studies. For example, Ahmed et 

al. (2024) conducted a meta-analysis of 98 studies reporting the associations between SMU and 

mental health outcomes in almost 102,683 adolescents aged 10 to 24 years. They found that SMU 

was significantly associated with greater odds of depression and anxiety, and that the effect of 

SMU on depression was larger in longitudinal studies (n=10, r=0.144) compared to cross-sectional 

studies (n=35, r=0.090). They also found that the effect of SMU on anxiety was similar between 

cross-sectional studies (n=14, r=0.138) and longitudinal studies (n=4, r=0.134). More importantly, 

Ahmed et al. 2024 tested reverse causality and found that this path (i.e., anxiety and depression 

predicting increased SMU at follow-up) was not significant. Similar findings were reported by a 

meta-analysis of 26 studies conducted by Liu et al. (2022) which found that the associations 

between time spent on social media and depression risk was similar between cross-sectional 

studies (n=21, OR=1.61) and longitudinal studies (n=5, OR=1.57). A previous meta-analysis of 37 

studies by Ferguson et al. (2021) also found that the association between screen use more generally 
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5.3.1.2.4. Quality Assessment  

103. The meta-analyses included in this review varied in their approach to assessing 

study quality and risk of bias, with several studies not reporting their quality assessment. Among 

those that did, different tools were utilized. Ahmed et al. (2024) assessed studies using a modified 

Newcastle-Ottawa scale (0-10), finding that most studies were of moderate to high quality (39.0% 

moderate, 46.7% high, 14.3% low). Several studies relied on structured checklists, such as 

Marciano et al. (2024), who used the STROBE checklist, reporting quality scores ranging from 22 

to 40 (median=31), indicating moderate quality, on average. Marciano et al. (2021) also used 

STROBE, with total scores between 0 and 11, where five studies scored 10 and 25 studies scored 

11, categorizing this meta-analysis as high quality. Importantly, Marciano’s effect sizes for ill-

being in the high-quality review were significantly stronger (r=-0.17, p<0.001) compared to the 

meta-analysis on mostly moderate quality studies. McComb et al. (2023) adapted the Downs and 

Black Quality Assessment Checklist, with an average methodological quality score of 15.26 out 

of 20, classifying it as moderate quality. Ivie et al. 2020 used the NHLBI Quality Assessment Tool, 

reporting a mean score of 16 out of 18, indicating high quality. Liu et al. (2022) applied MOOSE 

and STROBE guidelines, rating studies on an 8-point scale, with scores ranging from 3 to 7 and 

19 studies scoring above 5, suggesting moderate quality. Fioravanti et al. (2021) assessed studies 

based on three psychometric criteria, with 32 studies meeting two out of three, categorizing them 

as higher quality. Lastly, Fassi et al. (2024) classified 55% of studies as acceptable quality and 

45% as questionable quality using the Quality of Survey Studies in Psychology Checklist, overall 

indicating moderate quality. Overall, the quality assessment of the included meta-analyses varied 

widely in methodology and reporting, but most studies were classified as moderate to high quality, 

with some concerns about risk of bias in certain cases. However, it is important to note that in the 

only 3 meta-analyses rated as high quality, all three reported that more SMU was significantly 

correlated with higher symptoms of anxiety, depression, and FoMO, with effects ranging from 

small to large (Marciano et al. 2021; Ivie et al. 2020, Fioravanti et al. 2021).  

5.3.1.2.5. SMU and Mental Health Outcomes: Conclusions 

104. Taken together, the meta-analyses offer compelling evidence that social media use 

is causally linked to negative mental health outcomes. Across over 1.3 million participants, a clear 

pattern emerges: the vast majority of effect sizes, while small, are statistically significant and 

consistently point in the direction of harm. Notably, 88% of the studies reviewed found that greater 
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SMU is associated with increased symptoms of depression, anxiety, and fear of missing out, or 

with lower well-being and life satisfaction. Most importantly, the three highest-quality meta-

analyses all report significant and meaningful associations, with some effect sizes reaching 

moderate to large magnitudes. While methodological variability exists, the weight and consistency 

of the evidence clearly establishes that SMU negatively impacts mental health. 

5.3.1.3. PSMU and Mental Health Outcomes  

105. As outlined in Table 3, 12 meta-analyses published in the last five years evaluated 

the association between PSMU and mental health outcomes. The studies yield 46 effect sizes 

encompassing a sample size of 1,166,773 people. Almost 90% (41 of 46) of the studies reported 

Pearson's correlation coefficient “r” as effect size. Five studies reported “Hedges' g” that were 

converted herein to Pearson's correlation r for interpretation purpose. The number of studies 

included in the analyses for each outcome ranged from 1 to 136 and the number of people involved 

in the analyses for each outcome ranged from 236 to 779,884. 

Table 3. Pooled correlations between PSMU and mental health 

Outcomes Number   
of studies Pooled N Effect   

parameter Effect Size (95%CI) Converted r I2 

Ahmed et al. 2024            

Depression 33 23,966 r 0.297(0.253, 0.341)***  90.59 

Anxiety 12 10,020 r 0.278 (0.221, 0.336)***  84.5 

Well-being 3 2,842 r -0.246 (-0.352, -0.140)***  87.92 

Cunningham et al. 2021            

Depression 20 36,975 r 0.29 (0.23, 0.35)***  95.49 

Shannon et al. 2022           

Depression 11 6,038 r 0.273 (0.215, 0.332)***  83.2 

Anxiety 9 5,932 r 0.348 (0.270, 0.426)***  91.6 

Stress 6 3,872 r 0.313 (0.203, 0.423)***  92.6 

Fioravanti et al. 2021            

FoMO 20 14,314 Fisher Z 0.49 (0.43, 0.55)*** 0.454 92.91 

Huang et al. 2022            

Well-being 85 218,118 r -0.16 (-0.20, -0.13)*  NR 

Happiness 4 1,478 r -0.30 (-0.38, -0.21)*  NR 

Life satisfaction 30 168,771 r -0.11 (-0.18, -0.03)*  NR 

Positive affect 3 655 r -0.18 (-0.34, -0.01)*  NR 

Mental Health 2 471 r -0.29 (-0.71, 0.28)  NR 

Self-esteem 42 45,309 r -0.17 (-0.22, -0.13)*  NR 

Overall well-being 3 1434 r -0.29 (-0.65, 0.17)  NR 

Distress 136 128,371 r 0.27 (0.25, 0.29)*  NR 

Anxiety 17 32,896 r 0.30 (0.25, 0.35)*  NR 
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Outcomes Number   
of studies Pooled N Effect   

parameter Effect Size (95%CI) Converted r I2 

Depression 59 59,034 r 0.31 (0.28, 0.33)*  NR 

Overall distress 4 2,033 r 0.27 (0.01, 0.49)*  NR 

Loneliness 29 18,248 r 0.21 (0.17, 0.25)*  NR 

Negative affect 4 1,397 r 0.08 (-0.29, 0.44)  NR 

Social anxiety 17 13,033 r 0.30 (0.24, 0.35)*  NR 

Social loneliness 2 1,070 r 0.19 (-0.76, 0.88)  NR 

Suicidal ideation 3 660 r 0.18 (0.02, 0.34)*  NR 

Marciano et al. 2024            

Well-being 19 NR r -0.13 (-0.20, -0.06)*  99.00 
Longitudinal effect of PSMU on 
well-being 5 NR r -0.07 (-0.17, 0.02)  99.00 

Akbari et al. 2021            
Problematic Facebook use and 
FoMO 11 8,339 r 0.35 (0.27, 0.42)*  92.85 

Problematic Instagram use and 
FoMO 3 1,019 r 0.49 (0.32, 0.64)*  91.63 

Du et al. 2024       

Generalized anxiety 68 126,688 Fisher Z 0.388 (0.362, 0.413)*** 0.370 95.87 

Social anxiety 44 65,410 Fisher Z 0.437 (0.395, 0.478)*** 0.411 96.92 

Attachment anxiety 22 11,580 Fisher Z 0.345 (0.286, 0.402)*** 0.332 92.07 

FoMO 75 48,659 Fisher Z 0.496 (0.461, 0.529)*** 0.459 95.99 

Sepas et al. 2024            

PIU and depression 4 1,119 r 0.39 (0.30, 0.48)*  64.13 

PIU and anxiety 5 1,542 r 0.36 (0.26, 0.45)*  75.54 
PIU and other psychological 
distresses 2 236 r 0.47 (0.37, 0.57)*  0.00 

PIU and negative symptoms 1 542 r 0.36 (0.26, 0.46)*  29.48 

PIU and general well-being 1 752 r -0.20 (-0.26, -0.13)*  NR 

IU and depression 9 6,580 r 0.12 (0.06, 0.18)*  72.64 

IU and anxiety 12 3,282 r 0.13 (0.04, 0.23)*  83.46 
IU and other psychological 
distresses 12 4,848 r 0.15 (0.08, 0.22)*  82.55 

Passive IU and negative symptoms 8 1,132 r 0.064 (-0.017, 0.15)  45.57 

Active IU and negative symptoms 8 1,874 r 0.081 (0.012, 0.15)*  52.33 

IU and general well-being 8 3,511 r –0.05 (-0.09, -0.01)*  0.00 

Wu et al. 2024            

Social anxiety 56 59,923 r 0.335 (0.304, 0.365)***  92.91 

Yigiter et al. 2024        

Depression 38 14,935 r 0.321 (0.283, 0.358)*  84.48 

Rajesh et al. 2022            

Loneliness 19 7,865 r 0.231 (0.186, 0.274)**  74.9 

*p<.05, **p<.01, ***p<.001 Main findings of the meta-analyses: Anxiety and Depression   

Note. FoMO=fear of missing out; PIU=problematic Instagram use; IU=Instagram use 
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106. A total of 46 effect sizes ranging from -0.05 to 0.49 were examined (Table 3). Of 

these 46 effect sizes, 87% (n=40) were found to be significant. Based on the Funder & Ozer 

benchmark, 2 fall into the very small category, 9 fall into the small category, 10 fall into the 

medium category, 14 fall into the large category, and 5 fall into the very large category. 

107. Based on the direction of the associations, all the significant effects (40 of 40) show 

that PSMU is associated with higher levels of mental health problems (e.g., depressive symptoms 

and anxiety, n=31) or lower levels of well-being and life satisfaction (n=9). Of the effect sizes that 

indicate that PSMU is associated with higher levels of negative mental health indicators (n=31), 1 

fall into the very small category (negative symptoms, with r =0.08), 4 fall into the small category 

(depression, anxiety, psychological distress and suicidal ideation with r ganging from 0.12 to 0.18), 

8 fall into the medium category (depression, anxiety, psychological distress, and loneliness, with r 

ranging from 0.21 to 0.29), 13 fall into the large category, and 5 fall into the very large category. 

Thus, all the studies show that PSMU is associated with more severe mental health problems, 0% 

found that PSMU was associated with benefits to mental health problems. Among the 31 studies 

showing PSMU is associated with poorer mental health, the vast majority (84%, n=26 of 31) 

showed moderate to very large effect sizes. For example, five meta-analyses showed that social 

anxiety and FoMO (a form of social anxiety) are strongly associated with PSMU, with large to 

very large effect sizes (r ranging from 0.3 to 0.5).  

108. Of those that indicate that PSMU is associated with lower levels of positive mental 

health indicators (n=9), 1 effect size fall into the very small category, 5 fall into the small category, 

2 fall into the medium category, 1 fall into the large category, and none of them fall into the very 

large category. These findings indicate that all the studies showed that PSMU is associated with 

lower emotional well-being indicators. Of the 9 studies, 89% (8 of 9) met Funder & Ozer’s 

standard for meaningful correlations at the population level (i.e., small effects or larger). For 

example, Ahmed et al. 2024 found that PSMU was moderately associated with well-being (r=-

0.25). Another meta-analysis by Huang, 2022 found that the negative effect of PSMU on happiness 

was large (r=-0.30). 

5.3.1.3.1. Strength of the Associations 

109. Results clearly show that the effect sizes are stronger for PSMU (Table 3) than 

SMU (Table 2) for both negative and positive indicators for mental health, but more notably for 

negative indicators. For example, a meta-analysis by Vahedi & Zannella (2021) found that studies 
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cross-sectional studies (n=30, r=0.297) than longitudinal studies (n=3, r=0.200). More importantly, 

Ahmed et al. (2024) tested reverse causality (high depression leading to higher SMU) and found 

that this path was not significant. For example, Boer et al. (2021) showed that PSMU was 

associated with later depression, not vice versa in a longitudinal study involving 2,109 Dutch high 

school students, even with the cross-lagged paths also controlling for associated increases (or 

decreases) in behaviours within the same year. Similarly, Mu et al. (2020) found that PSMU 

positively predicted one month later depressive symptoms in a sample of 1128 Chinese university 

students. Another longitudinal investigation by Vernon et al. (2017) in 874 Australian high school 

students found that changes in PSMU predicted changes in depressed mood, but not vice versa, 

while controlling the analyses for gender, socioeconomic status, and pubertal maturation. These 

longitudinal findings suggest that it is not just reverse causation that could explain the effects of 

PSMU on mental health from cross-sectional studies. Indeed, PSMU is predictive of higher 

symptoms of negative affect and lower well-being over time, strengthening the argument that 

PSMU is causally related to the most widely studied psychological harm, depression. 

112. PSMU was strongly associated with different anxiety subtypes. For example, a 

recent meta-analysis by Du et al. (2024) found large to very large effects of PSMU on generalized 

anxiety (r=0.39), social anxiety (r=0.44), attachment anxiety (r=0.35), and fear of missing out 

(FoMO, r=0.50). The strongest effect of PSMU was observed with FoMO. The association 

between PSMU and FoMO is multifaceted, arising from the real-time nature of social media and 

feedback loops, which create a constant desire to stay continually connected with what others are 

doing. This will lead to an increase in social media engagement, thus establishing a direct link with 

problematic usage patterns. Indeed, Przybylski et al. (2013) found that FoMO played a key and 

robust role in explaining social media engagement over and above the other factors, including the 

need for satisfaction, general mood, and overall life satisfaction. Moreover, the culture of social 

comparison on social media further exacerbates FoMO, as users frequently compare their lives to 

the carefully curated portraits of others, increasing both their frequency of SMU and their quest 

for social validation. Indeed, FoMO was identified as a positive and significant predictor of social 

comparison, and that social comparison mediated the relationship between FoMO and PSMU. In 

other words, FoMO emerged as a precursor that contributed to a more intense comparative 

perspective, prompting individuals to seek confirmation and validation through online social 

interactions. A recent longitudinal study by Li et al. (2024) documented the unidirectional nature 
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of the relationship between FoMO and PSMU, whereby FoMO increased PSMU during mid-

adolescence, but not vice versa, while controlling for gender, educational level, and social media 

use intensity. 

113. However, the magnitude of the association between FoMO and PSMU seems to 

vary depending on several factors. For example, Casale et al. 2018 indicated that the effect might 

depend on sex (i.e., r=0.47 and r=0.26 among men and women, respectively). However, previous 

meta-analyses did not find that sex modifies the effects of FoMO on SMU and PSMU, suggesting 

that the effects of FoMO on PSMU is not significantly different between males and females. It is 

well known that the prevalence of PSMU decreases with age from adolescence to adulthood. For 

example, according to the meta-analysis by Cheng et al. (2021), adolescent samples showed a 

notably higher prevalence of PSMU (35%) compared to both university students (23%) and adults 

from the community (19%). Moreover, Li et al. (2024) identified low life satisfaction as an 

important predictor of increase in FoMO during adolescence, thus placing them at greater risk of 

PSMU. However, a meta-analysis by Wu et al. (2024) found that the relationship between internet 

use, Facebook use, Instagram and FoMO was not significantly different between adolescents, 

students, and adults. Taken together, these studies suggest that once social media use becomes 

problematic, the negative impact on FoMO and other indicators of mental health does not differ 

significantly by age, though adolescents are at higher risk due to higher base rates of PSMU. 

114. Finally, research has shown that PSMU and the type of social media are significant 

moderators of the association between FoMO and SMU. For example, Zhang et al. (2021) found 

that social media addiction (r=0.47) had the strongest correlation with FoMO compared with the 

frequency (r=0.14), the duration (r=0.25), and the intensity (r=0.32) of SMU. These findings 

provide further support to the media effect model, which shows that SMU, especially PSMU, may 

be an important risk factor for individuals’ FoMO. Zhang et al. (2021) also found that Instagram 

(r=0.51) had a stronger correlation with FoMO than Snapchat (r=0.28) and Facebook (r=0.37). 

This could be explained by the fact that Facebook is a comprehensive social media with more text 

(de Lenne et al. 2020), whereas Instagram is entirely image-oriented, sharing instantly captured 

images with each other, providing more immediacy, excitement and richness of information, and 

individuals are more likely to yearn for it and worry more about missing out on this novel 

experience (Rozgonjuk et al. 2020; Scott & Woods, 2018). Snapchat, which is image oriented like 

Instagram, may be limited by its accessibility. Instagram is open, and its users receive a wider 
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range of information. Whereas, Snapchat is closed, mostly social with acquaintances, and has a 

narrow range of messages (Franchina et al. 2018). Regardless of their moderating effects on the 

relationship between social media platforms and FoMO, all social media types studied (i.e., 

Instagram, Facebook, and Snapchat) have stronger effects on FoMO (r ranging from 0.28 to 0.5). 

115.  The fact that loneliness effects, which were not meaningful for SMU (r ranging 

from -0.1 to 0.052), become meaningful with PSMU (r=0.2) is not surprising because this usage 

likely leads to social isolation. For example, a study that examined the longitudinal effects of 

PSMU found that PSMU increased loneliness, which in turn affected life satisfaction negatively 

over time, as PSMU may have a deteriorating effect on social relationships (Marttila et al. 2021). 

However, another longitudinal study by Wu et al. (2024) documented a bidirectional predictive 

relationship between loneliness and problematic social media use, such that loneliness and PSMU 

mutually influence each other. Social media expands the social horizons of lonely individuals and 

may compensate for their social deficits in real life. It provides them with a sense of belonging, 

which increases their social media engagement, thus leading to the emergence of FoMO and 

PSMU. This usage may displace time spent in face-to-face interaction, particularly with close 

friends and family, often referred to as social displacement. This is believed to be one of several 

factors that could explain the association of PSMU with mental health problems and reduced well-

being. 

5.3.1.3.3. Quality Assessment of PSMU and Mental Health Outcomes 

The meta-analyses included in this section varied in their approach to assessing study 

quality and risk of bias, with several studies not reporting their quality assessment. Among those 

that did, different tools were used. Ahmed et al. 2024 assessed studies using the Newcastle-Ottawa 

Scale (NOS), finding that most studies were of moderate to high quality (39.0% moderate, 46.7% 

high, 14.3% low). Shannon et al. (2022) also used an adapted version of the NOS scale, though no 

specific quality breakdown was provided. Fioravanti et al. (2021) evaluated studies based on three 

psychometric criteria, categorizing those that met two out of three as higher quality. Marciano et 

al. (2024) used the STROBE checklist, reporting quality scores ranging from 22 to 40 

(median=31), indicating moderate quality. Akbari et al. (2021) found that among 85 included 

studies, 21 had a moderate risk of bias, while the remaining studies were classified as high quality 

and low risk of bias. Du et al. (2024) applied the meta-analysis quality evaluation scale by 

Borenstein et al. (2021), rating study quality from 0 to 10, with most effect sizes scoring above the 
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Outcomes Number of 
studies 

Pooled 
N 

Effect 
parameter Effect Size (95%CI) Converted 

r I2 

Huang et al. 2021       
Body satisfaction 80 14,395 Hedges' g -0.13 (-0.26, -0.001)* -0.06 NR 
Body self-consciousness 61 26,684 Hedges' g -0.09 (-0.18, 0.002) -0.04 NR 
Low Internalization of thin-ideal 36 9,180 Hedges' g -0.40 (-0.73, -0.07)* -0.20 NR 
Bonfanti et al. 2025       
Online social comparison and 
body image concerns 119 NR r 0.45 (0.41,0.50)***  99.6 
Online social comparison and 
eating symptoms 29 NR r 0.36 (0.28,0.43)***  95.3 
Online social comparison and 
positive body image 60 NR r -0.24 (-0.33,-0.16)***  98.5 

De Valle (2021) 
Body Image 

Saiphoo & Vahedi, 2019 

10 NR r -0.083(-0.11,-0.06)***  47.4 

Overall body image disturbance 63 36,552 r 0.17 (0.13, 0.21)*  NR 
Cognitive dimension of body 
image 9 NR r 0.23 (0.17, 0.29)*  NR 
Behavioural dimension of body 
dissatisfaction 12 NR r 0.21 (0.14, 0.28)*  Q: 

6.69 
Negative evaluative dimension of 
body image 39 NR r 0.13 (0.08, 0.19)*  NR 

*p<.05, **p<.01, ***p<.001  

Note. Converted r indicates effect sizes converted to correlation. 

118. Body image is often operationalized as either a negative indicator (e.g., body image 

dissatisfaction) or as a positive indicator (e.g., body satisfaction, positive body image). Thus, based 

on the direction of effect sizes, all effect sizes show that SMU is associated with both higher levels 

of negative measures of body image (n=6) and lower levels of positive measures of body image 

(n=4). Of those that indicate that SMU is associated with higher levels of concerns with their body 

image, effect sizes were categorized into two small, two medium, one large, and one very large. 

Thus, 100% of the studies show that SMU is associated with body image disturbance, with two-

thirds (67%, n=4 of 6) showing moderate to large effect sizes. 

119. Of those that indicate that SMU is associated with lower levels of positive measures 

of body image (e.g., body satisfaction, positive body image, n=4), effect sizes were categorized 

into one very small, one small, and two medium. Like negative measures of body image, 100% of 

the studies using positive measures show that SMU is associated with lower levels of positive 

measures of body image, but a striking 50% of studies (n=2 of 4) showed moderate effect sizes. 

120. Research studies categorizing body image into different dimensions suggest that 

the effect of SMU is stronger for cognitive and behavioural dimensions of body image and weaker 

for evaluative dimension. For example, Saiphoo & Vahedi (2019) found in their meta-analysis that 
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125. A recent meta-analysis of 83 studies by Bonfanti et al. (2025) suggested that studies 

involving a higher percentage of female participants showed a stronger relationship between online 

social comparison and body image concerns and eating disorder symptoms. Whereas a 2019 meta-

analysis of 56 studies by Saiphoo & Vahedi indicated that studies with higher proportions of 

women did not have higher effect sizes, suggesting that the relationship between social media use 

and body image disturbance is not different between males and females. The observed differences 

could be explained by the fact that most of the studies available recruited a disproportionate 

number of female participants (Bonfanti et al. 2025). However, it is well known that females seem 

more strongly embedded in appearance culture than their male counterparts (Karazsia et al. 2017; 

Thompson et al. 1999), thus the negative impact of online social comparison processes on body 

image could be more detrimental among them than males.  

5.3.1.4.1. Quality Assessment 

126. The meta-analyses included in the review of social media impacts on body image 

showed variation in how study quality and risk of bias were assessed, with some not reporting any 

quality appraisal. McComb et al. (2023) used an adapted version of the Downs and Black Quality 

Assessment Checklist, rating studies out of 20. The reported mean score was 15.26, suggesting 

moderate quality overall. Bonfanti et al. (2025) categorized 18% of studies as low risk of bias, 

58% as medium risk, and 24% as high risk, indicating a predominantly moderate level of study 

quality. De Valle et al. (2021) found that 38.9% of studies were rated as high risk, 27.8% with 

some concerns, and 33.3% as low risk, reflecting a mixed quality profile with a considerable 

proportion at higher risk. Conversely, Huang et al. (2021) and Saiphoo & Vahedi (2019) did not 

report their risk of bias or study quality assessment. Overall, these assessments highlight moderate 

to high methodological quality across most meta-analyses (de Valle et al. 2021). 

5.3.1.4.2. SMU and Body Image: Conclusions 

127. The meta-analytic evidence clearly demonstrates that SMU has a significant and 

harmful impact on body image, particularly among younger users. Across four meta-analyses 

yielding 12 effect sizes, the vast majority (83%) were statistically significant, with several reaching 

medium to very large magnitudes. Notably, the effects of SMU on body image disturbance are 

strongest among adolescents, with impact diminishing progressively with age. This underscores 

the heightened sensitivity of younger users to the negative consequences of appearance-based 

social comparison and idealized body portrayals online. The consistency of findings across high-
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Outcomes Number of 
studies Pooled N Effect 

parameter Effect-Size (95%CI) Converted r I2 

Cybervictimization and non-suicidal self-
injury 3 532 OR 4.36(2.32, 8.20)*** 0.38 NR 

NR= not reported; *p<.05, **p<.01, ***p<.001  

128. These findings indicate that SMU can result in substantial damage to users, but the 

meta-analysis by Nesi et al. (2021) found that the strength of associations between SMU and 

suicide-related outcomes greatly varied by social media behaviours and experiences as well as by 

the nature of suicide outcomes (i.e., suicidal ideation, plans, attempts, and non-suicidal self-injury), 

with odds ratios (ORs) ranging from 1.65 to 4.36. Self-injurious thoughts and behaviours-related 

SMU was measured by participation in chat groups for education and support, was strongly and 

significantly associated with a higher risk of suicidal ideation (OR=2.79), suicide plan (OR=3.78), 

suicide attempts (OR=3.94), and non-suicidal self-injury (OR=2.93). Frequency of SMU was 

associated with about a 45% increased risk of suicidal ideation (OR=1.45), suicide plans 

(OR=1.47), and non-suicidal self-injury, but despite these clinically meaningful associations, these 

effects did not reach significance. However, this null finding needs to be interpreted with caution 

because they were only based on a few studies, with small sample sizes, so there was not adequate 

statistical power to detect a significant association with an odds ratio analysis due to the relatively 

low numbers of youth with NSSI compared to the vast major of those that do not. With a strikingly 

large odds ratio of 3.94 between SMU activity and suicide attempts, these findings illustrate the 

most harm directly associated with SMU.  

129. The psychological mechanisms underlying the association between SMU and 

suicide-related outcomes are less well understood. According to Agnew's social psychological 

strain theory of deviance, strained social relationships and events pressure individuals into 

committing deviant acts (Hay et al. 2010). As reported above, SMU, and especially PSMU lead to 

stress and distress, consistent with strain theory. As described above, aggressive and harmful 

algorithms have been linked to suicide as well. Cyberbullying is a well-known source of strain and 

SMU has been found to offer more opportunities for these harmful experiences. As such experience 

makes victims feel angry and frustrated, therefore putting them-selves more at risk of engaging in 

deviant behaviours. From this, it can be reasoned that victims are at an increased risk of suicidal 

ideation, plans and attempts as a maladaptive coping response to their victimization. Indeed, in 

their meta-analyses, Nesi et al. (2021) found that digital victimization showed the stronger effect 

on suicidal ideation (OR=2.93), suicide plans (OR=3.07), suicide attempts (OR=3.38), and non-

suicidal self-injury (OR=4.36).  
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130. Chen et al. (2024) conducted a meta-analysis of 13 longitudinal studies reporting 

the associations between various screen-based activities and subsequent self-harm and suicidal 

behaviours in almost 43,500 young people aged 10 to 24. They identified both SMU and PSMU 

as significant risk factors for self-harm and suicidal behaviours, though the effects were much 

stronger for PSMU than SMU. The meta-analyses by Huang, 2022 and Nesi et al. (2021) identified 

too few prospective studies to estimate pooled effects. However, a comparison of the effect sizes 

of PSMU on suicide related outcomes between Chen et al. (2024) on longitudinal studies (OR of 

2.41 on suicidal behaviour) and Nesi et al. (2021) on mostly cross-sectional studies (OR of 2.81 

on suicidal ideation) suggest that the effects of PSMU on suicide related outcomes are comparably 

large between longitudinal and cross-sectional studies. This pattern of results clearly establishes 

directionality: both SMU and PSMU led to increased risk of suicide and self-harm, thus reverse 

cannot explain this relationship.  

131. Since depression is a well-known outcome associated with SMU and an important 

risk factor for suicide-related outcomes (Vahedi & Zanella, 2021; Wang et al. 2017), it could 

therefore be in the causal pathway between SMU and suicide-related outcomes, as victims may 

first endure episodes of depression before progressing to suicidal ideation, plans and attempts (Liu 

et al. 2022). Indeed, evidence from several meta-analytic studies have shown that existing mental 

health problems, such as depression, anxiety, and loneliness heighten vulnerability   and causally 

contribute to increased self-harm and suicidal behaviours (Liu et al, 2022; Hu et al. 2025; Chen et 

al. 2024). It is therefore important that longitudinal studies control for baseline depression or 

mental health problems to try to isolate the impact of SMU on suicide-related outcomes. For 

example, in their meta-analysis of 13 longitudinal studies (N=43,489) in youth aged 10-24 years 

showing that both SMU and PSMU led to increased risk of suicidality and self-harm, Chen et al. 

(2024) indicated that most individual studies included controlled for baseline mental health 

problems, including depression. This strengthens their findings indicating that SMU and PSMU 

are strongly predictive of later harm, and this effect is largely independent of baseline depression, 

clearly ruling out the possibility of reverse causation and depression as confounding factors. 

Unfortunately, other studies included in the meta-analyses (including mostly cross-sectional 

studies) reported herein (i.e., Huang, 2022 and Nesi et al. 2021) did not generally account for 

depression or mental health in their analyses, reducing confidence the association is not impacted 

by these factors. 
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findings provide evidence that exposure to self-harm portrayed on social media can add to 

contagion in vulnerable users. 

134. Findings from the Nesi et al. (2021) meta-analysis provide evidence that the effect 

of PSMU on suicide-related outcomes is stronger than SMU. Indeed, they found that the effect of 

frequency of SMU on suicide ideation, attempts and NSSI had odds ratios ranging from 1.45 to 

2.0, which became significantly larger for PSMU (OR=2.81). Similarly, a meta-analysis of 

longitudinal studies by Chen et al. (2024) found that the effects of PSMU on self-harm (OR=2.40) 

and suicidal behaviour (OR=2.41) were stronger than those of SMU on these outcomes (i.e., self-

harm (OR=1.11) and suicidal behaviour (OR=1.35)). These findings suggest that SMU, and 

especially PSMU, is strongly associated with increased risk of suicide-related outcomes. This is 

consistent with the findings outlined in Tables 2 and 3 of this report suggesting that the effect sizes 

of PSMU on mental health problems are stronger than those of SMU. Evidence suggests that 

PSMU is more strongly associated with mental health problems than SMU because it often 

involves excessive engagement and can lead to negative outcomes as described above, potentially 

exacerbating existing mental health issues or creating new ones (Boer et al. 2021; Ahmed et al. 

2024). Moreover, SMU was operationalized as “frequency of social media use” only, making it 

difficult to detect and include several studies, because in current literature, SMU is measured in 

various ways through usage duration, frequency of use, and questionnaires/scales. These 

inconsistencies in the measurement of social media use and the over reliance on self-report 

measure of social media use introduce methodological limitations that likely underestimate the 

true extent of harm. Consequently, null or weak findings may, in part, reflect these methodological 

deficiencies rather than an absence of significance effect, particularly for high-risk individuals and 

engagement patterns.  

135. In sensitivity analyses by Nesi et al. (2021), the association between digital 

victimization and suicidal ideation and attempts was significantly stronger for adolescents 

(OR=3.54, 95% CI: 2.98-4.20, p<0.01) compared to adults (OR=1.69; 95% CI: 1.36-2.11). 

However, neither age nor gender were examined in the other meta-analyses in relation to suicide-

outcomes due to small numbers of studies included. 

5.3.1.5.1. Quality Assessment  

136. Among the meta-analyses reviewed, some provided detailed assessments of study 

quality, while others did not report this information. Chen et al. (2024) used the Newcastle-Ottawa 
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Scale (NOS) to assess cohort studies, finding that ten studies were high quality, six were fair, and 

three were low quality, indicating an overall moderate to high level of study quality. In contrast, 

Huang et al. (2022) and Nesi et al. (2021) did not report any formal quality or risk of bias 

assessment. These findings underscore variability in reporting practices, though where 

assessments were conducted, study quality was generally acceptable.  

5.3.1.5.2. SMU, PSMU, and Suicide/Self Harm: Conclusions 

137. The evidence from recent meta-analyses powerfully underscores a strong and 

clinically significant association between SMU—particularly PSMU—and increased risk of 

suicide and self-harm. Across nearly 336,000 individuals, the majority of reported effect sizes were 

significant and substantial, with over two-thirds exceeding an odds ratio of 2. Critically, PSMU 

shows markedly stronger associations with suicidal ideation, attempts, and non-suicidal self-injury 

than general use, reinforcing its role as a key risk factor. Longitudinal studies further support a 

causal relationship, showing that exposure to self-harm on platforms like Instagram can predict 

future self-harming behaviours. Notably, the risk appears significantly higher among adolescents, 

who are particularly vulnerable to harmful online experiences and social contagion effects. These 

findings make it unmistakably clear: SMU—and especially PSMU—pose a serious and 

preventable threat to mental health, with suicide-related outcomes among the most urgent 

concerns.  

5.3.1.6. SMU, PSMU and Problematic Behaviours  

138. Table 6 summarises the effects of social media use on problematic behaviours, 

including disordered eating, sleep, risky behaviours, and substance use.  

Table 6. Pooled effects of SMU on Problematic Behaviours 

Outcomes Number 
of studies Pooled N Effect 

parameter Effect Size (95%CI) Converted 
r I2 

Ahmed et al. 2024       

Sleep duration 6 14,417 r -0.062(-0.163, 0.039)  92.68 

Sleep problems 11 19,889 r 0.079 (-0.037, 0.194)  97.93 

Sleep duration (PSMU) 3 1,685 r 0.038 (-0.010, 0.086)  0.00 

Sleep problems (PSMU) 10 7,967 r 0.189(0.054, 0.323)**  97.06 

Eating Disorder 4 1,842 r 0.125 (-0.008, 0.258)  87.38 

Han et al. 2024       

Sleep problems (general SMU) 6 17,461 r 0.277(0.209,0.342)***  47.07 

Sleep problems (PSMU) 11 5,270 r 0.347(0.288,0.403)***  80.84 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 63 of 496







65 
 

143.   Studies investigating SMU have mainly been conducted among emerging adults, 

particularly college and university students, and research has shown that social media are not only 

communication tools but also constitute an important part of their daily routines (Madge et al. 

2009). However, research indicated that the usage of social media in this age group varies the 

impact that SMU has on their body image, which may further lead to further differences in their 

disordered eating habits. It is also possible that the effects of SMU on eating disorders behaviours 

of other sample sources are just not significant because they did not have enough statistical power. 

For example, in their meta-analyses, Zhang et al. (2021) included 12 university samples, 7 children 

and adolescent samples, 1 clinical sample, and 7 other samples. 

144. The meta-analytic evidence reveals a consistent, though modest, association 

between SMU and disordered eating behaviours. Across three recent meta-analyses, two found 

significant positive relationships, with the largest and most comprehensive study identifying a 

moderate effect size (r=0.21). While other analyses reported smaller or non-significant effects, 

these may reflect limitations in sample size or statistical power rather than a true absence of 

association. Importantly, the evidence suggests that SMU contributes to the internalization of 

unrealistic body ideals, which in turn drives disordered eating, particularly among young users. 

Observational studies show stronger effects than experimental ones, highlighting the long-term 

impact of chronic exposure. Together, these findings support the conclusion that even moderate 

levels of SMU can play a meaningful role in the development and maintenance of disordered 

eating, reinforcing concerns about its pervasive influence on body image and eating behaviours. 

5.3.1.6.2. SMU, PSMU and Sleep 

145. Sleep duration and quality are well documented to be integral to mental health 

(Chaput et al. 2016) and are also inversely associated with many chronic diseases and even 

mortality (Colten et al. 2006). Moreover, sleep disturbances are more common among people with 

mental health challenges, and there is evidence from systematic reviews that poor sleep can be 

both a cause and effect of mental health problems (Chaput et al. 2016). Indeed, sleep problems, 

especially insomnia, are said to occur in virtually every type of mental health disorder (Buysse et 

al. 1989). Epidemiological studies show that adolescents and adults are getting less sleep than in 

years past, and more than 33% of children and youth do not meet national sleep guidelines (Chaput 

et al. 2016). The decrease in sleep in the past two decades has been paralleled by the explosion of 

digital media, sparking considerable scientific investigation into the relationship between social 
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media use and sleep in young people. The overall results of the meta-analyses are presented in 

Table 6, but the discussion of sleep being in the causal pathway of high and problematic SMU 

leading to poor mental health through displacement is discussed in the section below on 

mechanisms.  

146. As shown in Table 6, only three meta-analyses reported sleep outcomes. One 

reported on both SMU and PSMU on sleep, and two reported on PSMU and sleep only. In the 

largest meta-analysis, on over 62 studies and 34,441 participants, Chen et al. (2024) found that 

PSMU was significantly associated with poorer sleep quality (r= 0.22, p<0.001, moderate effect), 

as measured by the Pittsburgh Sleep Quality Index, which is the gold standard for self-reported 

sleep. PSMU was measured most often by the Bergen Social Media Addiction Scale or the Social 

Media Disorder Scale, both well validated. Moderation analyses showed that younger participants 

with PSMU were more negatively affected (had worse sleep quality) than older participants, with 

a hypothesized mechanism of greater usage before bedtime or during the night due to younger 

participants having poorer self-control. Neither gender nor culture, crudely grouped into 

individualistic vs. collectivist, influenced this relationship. The strength of this study is it only 

included studies that used the Pittsburgh Sleep Quality Index questionnaire, reducing 

heterogeneity in measurement. However, a significant limitation is the pooling of SMU intensity 

(frequency/duration/investment) with problematic SMU, obscuring the effects of each. Most of the 

studies in the meta-analysis examine SMU intensity, which also clearly had lower effect sizes 

compared to problematic SMU, thus it is believed the pooled effect may overestimate effects for 

SMU intensity on sleep, and underestimate effects of PSMU on sleep. Similarly, the corrected 

effect size for publication was almost identical to the original value indicating confidence 

publication bias did not affect results. In the only American study on adolescents (M age=21), 

Eden et al. (2021) found a large effect of PSMU on lower sleep quality (r=-0.30). The largest effect 

on lower sleep quality from a single study was for Snapchat addiction (r=0.52) (Xanidis & 

Brignell, 2016) and had a rating of 8/10 on quality using the well-established PRISMA guidelines 

(Page et al. 2021). On average, study quality was moderate.  

147. Han et al. 2024 examined the effects of both general SMU and PSMU in 

relationship to sleep quality, with most studies using the Pittsburgh Sleep Quality Index, making 

results comparable to Chen et al. (2024). The Bergen Social Media Addiction scale was the most 

used measure of PSMU. Han et al. found a significant association between general SMU and lower 
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sleep quality (r=.28, p<.001, k=6 studies, N=17,461), indicating a moderate to large effect. 

Similarly, Han et al. (2024) also found that PSMU was significantly associated with lower sleep 

quality (r=0.35, p<.001, k=11 studies, N=5270). The majority of studies (71%) included were rated 

as moderate or high quality.   

148. Ahmed et al. (2024) examined the relationships between SMU and PSMU and sleep 

duration and sleep problems, the latter reflecting quality, among those aged 25 years or younger. 

Only 5% of the studies measured sleep by actigraphy, while 95% relied on self-report 

questionnaires. Unlike the other meta-analyses, only 33% of studies used the Pittsburgh Sleep 

Quality Index to measure sleep problems, while the remaining two thirds used several different 

measures, and some never disclosed the measurement of sleep. Results showed that while PSMU 

was significantly associated with greater sleep problems (lower quality, r=-.189, p<.001), it was 

not related to sleep duration. General SMU was also not significantly associated with sleep 

duration or quality. However, these results should be interpreted with caution due to the very high 

levels of heterogeneity in measures used to measure sleep. For example, in a sensitivity analysis 

in studies that only used the Pittsburgh Sleep Quality Index, the gold standard sleep questionnaire 

measure, the relationship between PSMU and poorer sleep quality increases markedly from a small 

effect to a large effect (r=0.35, p<0.01), whereas the correlation between PSMU and sleep quality 

in less validated instruments showed no significant association with sleep quality. Indeed, quality 

scores (out of 10) ranged from 4.82 for SMU and sleep duration to 8.03 (PSMU and sleep 

problems), providing supporting evidence that lower quality of studies is likely the reason for why 

Ahmed et al.’s pattern of results is discrepant from the meta-analyses by Chen et al. (2024) and 

Han et al. (2024).  

149. The meta-analytic evidence points to a meaningful association between PSMU and 

poor sleep quality, particularly among adolescents. Across large and well-powered studies, PSMU 

is consistently associated with lower sleep quality, with moderate to large effect sizes observed. 

While findings related to general SMU are more variable, this may reflect inconsistencies in how 

sleep is measured across studies rather than an absence of impact. Overall, the evidence from these 

observational studies, combined with evidence from mediation analyses and experimental data 

from single studies described below, suggests that problematic engagement with social media plays 

a significant role in disrupting sleep—particularly for adolescents—adding to its broader toll on 

mental and physical well-being during this critical developmental period. 
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5.3.1.6.3. SMU and Risky Behaviours 

150. Adolescence is a vulnerable developmental period for engaging in risky behaviours 

and addictive behaviours due to a complex combination of neurocognitive and psychosocial 

factors (Blakemore & Robbins, 2012). This includes a heightened drive for novelty and sensation 

seeking, vulnerability to negative peer influences, deficits in impulse control, decision making, 

judgment, emotional and self-regulation. These vulnerability factors are believed to be largely 

driven by rapid social and physical changes associated with puberty which interact with changes 

in brain structure and function that amplify propensity for risk taking, largely due to the brain 

region (i.e., prefrontal cortex) that governs these executive functions not being fully developed 

until 25 years of age (Jaworska et al. 2015). This neural imbalance between early maturing 

sensitivity to socio-emotional processing and a relative delay in cognitive control brain systems 

that can inhibit risky behaviours is known as the dual systems model (Shulman et al. 2016). Thus, 

it is not surprising that engagement in risky behaviours most often begins during adolescence, 

including those behaviours that expose youth to harm or significant risk of physical injury or death, 

such as substance use, unsafe sexual acts, and violence-related behaviours (US Centers for Disease 

Control and Prevention, 2025; Steinberg, 2010). Moreover, a large proportion of adolescents 

engage in risky behaviours. In the U.S., in respect to use in the past 30 days, 20-30% report having 

consumed alcohol, 13-15% binge drinking, 5-14% using cigarettes or smokeless tobacco, 12-13% 

vaping, 14-20% using marijuana, and ~16% carrying a weapon (Johnston et al. 2018; Kann et al. 

2018). Physical violence also is common, as one out of four adolescents report getting into at least 

one physical fight with peers within the past year (Kann et al. 2018). Adolescents who are sexually 

active often engage in unsafe sexual acts, with 34–46% not using a condom and 5–14% not using 

any pregnancy prevention method (Abma & Martinez, 2017; Kann et al. 2018). It is well 

documented that these risky behaviours are linked to numerous adverse health outcomes, academic 

outcomes, legal consequences, and premature mortality (Kann et al. 2018), highlighting the need 

to understand the most proximal drivers to inform prevention.  

151. Traditional media and cultural influences have long been recognized to influence 

adolescents' susceptibility to risky or addictive behaviour and related cognition through various 

mechanisms such as advertising, glamorizing risky or unhealthy behaviours, social 

learning/contagion, and social comparison (Crone & Konjin, 2018). Several theories exist, but the 

leading ones regarding social media focus on social and peer influences. The Facebook influence 
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model (Moreno & Whitehill, 2014) posits that adolescents using social media are subject to peer 

influences that predispose risky behaviours both online and offline purportedly to imitate or 

conform to the social norms of valued or high-status individuals (or influencers), receive social 

reinforcement, and foster a positive social identity. Consistent with the notion that social media 

provides the opportunity to interact with vast online networks that exceed in-person networks, the 

“super peer” theory posits that social media (compared to in-person) exerts an inordinate amount 

of pressure on youth to engage in risky behaviours that are portrayed as normative and reinforced 

by likes and positive comments, perpetuating or amplifying risky behaviours (Vannucci et al. 

2020).  

152. Based on 27 cross-sectional studies (N=67,407 adolescents) (M age=15.5, 51% 

girls, 57% white), Vannucci et al. (2020) found there was a significant positive relationship 

between SMU and engagement in risky behaviours overall (r=0.21, moderate effect size), and 

when accounting for publication bias, the effect increased slightly (r=0.26, p<0.001). The positive 

correlation between SMU and substance use (r=0.19, p<0.001, small to moderate effect) was 

significant, and moderator analysis showed these effects were significantly stronger for newer 

forms of SMU (r=0.23) compared to early forms, such as Facebook/Myspace (r=0.14), though 

both effects were significant. Correction for bias did not change the pooled effect significantly. 

Neither gender nor age moderated associations. Additionally, there was a significant positive 

association between SMU and risky sexual behaviours (r=0.21, p<.001), and this association was 

significantly influenced by age. Strikingly, the effect size in studies with a mean age of 12 years 

was strong (r=0.41), studies with a mean age of 15 showed an effect size of r=0.23 (moderate), 

and studies with a mean age of 18 had a very small effect size of r=0.05. Adjustments for 

publication bias increased the effect of SMU and risky sexual behaviours to r=0.28. (Vannucci et 

al. 2020) Lastly, three studies in American adolescents found a significant positive relationship 

between SMU frequency and violence related behaviours, including more aggressive behaviours 

(r=0.22, p<0.001, Tsitsika et al. 2014), and overt aggression toward peers (Ohannesian & 

Vannucci, 2016). These authors concluded: “The positive links identified between social media 

and risky behaviours during adolescence in this meta-analysis suggest that developmental theories 

of risk taking would benefit from incorporating the social media context.”  

153. Across 55 studies involving over 120,000 adolescents, SMU was significantly 

linked to increased engagement in risky behaviours, including substance use and risky sexual 
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activity, with effects strongest among the youngest adolescents, highlighting that this critical 

developmental stage increases vulnerability to mental and behavioural health harms of child and 

adolescent SMU. 

5.3.1.6.4. Quality Assessment of SMU, PSMU, and Problematic Behaviours 

154. The included meta-analyses for this section varied in their reporting and evaluation 

of study quality. Ahmed et al. (2024), using a modified Newcastle-Ottawa Scale (NOS), reported 

that 46.7% of studies were high quality, 39.0% moderate, and only 14.3% low, indicating an overall 

moderate to high-quality evidence base, though this differs by outcome. Similarly, Han et al. 

(2024) classified their 56 included studies as high (39.3%), middle (32.1%), and low quality 

(28.6%), reflecting the majority to be moderate to high quality studies. Chen et al. (2024) applied 

an assessment based on Zhang et al. (2021) and found the mean study quality score to be 6.04 out 

of 10, suggesting moderate quality overall. By contrast, Huang et al. (2021), Zhang et al. (2021) 

and Vannucci et al. (2020) did not report their quality or risk of bias assessments. Overall, among 

studies that conducted quality evaluations, the majority included moderate to high-quality studies. 

5.3.1.6.5. Methodological Limitations Leading to Underestimation of Effects 

155. Several methodological factors likely contribute to an underestimation of social 

media’s negative impact on adolescent mental health in these meta-analytic reviews. First, most 

studies operationalize “SMU” through duration failing to distinguish between passive browsing 

and more intensive, potentially harmful patterns of engagement, thereby diluting potential negative 

effects in aggregate analyses. Second, the reliance on cross-sectional or short-term study designs 

may obscure delayed or cumulative harms, preventing the detection of adverse outcomes that 

emerge over longer timeframes of exposure. Third, variability in outcome definitions (e.g., 

depression versus general psychological distress) and sampling biases (e.g., overrepresentation of 

low-risk healthy adolescents) frequently weaken observed associations, potentially 

underestimating effects in vulnerable subgroups. Fourth, the way mental health outcomes are 

operationalized varies widely in literature. Certain researchers pooled different outcomes, which 

can dilute or obfuscate the true effect size on specific outcomes had they been examined separately. 

For example, a meta-analysis by Huang (2022) found that the adverse effect of PSMU on well-

being (r=-0.16) was small, but the component of well-being that had a stronger negative effect was 

happiness (r=-0.30) only. Positive affect (r=-0.18) and self-esteem (r=-0.17) were also significantly 

negatively associated with PSMU, but their effects were smaller. These different associations 
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between PSMU and individual indicators of well-being suggest that they represent different 

constructs and should therefore not be pooled (Keyes, 2005). Fifth, the vast majority of studies 

relied on self-reported or questionnaire measures of SMU, and systematic reviews have 

demonstrated the inherent recall bias that leads to inflated measurement errors, a bias that leans 

toward null findings (i.e., underestimated effects) due to ubiquitous underreporting (Parry et al. 

2021).  

5.3.1.6.6. SMU, PSMU and Problematic Behaviours: Conclusions 

156. Taken together, the meta-analytic evidence offers persuasive support for a causal 

relationship between adolescent SMU—particularly PSMU—and a range of harmful behavioural 

outcomes. Across well-powered studies, SMU is consistently linked to disordered eating, as 

adolescents internalize idealized body standards, fueling dissatisfaction and unhealthy eating 

patterns. PSMU shows moderate to large effects on sleep disruption, with consistent findings that 

adolescents who engage in PSMU experience significantly poorer sleep quality – an outcome with 

far-reaching consequences for physical and mental health. SMU is also significantly associated 

with increased engagement in risky behaviours such as substance abuse and risky sexual activity, 

with the strongest effects observed in the youngest adolescents. Longitudinal and panel data point 

toward SMU as a driver in the development of these problems. Given the heightened 

neurodevelopmental vulnerability of adolescence, the weight and totality of the evidence clearly 

point to SMU, and especially PSMU, as a causal contributor to behavioural health risks during this 

critical developmental window. 

5.3.1.7. Academic Outcomes 

5.3.1.7.1. SMU, PSMU and Academic Performance 

157. As Table 7 shows, two meta-analyses (N=83,929) examining the relationship 

between SMU and academic achievement or performance were published and captured by our 

search between 2020 and 2025. Based on the Funder & Ozer benchmark, one effect size falls into 

the very small category (r<0.10) and the other effect size falls into the small category (r<0.20). For 

example, Salari et al. (2025) found in their meta-analysis of 16 studies that social media addiction 

is significantly associated with lower academic performance (r=- 0.172). However, a meta-analysis 

of 18 studies by Kus et al. 2024 found that the effect of general SMU on academic performance 

was small, positive, but non-significant (r=0. 012 for Cohen's d=0.025). Funder & Ozer 

demonstrate through advanced statistical modelling that small effects are meaningful at the 
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population level, which is relevant considering the prevalence of SMU is billions of regular users 

globally. Moreover, both effect sizes that met Funder & Ozer benchmark reached statistical 

significance. 

Table 7. Pooled Correlations Between 

SMU, PSMU and Academic Achievement/Performance 

Outcomes Number 
of studies 

Pooled 
N Effect parameter Effect Size (95%CI) Converted r I2 

Kus et al. 2024       

Academic performance 18 77,457 Cohen’s d 0.03(-0.05, 0.10) 0.012 98.7 

Salari et al. 2025       
PSMU and academic 
performance 16 6,472 r -0.17(-0.320,-0.016)*  97.4 

*p<.05, **p<.01, ***p<.001  

Note. Converted r indicates effect sizes converted to correlation. PSMU=problematic social media use 
 

158. These findings suggest that it is PSMU rather than SMU that is associated with 

lower school achievement or performance. As discussed above, Funder & Ozer demonstrate that 

small effects are meaningful at the population level, which is relevant considering the prevalence 

of SMU is billions of regular users globally, and the relatively high prevalence of problematic 

social media use. Several factors could explain the association between PSMU and lower academic 

performance, including distraction, time spent on social media instead of schoolwork (discussed 

in more detail below), and the potential for negative impacts of PSMU on mental health, such as 

anxiety, depressive symptoms, and lower well-being, which can further hinder academic 

achievement/performance. 

159. The meta-analysis by Kus (2025) did not find a significant effect of SMU on 

academic performance, but this null finding should be interpreted with caution. Kus et al. highlight 

potential benefits of SMU when used for academic purposes, such as easy access to school-related 

information, forming study groups, and sharing ideas, support and resources, which can enhance 

the learning process and academic performance (Qi et al. 2019). However, when high SMU is used 

more for personal/recreational reasons, higher or problematic use can undermine academic 

performance via technostress, exhaustion, fragmented attention and displaced schoolwork (Kus, 

2025; Homaid, 2022). 

160. Only one study from the US was included in the Solari (2025) meta-analysis. In a 

sample of 252 youth, Murcia et al. (2015) found that higher scores on PSMU was significantly 
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associated with poorer study habits and performance (r=-0.23, p<0.05). This effect is in the 

moderate-sized classification according to Funder & Ozer. It is important to note that this study is 

10-years old and was only specific to Facebook addiction. The academic and mental health impacts 

of child and adolescent SMU and PSMU disrupt and significantly harm the school environment. 

For example, a recent meta-analysis of 22 studies, by Bottger et al. 2022, found empirical evidence 

supporting the distracting presence of smartphones, a phenomenon known as “brain drain. 

Specifically, they found that smartphone use and even the mere presence of a smartphone (not in 

use) significantly undermines cognitive performance measured by 3 broad domains: memory, 

attention, and general cognitive performance (r=-0.14, P<0.001). Relatedly, research from my 

laboratory and colleagues showed that problematic technology use (encompassing SMU and other 

forms of media) was associated with lower school connectedness and academic performance in 

4,837 high school students (Sampasa-Kanyinga, Chaput, Hamilton, 2019), and these findings were 

replicated in over 10,000 students when examining social media use specifically. These findings 

and others are further discussed below.  

5.3.1.7.2. Quality Assessment 

161. The meta-analyses included in this section on social media and effects on academic 

achievement varied in their approach to assessing study quality and risk of bias. Kus et al. 2024 

followed the guidelines of Kitchenham & Charters (2007), with a mean quality score of 8.52 out 

of 10, and only included studies scoring 8 or higher, suggesting an overall high-quality selection. 

Salari et al. (2025) applied the STROBE checklist, including only studies scoring 16 or above, 

categorized as good or average quality, while removing studies below this threshold, ensuring a 

moderate to high-quality dataset. Overall, these meta-analyses demonstrated rigorous quality 

control, with inclusion criteria emphasizing moderate to high-quality studies across different 

assessment frameworks. The tests for publications biases were not significant in either meta-

analysis on academic performance. 

5.3.1.7.3. SMU, PSMU and Academic Performance: Conclusions 

162. In sum, while the overall effect sizes linking SMU to academic performance may 

appear small, the evidence—particularly in relation to PSMU—is both statistically significant and 

substantively meaningful when considered at the population level. The consistent association 

between PSMU and diminished academic outcomes, as demonstrated in recent high-quality meta-

analyses, is compelling. Given the global scale of SMU and the growing prevalence of PSMU, 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 74 of 496



74 
 

even small effects translate into widespread and measurable harm. While general SMU may show 

mixed associations, it is clear that patterns of excessive and compulsive SMU undermine academic 

success. 

163. While the mental health harms of child and youth SMU discussed throughout this 

report undermine academic individual achievement, those outcomes do not exist in a vacuum. As 

a clinician with over 20 years of experience providing psychological care to school-aged 

children—including many who have been adversely affected by social media use—and as an 

educator with an equally long career in academic settings, I have seen firsthand how social media's 

impact on the mental health and academic achievement of students manifests across a student body 

and disrupts the broader educational environment. Teachers and administrators may face greater 

difficulty maintaining engagement, managing behavior, and meeting academic goals when a 

significant number of students are distracted, emotionally dysregulated, or underperforming. The 

burden of responding to these issues frequently falls on schools despite having limited mental 

health support, overextended counseling services, and limited budgets. The rising demand for 

interventions—such as individualized academic support, behavioral management plans, and 

mental health referrals—can place substantial strain on educators and school districts that are 

already facing resource constraints. In this way, the personal impacts of social media use 

compound into a systemic burden, quietly reshaping the dynamics of learning environments and 

diverting resources away from instruction toward crisis response and support services. 

5.3.2. EXPERIMENTAL EVIDENCE  

5.3.2.1. SMU and Mental Health Outcomes 

164. A fundamental principle in human subjects research is the avoidance of foreseeable 

harm. Given mounting evidence that high-volume, prolonged social media use precipitates and 

exacerbates psychological distress, researchers are ethically precluded from designing experiments 

that deliberately expose participants to extended or intensified social media engagement. To 

address this, researchers have adopted a mitigation-focused approach: rather than increasing 

exposure to social media, interventions are designed to reduce or eliminate its use. Participants are 

typically assigned to conditions involving temporary abstinence or significant reductions in usage. 

This design preserves ethical integrity by avoiding intentional harm while providing for the 

assessment of SMU’s causal effects on mental health. Interventions range from full abstinence 
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Table 8. Pooled Effects of SMU Abstinence/Reduction Experiments 

on Mental Health Outcomes 

 

Outcomes Number  
of studies 

Pooled   
N 

Effect  
parameter 

Effect Size   
(95%CI) 

Converted 
r I2 

Lemahieu et al. 2025       

Positive affect 9 1,861 Hedges’ g  0.03(-0.11,0.16) 0.01 61.00 

Negative affect 9 1,861 Hedges' g -0.01 (-0.13, 0.10) 0.00 64.00 

Life satisfaction 7 4,190 Hedges' g 0.03 (-0.17, 0.22) 0.01 59.00 

Ferguson, 2024          

Mental health problems 27 NR SMD 0.088 (-0.018, 0.197) 0.04 75.20 

Liu et al. 2025          

Overall well-being 56 10,106 SMD 0.23 (0.15, 0.31)*** 0.12 NR 

Positive indicators 33 5,428 SMD 0.23 (0.12, 0.34)*** 0.11 NR 

Negative indicators a 23 4,678 SMD 0.24 (0.12, 0.36)*** 0.12 NR 

Ansari et al. 2024          

Life satisfaction 8 6,247 SMD 0.26 (0.10, 0.42)*** 0.13 76.00 

Positive affect 4 5,428 SMD 0.18 (-0.18, 0.54) 0.09 73.00 

Subjective well-being 14 NR SMD 0.21 (0.06, 0.34)*** 0.10 74.00 

Psychological well-being 4 NR SMD 0.27 (0.09, 0.46)* 0.13 0.00 

Ramadhan et al. 2024          

Mental well-being 6 1,261 SMD 0.04 (-0.54, 0.62) 0.02 93.00 

Depression 3 459 SMD -0.29 (-0.51, -0.07)* -0.14 20.00 

Life satisfaction 5 1,410 SMD 0.20 (-0.12, 0.52) 0.10 83.00 

Stress 2 173 SMD -0.31 (-0.83, 0.21) 0.15 51.00 

Burnell et al. 2025       

Overall  well-being 91 5542 Hedges’ g 0.17 (0.08, 0.27) 0.09 NR 
Positive well-
being 

     38                               NR       Hedges' g     0.13 (0.04, 0.21)         0.07 

  13 NR Hedges’ g 0.06 (--0.07, 0.20) 0.03 NR 

Positive affect 9 NR Hedges’ g 0.16 (0.02, 0.30) 0.08 NR 

Mental Wellbeing 8 NR Hedges’ g 0.40 (0.06, 0.74) 0.20 NR 

Self-esteem 6 NR Hedges’ g 0.17 (0.03, 0.31) 0.09 NR 

Happiness 2 NR Hedges’ g -0.02 (-0.17, 0.14) -0.01 NR 

Negative well-being a 26 NR Hedges’ g 0.20 (0.12, 0.29) 0.10 NR 

Depression a 16 NR Hedges’ g 0.19 (0.07, 0.32) 0.10 NR 

Loneliness a 13 NR Hedges’ g 0.16 (0.04, 0.28) 0.1 NR 

Anxiety a 9 NR Hedges’ g 0.28 (0.13, 0.43) 0.14 NR 

Negative Affect a 5 NR Hedges’ g 0.14 (-0.15, 0.42) 0.07 NR 

Stress a 6 NR Hedges’ g 0.23 (0.04, 0.42) 0.11 NR 

*p<.05, **p<.01, ***p<.001; SMD: standardized mean difference – usually Cohens’ D    
Note. aThe effect size was reversed – positive values indicate beneficial effects of social media reduction.  
Converted r indicates effect sizes converted to correlation. 
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168. Results from the meta-analyses specifically examining depression showed that 

abstaining from or reducing SMU led to significant reductions in depression scores, with  small 

effect sizes ranging from d= 0.19 (Burnell et al. 2025) to d=0.29 (Ramadhan et al. 2024). Of the 

four meta-analyses that specifically studied life satisfaction, two of them found reduced SMU led 

to significant increases in life satisfaction with small effect sizes ranging from d=0.20 (Ramadhan 

et al. 2024) to d=0.26 (Ansari et al. 2024). In the only meta-analysis with more than two studies 

that examined intervention effects on stress, Burnell et al. (2025) found that reducing SMU led to 

a significant reduction in perceived stress with a small effect (d=0.23). Ramadhan et al., 2024 also 

examined stress but in only two studies with a combined n=173 (d=0.31), which was not 

significant, though not surprising given the large confidence and lack of statistical power.  Except 

for Ferguson’s meta-analysis, which pooled both positive and negative outcomes into a mental 

health problems composite, the remaining meta-analyses pooled outcomes into positive and 

negative indicators of mental health, which is a methodological limitation that underestimates the 

true effects of intervention for many reasons as described below. However, they will be reported 

here despite having limited meaning.  

169. In 4 studies yielding 6 effects for subjective well-being or psychological well-

being, 3 of the 4 study effects showed that reducing SMU led to significant improvements in well-

being (Liu et al. 2025; Ansari et al. 2024; Burnell et al. 2025), with effect sizes ranging from 

d=0.13 to 0.40, while one meta-analysis found very small and negligible effect of reduced SMU 

on emotional well-being (Ramadhan et al. 2024). However, it is important to note that despite 

being a recent meta-analysis, Ramadhan et al. (2024) only included 6 studies whereas the meta-

analyses by Liu et al. (2025), Ansari et al. (2024), and Burnell et al. (2025) included 56, 14, and 

38 studies, respectively. Thus, these larger meta-analytic studies are clearly more impactful and 

representative of the literature due to including more studies.  

170. The remaining studies pooled outcomes as either positive indicators of mental 

health or negative indicators of mental health. Three meta-analyses examined intervention effects 

on positive affect or positive indicators of mental health, with two of them showing that reductions 

in SMU led to increased positive affect (Liu et al. 2024) or positive indicators of mental health, 

with effects ranging from d=0.18 to 0.23 (Liu et al. 2024; Ansari et al. 2024). The meta-analysis 

by Lemahieu et al. (2025) showed null effects on positive affect but is severely limited by the small 

number of studies by comparison, along with other methodological limitations described below.  
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171. Three meta-analyses pooled negative indicators of mental health (i.e., 

anxiety/depression), with the significant larger studies based on 23 and 26 studies showing much 

stronger intervention effects (d=0.23, Liu et al. 2024) and (d=0.20, Burnell et al. 2025) compared 

to the much smaller meta-analysis which showed weak and insignificant effects (9 studies) 

(Lemahieu et al. 2025). 

172. The Ferguson et al. (2025) meta-analysis inappropriately pooled all the outcomes 

into one outcome variable, a methodological flaw that undermines its validity according to 

rigorous meta-analytic methodological standards (Vetter et al. 2019; Walker et al. 2021).  

173. In the only study to appropriately report separate effects for individual outcome 

indicators that comprise positive and negative mental health indicators, Burnell et al. (2025) found 

that restricting SMU led to significant improvements in positive subjective wellbeing indicators, 

characterized by increases in self-esteem (d=0.17), mental wellbeing (d=0.40), but effects on 

happiness were not significant, though not surprising given only two studies were included. 

Regarding negative indicators of mental health, results from Burnell et al. (2025) showed that 

restricted SMU led to significant reductions in a global measure of negative wellbeing (d=0.20), 

as well as 4 of the 5 indicators that comprise this measure, such as reductions in Depression 

(d=0.19), loneliness (d=0.16), anxiety (d=0.28), and stress (d=0.23). This meta-analysis found few 

moderation effects by age, gender, or type of intervention, although, female participants were 

found to derive greater benefits to self-esteem from SMU restriction compared to males. Length 

of intervention was not widely examined beyond the composite measures, which did not yield 

significant findings, but this finding should be interpreted with caution given length of intervention 

analysis included very short-term abstinence studies known to produce withdrawal effects with 

longer reduction studies, thus functionally comparing apples to oranges. A more fruitful analysis 

would have been to stratify analyses by type of intervention and length of intervention to avoid 

conflating length of intervention with type of intervention.  Critically, no moderation analysis was 

performed on intervention adherence or objectively verified vs self-reported adherence to SMU 

restriction, a significant limitation given intervention adherence strongly predicts outcomes from 

pharmacological and behavioural interventions (Edgcomb & Zima, 2018; Cugelman et al. 2011). 

5.3.2.4. Quality Assessment of Experimental Evidence of SMU and Mental Health Outcomes  

174.    The majority of results from these meta-analyses of experimental studies indicate 

small yet significant intervention effects (d=0.10 to 0.40). According to Funder & Ozer’s model, 
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such effects can accumulate over repeated occasions or across large populations to yield clinically 

significant impact at the population level over time. The quality of studies varied between studies, 

but most were of moderate quality, on average. Specifically, Lemahieu et al. (2025) used the 

established Downs and Black risk of bias model and found 70% of the studies were fair, while 

only 30% were “good” quality, thus findings from this meta-analysis should be interpreted with 

caution. Liu did not report on quality of studies or risk of bias. Ferguson (2025) did not follow a 

validated risk of bias framework, but evaluated study on subjectively determined criteria that the 

authors believed were indicative of “best practices” but no references were provided in support of 

this criteria, making quality difficult to evaluate. Burnell et al. (2025) also applied the Downs and 

Black model and reported a mean score of 17/24, indicating moderate quality. Ansari et al. used 

the Cochrane Collaboration Tool-Risk of Bias 2-version and reported approximately 40% of the 

studies were of high or moderate quality, with most studies losing quality points due to bias in 

reporting outcomes. Ramadhan used the Cochrane Collaboration tool-risk of bias version 2, and 

reported 4/7 studies were low risk of bias, 1/7 moderate, and 2/7 high risk, indicating moderate to 

high quality, on average.  

5.3.2.5. Exploring Sources of Heterogeneity  

175. All reviewed meta-analyses reported substantial heterogeneity in effect sizes, 

indicating significant variability across studies, suggesting that some people benefit more than 

others from intervention. This variability reduces the precision of summary effects, increases the 

risk of inaccurate conclusions, and may dilute or obscure relevant effects, which are often 

overlooked (Vetter et al. 2019). In social media reduction and abstinence interventions, 

heterogeneity likely results from methodological and sample-related differences, which are 

examined below. 

5.3.2.5.1. Underestimation Due to Erroneous Outcome Aggregation 

176. A common source of heterogeneity in mental health meta-analyses arise from 

aggregating or pooling theoretically distinct constructs into a composite score without preserving 

their properties. The description of what constructs were pooled in the meta-analyses is presented 

in Table 9. 
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Table 9. Constructs Blended for Analysis in Experimental Social Media Studies 
Study Outcome Operationalization 

Lemahieu et al. 2025 Positive affect Affect scales (e.g., PANAS) 

 Negative affect Affect scales (e.g., PANAS) 

 Life satisfaction Life satisfaction scales (e.g., SWLS) 

Ferguson, 2024 

Mental health composite Composite of depression, anxiety, mood, mental 

well-being, self/body esteem, positive/negative 

affect, life/day satisfaction, happiness, loneliness, 

and stress 

Liu et al. 2025 
Overall well-being Aggregated from both positive and negative 

indicators of well-being (below) 

 

Positive indicators Composite of hedonic (e.g., life satisfaction, 

positive affect), eudaimonic (e.g., purpose in life), 

and social well-being (e.g., perceived social 

support) 

 Negative indicators Composite of anxiety, loneliness, and depression 

Ansari et al. 2024 Life satisfaction Life satisfaction scales (e.g., SWLS) 

 Positive affect Affect scales (e.g., PANAS) 

 
Subjective well-being Composite of happiness, life satisfaction, and 

positive affect 

 
Psychological well-

being 

Composite of purpose in life, flourishing, personal 

growth, and self-acceptance 

Ramadhan et al. 2024 

Mental well-being Aggregated from various scales measuring general 

psychological functioning and emotional state 

(unspecified tools) 

 
Depression Composite of validated depression inventories 

across studies (e.g., CES-D, BDI) 

 Life satisfaction Life satisfaction scales (e.g., SWLS) 

 
Stress Perceived stress scales (e.g., perceived stress 

scale) 

Burnell et al. 2025 
Overall well-being 
 

Aggregated from various scales measuring 5 positive and 5 negative well-

being indicators 

 

 

Positive well-being 

 

 

Negative well-being 

Composite of validated scales assessing life 

satisfaction, positive affect, mental well-being, 

self-esteem, and happiness 

Composite of validated scales assessing 

depression, loneliness, anxiety, negative affect, 

and stress  
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177.  Ferguson (2024) conducted one of the broadest meta-analytic reviews of 

experimental studies linking social media use to mental health outcomes. However, a key 

methodological limitation was his aggregation of disparate outcome measures (e.g., depression, 

anxiety, self-esteem, affect, body image and life satisfaction) into a single composite indicator of 

“mental health”. He justified this by citing high intercorrelations between these constructs and the 

aim of reducing Type I error from selective reporting. This approach led to among the highest 

degree of statistical heterogeneity (an indicator that studies are too different from each other), 

masking intervention-specific effects on discrete constructs. The meta-analyses described above 

and depicted in Tables 2 and 3 clearly demonstrate stronger effects between SMU and negative 

indicators of mental health compared to SMU and positive indicators of mental health. Thus, the 

pooling of these positive indicators of well-being with negative outcomes dilutes the effects of 

intervention on negative indicators.  

178. Liu et al. (2025) found that effect sizes for specific negative outcomes were notably 

stronger than Ferguson's aggregated estimate (Cohens’ d=0.088). In Liu’s model, social media 

detox yielded a relevant and statistically significant effect on negative indicators such as 

depression and anxiety (Cohens’ d=0.239), and on positive indicators like life satisfaction and self-

esteem (Cohens’ d=0.231). Ramadhan et al. (2024) similarly demonstrated that depression 

outcomes were most responsive (Cohens’ d=-0.29), while effects on life satisfaction and stress 

were non-significant. 

179. These findings demonstrate that blending disparate constructs may result in 

underestimation of true effects. While some domains (e.g., depression) are sensitive to short-term 

behavioural interventions, others (e.g., global life satisfaction) may be more stable and less 

amenable to change in response to reducing or removing SMU. When meta-analyses do not 

preserve this distinction (blending outcomes into composites), they are at significant risk of 

drawing inaccurate or overly conservative conclusions (Armstrong & Westerhout, 2017).  

5.3.2.5.2. Underestimation by Blending Cumulative Exposure and Brief Abstinence 

Studies 

180. All abstinence studies were short-term, with some interventions lasting a few days 

and others lasting 7 days (or longer). Short-term abstinence interventions that measure change in 

mental health and well-being symptoms over a few days may conflate therapeutic disconnection 

with initial psychological costs, such as withdrawal symptoms or FoMO. Indeed, Thrul et al. 
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(2025) conducted a moderator analysis comparing effects of abstinence/reduction intervention 

length of less than or more than one week using the same data from Fergusson’s meta-analysis. 

Thrul et al.’s re-analysis revealed that very-short interventions (<1 week) led to a decrease in 

mental health (Cohens’ d=-0.175, 95% CI [-0.31, -0.04]), whereas interventions lasting for one 

week or more led to improved mental health scores (Cohens’ d=0.156, 95% CI [0.03, 0.28]).  

181. This pattern of findings highlights the potential withdrawal effect. More 

specifically, FoMO and withdrawal symptoms appear to be central contributors to the short-term 

adverse effects observed during digital abstinence (Brown & Kuss, 2020; Eide et al. 2018). 

Participants accustomed to frequent digital engagement often exhibit elevated anxiety or 

restlessness upon sudden disconnection (Hall et al. 2019). This emotional response mirrors 

withdrawal responses observed in both substance-based addictions and behavioural addictions, 

wherein brief interruptions can intensify negative affect before any psychological benefits emerge 

with continued abstinence (Fernandez et al. 2020). Consequently, interventions limited to one 

week or less may systematically underestimate the potential positive outcomes of digital 

detoxification, as participants may not be afforded sufficient time to physiologically and 

emotionally recalibrate.  

182. Thrul et al. (2025) also modeled the intervention effects as a function of duration 

of social media abstinence/reduction and identified a curvilinear pattern, revealing that stronger 

benefits are observed for longer interventions with optimal mental health benefits at three weeks 

of intervention (Figure 1). Unfortunately, effects for even longer durations were poorly estimated 

given the lack of studies, but given the trend to psychological benefits increases with the length of 

SMU reduction/abstinence, it stands to reason these benefits would be maintained or perhaps 

strengthened over time (assuming lower use of SMU is maintained).  
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Figure 1. Plot of curvilinear relationship between social media use reduction / abstinence intervention length in weeks and effect 
size on mental health outcomes (k=19 studies) (Thrul et al. 2025)

5.3.2.5.3. Effect Obfuscation by Blending Type of Intervention

183. Full-abstinence protocols instruct participants to cease using one or more social 

media platforms entirely. These are arguably the simplest to implement logistically, yet the 

literature demonstrates highly variable results (some even negative) due to the FoMO or 

withdrawal processes discussed above. Lemahieu et al. (2025), for instance, focused solely on full 

abstinence in their meta-analysis and reported mostly null effects for positive affect, negative 

affect, and life satisfaction. The narrower scope and the short durations typical of these studies are 

confounded by withdrawal effects from sudden cessation, which may explain these neutral pooled 

estimates. Moreover, full long-term abstinence is not a realistic solution for most youth in the 

current digital era. 

184. A middle ground is the strategy of limiting social media to a certain daily amount 

(e.g., 30 min/day) or restricting it to specific times. This approach seeks to reduce overexposure 

without triggering FoMO as acutely as full abstinence. In Liu et al.’s analysis, reduction-based 

interventions produced moderate but generally positive effects, often in the d=0.15-0.23 range for 

outcomes like life satisfaction or depressive symptoms. For participants without clinical-level 

distress, a reduction strategy strikes an optimal balance between preserving beneficial aspects of 

digital connectivity with moderate use, a concept known as the Goldilocks Hypothesis. As shown 
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in the observational evidence, mild SMU was associated with little harm, in contrast to heavy or 

problematic use. Moreover, the contrasting effects of meta-analyses that only studied abstinence 

(Lemahieu et al., showing no effect on mental health due to confounding of withdrawal) with small 

beneficial effects for reduction studies (Liu et al. 2025), clearly demonstrates these disparate 

effects emanating from different intervention designs should not be pooled, and doing so obscures 

the true effect of each type of intervention.  

5.3.2.5.4. Underestimated Effects of SMU Reduction Interventions Due to Floor Effects 

185. As reported in Table 8 and the discussion above, most experimental studies show 

that reducing SMU leads to significant reductions in mental distress and increases in well-being, 

with small effect sizes. It is critical to note that these intervention effects occurred in populations 

of children and youth who are, on average, healthy and not showing any elevated symptoms of 

emotional distress and, as such, have little room for measurable improvement from intervention. 

These “floor” effects observed in the general population underestimate effects reflecting casual 

relationships between SMU and mental distress in experimental studies, functionally (and 

artificially) attenuating treatment effects and reduced statistical power to detect change.  

186. A more rigorous test of the experimental hypothesis that reducing social media use 

improves mental health would involve the selective recruitment of individuals experiencing 

psychological distress, such as those with symptoms of depression or generalized anxiety. These 

populations stand to benefit most from interventions and provide a more sensitive context for 

detecting changes in mental health outcomes. Targeting these populations maximizes the potential 

for clinically meaningful outcomes while maintaining ethical standards, and avoids unnecessary 

exposure to harm (i.e., examining causality on mental health by increasing social media exposure).  

187. Three randomized controlled trials addressed these “floor effect” limitations by 

evaluating intervention effects in those with elevated distress. Hunt et al. (2018) found that 

reducing SMU to 30 minutes per day for 4 weeks (n=143 participants), with SMU objectively 

verified by participants’ sending screenshots of daily SMU using screen time tracking features 

embedded in smartphones, showed that depression symptoms reduced more than controls, with a 

small effect size. However, when they performed a sub-group analysis of the impact of SMU 

reduction on those with elevated depression scores at baseline, the intervention effects became 

large and clinically significant. Specifically, Hunt et al. (2018) divided youth above (high 

depression) or below (low depression) a clinical cut-off score of 14 on the well validated Beck 
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Depression Inventory. In the high depression group, reducing SMU led to reductions in depression 

scores from 23 at baseline to 14.5. This reflects a 37% symptom reduction, exceeding the 17.5% 

(6-7 point) symptom reduction considered to represent the smallest change from treatment that is 

considered clinically meaningful, a threshold known as the minimal clinically important difference 

(MCID) score. In contrast, youth high in depression in the control group showed no change in 

depression symptoms. Youth with low depression in the intervention group still showed a 

significant reduction in depression scores relative to low-depression controls, though a small 

effect, despite exhibiting very low symptoms (i.e., BDI=5).  

188. Building on these findings, Hunt et al. (2021) conducted a replication study but 

added a third group to the experimental design to assess whether type of use (active vs. passive) 

influenced intervention response. The authors randomized 150 transitional aged youth 

(undergraduate students) to one of 3 groups: 1) SMU reduction to 30 min/day but with more active 

posting from baseline, 2) SMU reduction to 30 min/day with no instruction to change to active or 

passive use, or 3) control group who could use social media as much as they wish. Results 

replicated Hunt et al.’s previous finding that reduced social media led to greater reductions in 

depression compared to controls. Surprisingly, the group who only reduced SMU showed 

significantly greater reduction in depression compared to the group who reduced SMU and was 

told to increase their active use, although this active use group still showed therapeutic benefits 

compared to control, and effects were small as expected. However, when they examined 

moderation effects of baseline depression, the intervention effects for those with high depression 

scores relative to controls with high depression scores become very large (Cohen’s d=1.9 for SMD 

change, d=2.7 at 4 weeks only), reflecting 25% reduction in depression symptoms, where controls 

with high depression increased symptoms from baseline to 4-weeks. Specifically, the mean Beck 

Depression Score (BDI) in the intervention group with high depression at baseline was 19.8 

(SD=2.89), and decreased to 14.8 (SD=5.41), whereas the control group with high depression at 

baseline had a BDI score of 24.0 and that increased to 28.6 post-intervention. This translates to 

mean difference in pre-/post-change scores of 7.5, and a mean difference between groups of 13.8 

at 4 weeks. Both of these effects are large intervention effects that exceed the MCID threshold 

denoting clinical significance (Jaeschke et al. 1989), and remarkably, this high degree of clinical 

benefit occurred in only 3 weeks of reducing SMU, highlighting its causal relationship to 

depression in those who are experiencing depression symptoms. Conversely, there were only weak 
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benefits from SMU reduction in those not depressed, likely due to floor effects, as discussed above. 

Interestingly, this effect was not observed for the reduction + active SMU group in that those with 

high baseline depression showed no change from intervention in depression scores, and a further 

sensitivity analysis reported that those with very active use showed an increase in symptoms. This 

is the first study to experimentally examine how changing active vs. passive use within a context 

of SMU reduction impacts mental health. Hunt et al. (2021) concluded that reducing SMU but 

maintaining the same degree of active use has very strong therapeutic effects on depression among 

those with high baseline depression. However, increasing active use within a context of SMU 

restriction beyond what is typical will yield little benefit and could be harmful or counter-

productive in some vulnerable youth.  

189. Similarly, we (Davis & Goldfield, 2024) conducted an experimental SMU 

manipulation study on 219 youth modeled after Hunt et al.’s study, except our study targeted youth 

with some symptoms of distress. We also used a more liberal SMU restriction; we limited SMU to 

1 hour per day (instead of 30 minutes used by Hunt et al. 2018). Our manipulation check showed 

good adherence, though not perfect, as participants in the experimental condition used SMU an 

average of about 75 minutes for the 3-week intervention period, representing about a 50% 

reduction from baseline (p<0.001), whereas controls who had unrestricted access to SMU showed 

no change in SMU. Like Hunt et al. our intervention showed small but statistically significant 

beneficial effects on depression, anxiety, and FoMO, and we extended the literature to be the first 

to demonstrate increases in sleep (45 minutes/night) and enhanced body image relative to control 

(Davis & Goldfield, 2024; Thai et al. 2024). However, when we examined intervention effects in 

those with higher baseline distress relative to controls with high baseline distress, effect sizes 

became much larger and clinically significant. For example, in those in the experimental group 

scoring above the clinical threshold in anxiety measured by the Generalized Anxiety scale (GAD-

7), reduction of SMU led to a 33% reduction in anxiety symptoms, exceeding the minimal 

clinically important difference score of 4 points (Plummer et al. 2016), whereas controls showed 

no change in anxiety symptoms (Cohen’s d=0.64, moderate-sized). Conversely, the differences in 

change scores on anxiety between intervention and controls in those with low anxiety at baseline 

was minimal (Cohen’s d=0.07), highlighting the floor effect observed in the meta-analyses 

reported above. These effects between those high and low anxiety are displayed in the figure below.  

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 87 of 496



87 
 

 
Figure 2. Changes in anxiety symptoms by condition with high and low baseline GAD-7 scores 

Davis & Goldfield (2024). 

    

 

5.3.2.6. SMU and Mental Health Outcomes: Conclusions 

190. Taken together, the experimental evidence demonstrates a causal link between 

SMU and poor mental health is present in rigorous studies, though the consistency of therapeutic 

effects is likely limited or negated by methodological limitations. Our study findings and those of 

Hunt et al. (2018, 2021) clearly demonstrate that effects increase to the moderate to very large 

range. These effects reflect symptom reduction that is clinically significant, indicating a strong 

causal relationship between SMU and anxiety and depression when the pervasive limitation of 

floor effects observed in all experimental studies is properly addressed. 

5.3.2.7.  Experimental Studies on Body Image: Acute and Sustained Interventions  

5.3.2.7.1. Acute Interventions 
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positive comments or captions, empowering slogans, comments rejecting the appearance-ideal, a 

low number of likes/follows, weight loss discouragement messages, and/or icons indicating that 

photo manipulation had taken place. Although significant, this contextual effect indicating greater 

harm to body image when exposure to the appearance-ideal is in a context that socially reinforces 

the ideal on SMU (from family and peers) was small.  

192. The meta-analysis by McComb et al. (2023) was designed to test social comparison 

theory as an explanation of how social media exposure may harm body image in 48 experimental 

studies and more than 7,500 participants and nearly 120 effects.  Consistent with social comparison 

theory, when participants were exposed to images of attractive people to induce upward social 

comparisons, their rating of body image, well-being, and self-esteem were significantly lower than 

when images elicited downward social comparisons or control images.  Interestingly, in the 36 

effect sizes that compared upward comparison targets vs downward comparison targets, the effect 

size was smaller (g= -0.16, p=0.006) than the comparison of upward social comparison to neutral 

content (g= -0.27). Similar to de Valle et al, there were no differences in effects on body image in 

studies that allowed participants to use their personal social media in comparison to neutral image 

controls.  Neither gender nor age moderated these effects, though both were limited in variability, 

which as discussed above, biases effects toward the null hypothesis (Lash et al., 2021).  Given it 

is well known that the majority of comparisons on social media are upward in nature due to the 

“firehose” of portrayals of influencers and models that represent the unattainable societal ideal, 

further beautified by filters and photo editing software, it is not surprising that previous systematic 

reviews and meta-analyses have long reported harms in the form of body dissatisfaction and 

disordered eating from high SMU (Holland & Tiggerman 2016).  

5.3.2.7.2. Quality Assessment of Experimental Evidence of SMU and Body Image 

193. In terms of study quality, in de Valle (2021), none of the studies were assessed as 

being at ‘high risk’ of bias due to the randomisation process, but 17 studies (47.2%) were rated as 

having ‘some concerns’, mostly due to there being insufficient information to determine whether 

the allocation sequence was concealed prior to participants enrolling and being assigned to a 

condition, and to determine whether assignment to conditions was random. Absence of reporting 

this information, which results in a lower quality of score, does not mean authors violated these 

procedures, only that they did not report them. Similarly, McComb et al. (2023) adapted the Downs 

and Black Quality Assessment Checklist (Downs & Black, 1998) to assess the quality of studies 
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included in the meta-analysis. Each study was scored out of 20, with higher scores indicating 

greater quality. The overall methodological quality of the studies was M = 15.26, SD = 1.88, 

indicating moderate to high quality, on average.  The items with the lowest scores were “Power” 

and “Blinding of Participants,” due to several studies not reporting sufficient information 

addressing these criteria, similar to de Valle et al. (2021). Results from the meta-regression 

indicated that the overall effect size was not affected by study quality, 

194. Taken together, these meta-analyses provide strong evidence of a causal link 

between acute exposure to appearance-ideals commonly portrayed on social media and body 

image disturbances, an effect that is exacerbated when exposure is accompanied by social approval 

and endorsement of these images, which is commonplace. It is important to note these effects were 

demonstrated in the laboratory in mere minutes, and some of the studies simply had participants 

use their social media platforms as they normally would and did not manipulate exposure to the 

ideal yet found the same effects. Given brief exposure (minutes) leads to greater body image 

dissatisfaction, the authors concluded that it is reasonable to believe that repeated exposure to the 

appearance-ideal in visual-based platforms such as Instagram/Facebook/TikTok accumulate over 

time, leading to long-term damage to body image, increasing vulnerability to eating disorders 

(Danthinne et al. 2020; de Valle et al. 2021).  

5.3.2.7.3. Sustained Reductions/Abstinence  

195. No published meta-analyses have quantified the effects of either social media 

abstinence or reduction on the effects of body image and disordered eating, but this has been an 

area of inquiry in several recent experimental studies. Two studies examined abstinence (de 

Hesselle & Montag 2024 and Mikami et al. 2024), two studies from my laboratory examined SMU 

reduction (Thai et al. 2021; Thai et al. 2023), and one study compared instruction on promoting 

adaptive use versus abstinence. Only one study examined abstinence on disordered eating 

(Dondzilo et al. 2024) 

196. In a pilot study, we randomized 38 transitional-aged youth (17-25 years) presenting 

with elevated symptoms of anxiety/depression to the intervention (n=16), where SMU was 

restricted to 60 minutes/day, or to the control group (n=22), where SMU was not restricted. SMU 

on smartphones was objectively monitored via screen-time trackers in participants’ smartphones 

submitted daily during baseline (1-week) and intervention (3-week) periods. Results indicate that 

the intervention participants showed a significantly greater increase in appearance esteem over the 
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minutes/week post-intervention). Results showed the abstinence group reported significantly 

greater reductions in total disordered eating scores (p<0.002, d=0.63, moderate to large effect) 

compared to controls who showed no significant change (p=0.77, d=0.07, small effect). Regarding 

symptom change between groups, the abstinence group showed a 33% decrease in eating disorder 

symptoms from abstinence compared to 2.9% reduction for controls. This level of symptoms 

reduction in disordered eating is considered clinically meaningful, if sustained. 

199. Lastly, Mikami et al. (2025) compared the impact on mental health and well-being 

of two interventions relative to control (change a behaviour not influencing mental health); a 

tutorial aimed at promoting more adaptive SMU or an abstinence condition among 329 Canadian 

adolescents and young adults. SMU was verified by screenshots of use daily and self-report over 

4 timepoints over 6 weeks (baseline, 2, 4, and 6-weeks). Both interventions involved 

administration of 3 instructional modules around 15 minutes in length and contained videos, 

graphics, and activities for participants to engage with the material. The tutorial intervention group 

was designed to promote more adaptive SMU based on cognitive behavioural therapy techniques 

such as reducing cognitions leading to self-presentation pressures, trying online behaviours to 

connect with others in a meaningful and positive manner, digital literacy skills around 

understanding that posts/pictures may be curated and digitally enhanced so as to combat social 

comparisons, and being encouraged to  unfollow or mute accounts that were leading to unhealthy 

social comparisons. Lastly, the tutorial involved coaching on how to engage with people in SMU 

in which they wanted to deepen their friendship and prioritize effective active engagement over 

passive scrolling. The abstinence condition was encouraged to cease or reduce SMU as much as 

possible for the full 6-week study duration. They were shown videos and testimonials of people 

deriving mental health benefits from taking a break from SMU, encouraged to delete their social 

media apps or use software to restrict SMU to certain hours/day, and coached on self-statement 

helping to combat urges to check their SMU. Controls got information on the history and culture 

of social media but were not asked to change behaviour. Both interventions resulted in less SMU, 

less active and passive use, and less overall social comparisons in comparison to controls. 

However, only the tutorial group showed significantly greater reductions in FoMO and loneliness 

and negative social comparisons relative to controls, whereas the abstinence group showed greater 

reductions in depression relative to controls, but the adaptive tutorial intervention group did not. 

Surprisingly and counter-intuitively, neither intervention group significantly influenced body 
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image despite the reductions in social comparisons in both groups. Mikami et al. stated it was not 

surprising given the goal of the tutorial group was to connect with friends in more meaningful 

ways.  

5.3.2.7.4. SMU Experiments on Body Image: Conclusion 

200. The experimental evidence clearly demonstrates that both short-term exposure to 

appearance-ideal on social media and everyday engagement with these platforms can significantly 

harm body image, particularly in high-risk contexts laden with social approval cues. While no 

meta-analyses have yet captured the full impact of SMU reduction or abstinence on body image 

and disordered eating, recent experimental studies have shown that even brief interventions—such 

as limiting daily use or abstaining altogether—can lead to small but significant improvements in 

body satisfaction, self-esteem, and reductions in disordered eating symptoms. Collectively, these 

findings demonstrate that regular engagement with appearance-focused social media material 

poses a tangible risk to psychological well-being, especially in young and vulnerable users. 

5.3.3. EPIDEMIOLOGICAL AND EXPERIMENTAL EVIDENCE REVIEW: 

CONCLUSION  

201. The weight and totality of the evidence examined in my systematic literature review 

demonstrates that Defendants’ social media platforms cause or contribute to cause mental health 

harms to children and youth. 

5.4. MECHANISMS AND PATHWAYS: HOW SMU IMPACTS THE MENTAL HEALTH 

OF CHILDREN AND YOUTH 

5.4.1. MECHANISMS LINKING SMU AND POORER MENTAL HEALTH AND WELL-

BEING 

202. Several mechanisms have been proposed to explain how high SMU or PSMU may 

lead to psychological harms. The most well-studied and evidenced-based mechanisms of harm are 

based on Social Comparison Theory and Displacement Theory, but additional mechanisms include 

quality of use factors such as online risky behaviours, harmful experiences (algorithmic 

aggregation of fitspiration and thinspiration ideals, eating disorders, and self-harm; 

sexualization/objectification of adolescents; and social contagion), digital stress and 

neurocognitive (inattention, impulsivity/inhibitory control). As noted by Orben et al. (2024), these 

mechanisms are not mutually exclusive, and their relative strength will vary between individuals, 
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outcomes, social media platforms studied (visual vs. non-visual) and interact with other 

developmental vulnerabilities that amplifies harm (Orben et al. 2024; David & Goldfield, 2024). 

Figure 3 depicts the various mechanisms studied and their pathways linking SMU, PSMU, and 

SMU addiction and 3 classes of outcomes; 1) mental health and well-being; 2) maladaptive 

behaviours (disordered eating, self-injurious behaviours/suicidal ideation, risky behaviour and 

substance use) and 3) academic performance/achievement. 

 

 
Figure 3. SMU, PSMU and social media addiction are connected to several mechanisms of harm which are connected to 

outcomes. 

5.4.2. SOCIAL COMPARISONS AS A MECHANISM OF HARM 

203. Social comparison theory posits that humans have an innate motivation to compare 

themselves to others, driven by the need to establish accurate self-appraisal (Festinger, 1954). 

Adolescence and young adulthood are a time when self-comparisons are at their peak, reflected by 

a natural developmental process involved in identity formation and self-concept (Erikson, 1950). 
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There are two main types of social comparisons: upward and downward. Upward social 

comparison occurs when someone compares themselves against someone who they perceive to be 

superior, often motivated by self-improvement but commonly results in feelings of reduced self-

esteem and heightened negative emotional states (e.g., envy, anxiety, depression, etc.). Conversely, 

downward social comparisons occur when the individual compares themself to another who they 

perceive to be inferior, predominantly motivated by self-enhancement, resulting in enhanced mood 

and self-perceptions of appearance and/or abilities (Festinger, 1954). In a meta-analysis of over 60 

years of research on social comparisons, data show that individuals predominately tend to make 

upward (i.e., negative) social comparisons, leading to contrast judgments and negative evaluations, 

which are more potent when the comparison targets were a close connection (i.e., similar to 

oneself). This tendency for upward social comparison is stronger in adolescents and young 

adulthood and weakens with age (Callan et al. 2015). Females have been found to engage in more 

upward social comparison than males. Given upward negative comparisons are implicated in the 

development of many psychological disorders, this likely explains the higher rates of anxiety, 

depression, body dysmorphia and eating disorders in females compared to males.  

204. Media exposure has long been documented to lead to body image disturbance and 

eating disorders due to repeated exposure to, and internalization of, unattainable beauty standards. 

However, social media provokes more frequent and extreme upward comparisons because users 

frequently present idealized versions of themselves, including using beauty filters and body 

modification features to manipulate their images (McComb et al. 2023; Yoon et al. 2019). The 

result of such posts is an online social environment that predominantly elicits upward social 

comparisons and limits downward comparisons that could enhance self-evaluation (Midgley et al. 

2020) with overwhelmingly negative impacts on body image and mood (Kim et al. 2021). Indeed, 

as described above and depicted in Tables 2 and 3, one of the most consistent findings from the 

meta-analysis is that higher social media use and PSMU are associated with moderate to large 

sized effects on greater internalization of unrealistic ideals and more severe body image 

disturbances. Moreover, these effects are more pronounced on image-based social media platforms 

and appearance-focused use (Saiphoo & Vahedi, 2019; Huang et al. 2021; de Valle et al. 2021). 

Interestingly, in meta-analysis of laboratory experiments that manipulated ideal images vs. other 

images on social media, it is not surprising that exposure to the ideal images produced stronger 

negative effects on body image, and these were potentiated when images were associated with 
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comments and captions, highlighting the harmful effects of context in social media (de Valle et al. 

2021).  

205. Although higher social media use is often found to be associated with more frequent 

upward social comparisons in observational studies (Yoon et al. 2019), the most compelling 

mechanistic data to support social comparison as an explanatory mechanism comes from a recent 

meta-analysis aimed at establishing causality via examination of experimental evidence that 

manipulated exposure to upward social comparisons on social media. Specifically, McComb et al. 

(2023) showed in 48 studies among 7,679 adolescents and young adults (mean age=22.4 years, 

75% female), that manipulated exposure to upward social comparison targets in the laboratory 

resulted in significantly stronger negative effects than downward social comparison and controls 

on body image (g=-0.31), mental health (g=-0.21), self-esteem (g=-0.21), and subjective well-

being (g=-0.19). McComb et al. did not find any age or gender effects. However, the majority of 

studies were in adolescents or young adults, and only 25% of the pooled analysis was male, 

limiting statistical power to detect differences. Strikingly, several studies manipulated exposure to 

upward social comparisons by simply allowing participants to use their personal social media 

platforms in the lab as they would in their natural environment. This natural use of social media 

produced comparable negative psychological effects as the manipulated/filtered images designed 

to evoke upward social comparisons via text and appearance-based images (McComb et al. 2023). 

In one of these laboratory studies that compared those who browsed their social media in the lab 

vs. control, results revealed that participants experienced immediate negative effects on their self-

evaluations after viewing each post, and that these effects were cumulative and resulted in declines 

in self-esteem, mood and life satisfaction. Similarly, Kim et al. (2021) found that SMU was 

associated with greater upward social comparisons, and contrastive upward social comparisons 

leading to emotions (i.e., envy, depression) mediated the relationship between problematic social 

media use and lower self-esteem.  

206. A few experimental studies have examined the effects of reducing or abstaining 

from social media on social comparisons to evaluate the degree of causality. As predicted, 

abstaining from social media for 2 weeks significantly reduced social comparison compared to 

controls among users aged 17-29 years (Mikami et al. 2024), likely through exposure to less 

triggers to socially compare due to reduced usage.  
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207. Taken together, these findings from meta-analytic experiments and observational 

studies provide compelling evidence that higher social media use causally contributes to negative 

mental health impacts via exposure to idealized images and over-representation of positive 

experiences that evoke upward (unfavourable) social comparisons. Moreover, these processes 

happen quickly (minutes) and appear to cumulate with exposure.  

5.4.3. DISPLACEMENT THEORY 

208. Displacement theory was initially developed to explain why television viewing is 

associated with poorer physical and emotional development (Neuman, 1988) but has recently been 

applied to the social media context. Briefly, displacement theory posits that the excessive amounts 

of time spent on these platforms (national average>3 hrs/day) harms mental health and undermines 

academic performance by displacing time spent in healthy behaviours (sleep, physical activity, in-

person social interaction with friends and hobbies) known to promote mental health, cognition and 

brain health (Kraut et al. 1998).  

5.4.3.1. Displaced Sleep 

209. One of the most widely investigated and empirically supported health behaviours 

that is displaced by social media is sleep. Sleep duration and sleep quality are well documented to 

be integral for the promotion of good mental health and well-being. For example, a meta-analytic 

review by my close colleague, Dr. Jean-Philippe Chaput, from our Healthy Active Living & 

Obesity Research group at our Children’s Hospital and University of Ottawa showed that in 141 

articles (110 unique samples), including 592,215 children and adolescents, longer sleep duration 

was associated with better emotion regulation and emotional well-being, quality of life, and better 

academic achievement (Chaput et al. 2016). Moreover, meta-analytic studies of longitudinal 

findings show the lower sleep duration and sleep problems predict self-injury and suicide, even 

after controlling for poor mental health (Liu et al. 2021), highlighting sleep disruption’s causal link 

to self-injurious thoughts and behaviours.  Thus, identifying modifiable determinants of sleep, such 

as social media, is of paramount importance.  

210. Approximately 80% of adolescents use social media and other digital technologies 

before bedtime (Hysing et al. 2015). This may adversely affect sleep duration or quality in many 

ways. First, the use of these devices may directly displace, delay, or interrupt sleep time, resulting 

in inadequate sleep quantity (Brautsch et al. 2023). The sound of notifications and vibrations from 

social media may interrupt sleep. Second, the screens of smartphones and tablets emit blue light, 
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which can suppress the production of melatonin, the hormone responsible for regulating sleep-

wake cycles (Brautsch et al. 2023). Third, consuming emotionally charged materials, distress from 

unfavourable comparisons, or engaging in online exciting or stressful interaction, can increase 

emotional arousal, making it challenging to fall asleep. This emotional arousal can also lead to 

disrupted sleep and nightmares (George et al. 2024). Indeed, our group and others have shown that 

social media is associated with later bedtime in adolescents and less sleep duration and poorer 

quality in a dose-response manner (Sampasa-Kanyinga et al. 2019; Sampasa-Kanyinga et al. 

2020). These epidemiological findings from individual studies are supported by meta-analytic 

reviews of cross-sectional and longitudinal observational studies showing moderate-to-large effect 

sizes (using Funder & Ozer’s criteria) for general SMU (r=- 0.28) and PSMU (r=0.35) (Han et al. 

2021). Moreover, colleagues in my research group have conducted mediational studies showing 

that the relationship between high SMU and poorer mental health is mediated through reduced 

sleep, whereby SMU leads to less sleep (or greater sleep problems like insomnia), which in turn 

leads to greater depressive symptoms and poorer mental health/well-being (Sampasa-Kanyinga et 

al. 2018). The negative impacts of social media on mental health via reduced sleep quality was 

also demonstrated in a recent systematic review of both cross-sectional and longitudinal studies 

(Alonzo et al., 2021), findings that align and support the meta-analyses reported above.  

211. Experimental studies provide the strongest evidence of causal relationships. To my 

knowledge, the only experimental evidence examining the relationship between social media use 

and sleep has been conducted in my laboratory. More specifically, Davis and Goldfield (2024) 

randomized 220 youth aged 17-25 years to either reduce SMU to 1 hour per day or to a control 

group that were allowed to use SMU as usual, with no restrictions. We objectively verified strong 

adherence to the intervention via daily screenshots of SMU measured by the screentime function 

embedded in smartphones, strengthening the internal validity of the findings. Results confirmed 

the manipulation of SMU, with the intervention group reducing approximately 50% from baseline, 

and control showing no changes across the 4-week study period. Results showed that the 

intervention group that reduced SMU reported spontaneous increase in sleep by about 30 

minutes/night, whereas controls reduced sleep by 15 minutes/night, representing a net surplus of 

45 minutes/night (Davis & Goldfield, 2024), and these increases in sleep were associated with 

reductions in anxiety, depression, and FoMO. Taken together, these findings offer compelling 

experimental and observational evidence that high social media use directly contributes to reduced 
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sleep, which in turn plays a key role in worsening mental health outcomes – including suicidality 

– highlighting sleep displacement as a critical pathway through which social media exerts its 

mental health effects. 

5.4.3.2. Displaced Quantity/Quality of Parent-Child Relationships 

212. Another mechanism of harm from social media is displacing time spent socially 

interacting between parents and children and engaging in recreational activities as a family 

(Throuvala et al. 2021). Adolescence is a developmental period in which there is a marked shift of 

influence and relatedness from parents to peers, a developmental process known as individuation 

(Branje et al. 2021; Mahler, 1974). However, parent-child attachment and relational strength has 

long been recognized as a critical factor in risk and resilience models for mental health and well-

being during adolescence. Decades of research show that strong parent-child and peer-to-peer 

attachments can act as strong protective factors against internalizing and externalizing behaviours 

in response to adverse childhood experiences and stressors (Achenbach & Dumenici, 2001), 

making them relevant risk/protective and mechanistic factors in the context of social media.  

213. In a study from my laboratory of almost 10,000 students aged 11-20 years (48% 

female), using social media for more than 2 hours per day was associated with greater odds of 

negative relationships between mother and daughter (OR=1.79), father and daughter (OR=1.56), 

and father and son (OR=2.19), but not mother and son (OR=1.17). However, using social media 

less than 2 hours was not significantly associated with parent-child relationships. These effects 

held after adjusting for confounders, including controlling for total screen time (Sampasa-

Kanyinga, Goldfield, Clayborne & Colman, 2019).  

214. A recent systematic review replicated our findings, showing that social media use 

was associated with lower family-connectedness, with stronger negative associations between 

social media use and communication within families than with affinity indicators (Tariq et al. 

2021). Similarly, a recent systematic and meta-analytic review found that in 75 studies that 

included 110,601 children and youth (aged 6-25 years), PSMU was associated with poorer parent-

child relationships (r=-0.27), and this relationship was significantly stronger than for excessive 

internet addiction (r=0.12), supporting that social media addiction is more harmful to parent-child 

relations. Moreover, similar to the results from the systematic review by Tariq et al. 2021, effects 

sizes were stronger for PSMU and communication (r=-0.23) than for PSMU and affinity (r=-0.10). 

It should be noted that virtually all studies are cross-sectional.  
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5.4.3.3. Displaced In-Person Time/Quality of Peer Relations 

215. Social media was designed to promote social connection between friends by 

providing instant connection opportunities not constrained by time or geography. It has been 

theorized, with some empirical support, that greater social media and greater numbers of 

friends/followers online stimulate feelings of social connection and support that can promote well-

being (Yin et al. 2019) and could buffer against harmful experiences (Frison et al. 2016). However, 

the increasing reliance on digital communication among adolescents has raised concerns regarding 

its impact on social competence by which excessive digital interaction may displace and thus erode 

the socio-emotional skills cultivated through face-to-face communication (Sala et al. 2024). 

Moreover, nonverbal cues, such as facial expressions and body language, play a crucial role in 

social interaction and emotional regulation. The absence of these cues in digital exchanges can 

hinder adolescents’ ability to interpret nuanced emotions, potentially impairing relational depth 

(Orben et al. 2024).  

216. Consistent with these findings, systematic review and meta-analytic data suggest 

social media is also associated with greater loneliness and less peer connectedness in a 

bidirectional manner (O’Day & Heimberg, 2021.; Zhang et al. 2022). These scientists explained 

that high social media use displaces quality of time spent socially interacting and communicating 

in-person with friends, factors known to promote relational bonding, support and social 

connectedness that may alleviate loneliness. Longitudinal research also shows that greater 

loneliness leads to greater SMU motivated by a desire for social connection, thus creating a cycle 

(O’day & Heimberg, 2021.; Zhang et al. 2022). Similarly, meta-analytic data suggest problematic 

SMU is negatively associated with peer relationships and positively associated with peer problems 

(r=-0.19) (Adriannie et al. 2024), with the explanatory hypothesis that this relationship is likely 

bidirectional: that PSMU displaces quantity and quality of peer interactions and that poor peer 

relations or more peer problems are risk factors for developing PSMU.  

217. Very few studies have experimentally examined how abstaining from or reducing 

SMU spontaneously impacts time spent in substitute behaviours, but the evidence available indeed 

supports displacement theory. Using an intensive diary study of time (re)allocation, Allcott et al. 

(2020) experimentally demonstrated that abstaining from Facebook led to spontaneous increases 

in time spent socializing with friends and family, whereas controls (non-abstinence) showed no 

changes in this regard. Interestingly, this abstinence effect on greater social interaction was more 
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a nationally representative sample of 40,389 U.S. 8th and 10th graders. Results showed that 

adolescents with higher amounts of time in interactive SMU had lower grades, but interestingly, 

this association does not appear to be due to less time in homework, raising the possibility that 

high SMU may affect academic performance through other mechanisms, such as sleep.  

221. Taken together, there is converging evidence that SMU and particularly PSMU 

displace time spent on homework, diminish connectedness to school, and reduce motivation to 

excel, contributing to lower academic achievement.  

5.4.3.5. Displaced Physical Activity 

222. Physical activity is an evidenced-based protective factor against mental health 

disorders. Even randomized controlled trials showing moderate-to-vigorous physical activity 

interventions yield comparable benefits on anxiety and depression as pharmacotherapy or 

psychological interventions (Singh et al. 2023). Several observational and experimental studies 

have examined the possibility that SMU leads to mental health problems through displaced 

physical activity. Using data from the Monitoring the Future survey, in a nationally representative 

sample of 43,994 American 8th, 10th and 12th grade students, Shimoga et al. 2019 showed that 

frequent use of SMU was associated with lower likelihood of vigorous physical activity in 

sedentary and moderately active students. Similarly, Sampasa-Kanyinga found among 9,388 7th-

12th grade high school students in Ontario, Canada, that using SMU for more than 3 hours/day for 

boys and 5 hours/day for girls was associated with lower odds of meeting the national physical 

activity guidelines (i.e., 60 minutes of moderate-to-vigorous physical activity). However, 

Morningstar et al. (2023) found the SMU intensity (frequency) was associated with greater 

physical activity in a large epidemiological study involving many countries. 

223. Only a few experimental studies have investigated high SMU as a possible 

mechanism of displaced physical activity. Brailovskaia et al. 2020 found among 246 adolescents 

and young adults (mean age 24.15 years) that reducing Facebook use by 20 minutes per day led to 

significantly greater increases in physical activity such as cycling or jogging (and reduced 

smoking) compared to controls at 4 weeks post-intervention and at 3-months post intervention. 

Brailovskiai replicated this initial finding in a 4-arm randomized controlled trial in 2023, which 

also showed that when participants who reduced SMU were instructed to increase their physical 

activity, this led to more pronounced and sustained mental health benefits compared to controls or 

the reducing-SMU-only condition. Interestingly, only the SMU reduction group showed reductions 
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in smoking behaviour, replicating her original finding, with a presumed mechanism of viewing 

less smoking material as a result of reduced social media exposure.  

224. Evidence from large cross-sectional and experimental studies suggest that high 

SMU displaces physical activity, which in turn, is known to increase vulnerability to developing 

poor mental health and wellbeing. Together, this growing body of evidence paints a strikingly 

consistent picture: SMU, particularly PSMU, is not only associated with poorer mental health, but 

it also undermines key protective factors across multiple domains of adolescent life. From 

disrupted sleep—now recognized as a critical mediator linking SMU to depression and reduced 

well-being—to strained parent/child and peer relationships and weakened school connectedness, 

the adverse effects of high SMU are broad and consequential. These patterns hold across large-

scale observational studies, systematic reviews, and emerging experimental work, reinforcing the 

robustness of these associations. Altogether, these findings underscore that SMU can erode the 

social, emotional, and behavioural foundations essential for healthy youth development. 

5.4.4. HARMFUL EXPERIENCES ON SOCIAL MEDIA AS MECHANISM OF HARM 

5.4.4.1. “Fitspiration” and “Thinspiration” 

225. Social media can also adversely impact children and youth by promoting unrealistic 

and potentially dangerous body ideals through recommender algorithms that aggregate this content 

and present it to users in an “infinite scroll” that promotes time distortion and prolonged 

engagement. Trends such as “fitspiration” and “thinspiration” expose adolescents to idealized and 

often digitally altered body images, encouraging unhealthy behaviours to attain unrealistic 

standards (Jeronimo & Carraca, 2022). Cataldo et al.’s research (2021) suggests that the 

idealization of extremely thin and toned bodies has contributed to the rise of exercise addiction, 

excessive control of eating habits, appearance-related anxiety, low self-esteem, isolation, and, 

consequently, lower quality of life. Similarly, in a systematic review of 20 studies on the effects of 

“fitspiration” exposure on young and adolescent women, Jeronimo and Carraca found that 

exposure led to increased social comparison and body dissatisfaction. However, Nuss et al.’s 

(2024) systematic review found that “fitspiration” exposure did not affect physical activity 

behaviour, perhaps because of the perceived unattainability of the idealized body types shown 

online. This suggests that “fitspiration” exposure is ineffective in promoting healthy physical 

activity habits and instead fosters passive comparison and negative body image. An analysis by 

Talbot and colleagues (2017) found that social media posts with the tags #thinspiration and 
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#bonespiration (which idealises the portrayal of protruding bones) contained more thin, objectified 

bodies when compared to fitspiration and suggests that exposure to such material may reinforce 

harmful thin ideals and potentially promote disordered eating behaviours. In fact, they cite that a 

search for the hashtag ‘bonespo’ on Instagram results in over 130,000 posts, quickly exposing users 

to a variety of materials in the pro-eating disorder community. 

5.4.4.2. Eating Disorders, Self-Harm, and Poor Mental Health 

226. Social media algorithms personalize feeds to reinforce harmful experiences such as 

eating disorders and self-harm. On TikTok, over 20 million users follow eating disorder-related 

accounts, and videos with related hashtags have amassed 13.2 billion views (Center for Countering 

Digital Hate, 2022). The Center for Countering Digital Hate conducted an experiment using 

TikTok accounts registered as 13 years old, the platform’s minimum age. Within 2.6 minutes of 

engaging with material related to body image and mental health, the algorithm recommended 

suicide-related material. Within 8 minutes, eating disorder-related material appeared. On average, 

the accounts received videos related to body image and mental health every 39 seconds. Many 

videos promoted harmful behaviours, such as weight-loss drinks, “tummy tuck” surgeries, 

chewing gum to suppress your appetite, and images of razor blades. Users with vulnerable account 

names (account names that contain vulnerable messages such as “lose weight”) received three 

times as many harmful videos and 12 times as many self-harm-related videos as standard teen 

accounts. 

227. The potential harm to young adults from repeated exposure to negative messaging, 

eating disorder promotion, and self-harm content is severe. Research by Rounsefell and colleagues 

(2019) found an association between social media use and increased body dissatisfaction, which 

in turn leads to disordered eating patterns and, in extreme cases, self-harm. These findings are 

further substantiated by Dane and Bhatia’s (2023) scoping review on the relationship between 

social media usage, body image, and eating disorders among young people (ages 10-24), which 

identified social media use as a plausible risk factor for eating disorder development. Evidence 

from 50 studies across 17 countries suggests that social media fosters social comparison, 

internalization of thin/fit ideals, and self-objectification, all of which contribute to poor mental 

health (Dane and Bhatia, 2023).  

228. Similarly, a study (Kleemans et al. 2016) investigated the effect of manipulated 

social media photos on young girl’s body image found that manipulated photos of girl’s bodies 
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were favoured over original photos. Alarmingly, participants described the manipulated photos as 

realistic and struggled to detect the reshaping of bodies, although they could identify photos where 

beauty filters were used. This raises concerns for adolescents’ abilities to distinguish between real 

and edited photos, partially explaining the negative impact on body image that enhanced photos 

exert (McComb et al. 2023; de Valle 2021).  

5.4.4.3. Sexualization and Objectification 

229. Exposure to sexualized images and those manipulated with beautification features 

on social media contributes to further self-objectification, body dissatisfaction, and mental health 

challenges among adolescents. In an experimental study by Vendemia & Fox (2024), youth were 

exposed to images of either sexualized peers, non-sexualized peers, or landscapes. The group who 

was exposed to images of sexualized peers reported the highest levels of appearance-related and 

sexually objectifying commentary and displayed high dehumanization of the individuals in the 

photos. Similarly, Ghaznavi & Taylor (2015) found that sexually suggestive images featuring ultra-

thin and bony women in revealing clothing tended to receive higher levels of social endorsement. 

These patterns reflect how social media environments can normalize and reward harmful beauty 

ideals and objectification. 

5.4.5. EFFECTS OF SOCIAL-EMOTIONAL CONTAGION ON SOCIAL MEDIA 

230. The American Psychological Association (APA, 2018) Dictionary of Psychology 

defines social contagion as “the spread of behaviours, attitudes, and emotions through crowds and 

other types of social aggregates from one member to another.” While research on the role of social 

media in facilitating social contagion has produced mixed results, there is clear evidence that social 

media significantly contributes to the dissemination and adoption of certain behaviours and 

emotions (Martinez et al. 2023).  

231. Notably, Facebook’s Core Data Science Team conducted an experiment involving 

nearly 700,000 Facebook users. Kramer et al. 2014 examined whether emotional states can be 

transferred to others through a process emotional contagion. Specifically, the study examined 

whether exposure to verbal messaging differing between positive and negative emotional valence 

influenced the emotional state of others, assessed by their own posting of verbal expressions that 

were consistent with emotions to which they were exposed (i.e. evidence of emotional contagion 

or not). The experimental manipulation involved two conditions; one that reduced exposure to 

positive messages in participants’ own News Feed, or the other that reduced exposure to the 
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number of negative messages in participants’ News Feed. The degree to which posts were positive 

or negative was measured by whether the post had at least one positive or negative word in it. Each 

of these experimental conditions was compared against separate control conditions, one involving 

a proportional reduction in randomly selected messages (regardless of being positive or negative) 

of the positive group, and 2.24% in the negatively reduced control.  

232. The study found that users who had exposure to more negative emotional messages 

reduced in their feeds, posted more positive emotional expression relative to controls. Conversely, 

when exposure to positive emotional messages was reduced, users' posts expressed more negative 

emotions. Importantly, Kramer et al. (2014) found a very small effect size (d=0.001) but they 

acknowledge that “given the massive scale of social networks such as Facebook, even small effects 

can have large, aggregated consequences” (Prentice & Miller, 1982; Bond et al. 2012), which 

perfectly aligns with Funder & Ozer’s conceptualization applied in this report. Kramer et al. (2014) 

further conclude: “we provide experimental evidence that emotional contagion occurs without 

direct interaction between people (exposure to a friend expressing an emotion is sufficient) and in 

the complete absence of nonverbal cues.” These findings clearly substantiate that SMU can 

causally contribute massive scale emotional contagion, and this occurs without the user even being 

aware of it, providing strong experimental evidence of a mechanism of psychological harm. It is 

also important to note that the Dr. Inder Verma, the Editor-in-Chief of the journal in which this 

manuscript was published, issued an editorial expression of concern, stating that Facebook 

conducted this study without obtaining informed consent from participants, contrary to best 

practices under the US Department of Health and Human Services Policy for the Protection of 

Human Research Subjects (the “Common Rule”). 

233.   Children and youth are particularly susceptible to social contagion due to their 

heightened sensitivity to peer influence and social pressure. A study by Swedo et al. 2021 examined 

the correlation between exposure to social media materials discussing a high volume of suicides 

in Ohio and suicidal behaviours among students in grades 7-12. The findings indicated that this 

exposure was significantly associated with increased odds of suicidal ideation and attempts. 

Similarly, research by Spinola et al. 2024 found a significant correlation between social media 

exposure to non-suicidal self-injury (NSSI) and engagement in self-harm, with 8.7% of UK 

participants stating that social media played a role in their self-harming behaviours. 
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234. Research findings on the impact of SMU on harmful behaviours are not uniformly 

negative. In a systematic review, Dyson et al. 2016 analyzed studies examining the use of social 

media to discuss and view self-harm-related material. While some studies found that social media 

reinforced self-harming behaviours, others highlighted its potential benefits in fostering a sense of 

community and support. One study reported that 41.8% of participants felt that belonging to an 

online group had reduced their self-harming behaviour. However, four high-quality studies 

identified potential risks, including an increased likelihood of suicidal ideation among users who 

belonged to multiple online communities with a high proportion of suicidal members. Another 

study found that 11% of respondents claimed that membership in an online self-harm group 

triggered self-harm behaviours (Dyson et al. 2016). Seong et al. 2021 also found mixed results in 

a survey of Korean students from grades 6-9 with a history of self-harm. They found that posting 

about self-harm was associated with increased odds of lifetime suicidality, whereas passively 

viewing such material did not show the same correlation (Seong et al. 2021). Niederkrotenthaler 

et al. (2022) suggest that the framing of the suicidal materials may be more important than material 

itself, with narratives focused on hope and recovery reducing suicidal ideation vulnerability in 

individuals. 

235. While research on social media's role in social contagion has yielded mixed results, 

a consistent thread across the evidence is that the way content is framed, shared, and engaged with 

can meaningfully influence users’ emotional states and behaviors—particularly among vulnerable 

youth. Facebook’s own research (Kramer et al. 2014) provided early experimental evidence that 

emotional contagion can occur at scale without users' awareness or direct interaction, underscoring 

the platform's knowledge of this psychological mechanism and its potential for harm. These 

findings, coupled with evidence linking social media exposure to increased risks of self-harm and 

suicidality in adolescents, highlight the significant risks of harm that children and youth face on 

Defendants' social media platforms. 

5.4.6. NEUROBIOLOGICAL AND NEUROCOGNITIVE MECHANISMS 

5.4.6.1. SMU and Neurobiological Mechanisms 

236. Adolescence is a developmental period in which brain structure and connectivity 

are highly plastic in the second decade of life, with enduring impacts on cognition. (Walhovd et 

al. 2015). As discussed above (and below), early adolescence may be a particularly vulnerable 

period because of brain maturation imbalances: reward and emotion-processing regions (e.g., the 
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limbic system) develop sooner than cognitive control regions (prefrontal cortex). This maturational 

imbalance can leave youth biologically predisposed to seek novel social rewards online while 

lacking full capacity for impulse control and risk evaluation (Orben; Blakemore, 2023). There is 

significant neurobiological evidence to support the maturational coupling hypothesis (aka 

structural correlational networks) (Alexander-Bloch et al. 2013), which states that structural brain 

changes and connectivity are a coordinated process that reflects an interaction between 

environmental exposures and biology that impact specific neural functions. As such, interest in the 

effects of social media use (SMU) on the adolescent brain is garnering increased scientific interest. 

Humans are hard-wired for social connection, and in the digital era, this often occurs via SMU 

(Alexander-Bloch et al. 2013, Vogels et al. 2022). 

237. As discussed elsewhere in this report, several neuroimaging studies provide 

compelling evidence that SMU is adversely associated with reward, social-emotional processing 

and cognitive control (self-regulation) centres of the brain (Meshi et al. 2013, 2015, 2016). 

Building on these initial studies, a recent review of the relationship between SMU and functional 

connectivity, brain structure and function, Wadsley and Ihssen (2023) examined 28 studies that 

incorporated structural (anatomical) MRI, resting-state fMRI, and task-based fMRI. Results 

showed that higher SMU was associated with greater activation in diverse neural networks, 

including mentalizing network, self-referential cognitive network, and salience and reward 

networks, and the default mode network, replicating and extending the early studies by Meshi and 

colleagues. Some of these studies indicate that the brain reward response to social reinforcement 

(i.e., likes) is even stronger than brain responses from potent primary reinforcers such as palatable 

food or money, highlighting the strong addictive properties of SMU. However, Wadsley and Ihssen 

(2023) caution against a causal interpretation because most studies used cross-sectional designs. 

Thus, it is uncertain if high SMU leads to adverse changes in brain structure or function, or whether 

these neural features make youth engage in more SMU. However, a few high-quality longitudinal 

studies and one experimental study effectively address the issue of causality.  

238. For example, in a large sample of youth (n=4,227), higher screen media use was 

associated with accelerated maturation (unfavourable outcome) characterized by a thinner cortex, 

reduced volume, and more complex patterns in sulcal depth. These effects were strongest effects 

in the visual cortex and areas that govern sensory processing and higher order executive functions 

(i.e., prefrontal cortex and posterior cingulate; Paulus et al. 2019). Interestingly, when screen type 
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was considered, SMU showed a distinct neural profile that was associated with reduced 

hippocampal thickness, lower inferior-temporal cortical gray matter volume, and importantly, 

lower scores on fluid intelligence and greater psychopathology.  

239. In a longitudinal study using an fMRI task of anticipation of social rewards, Maza 

et al. (2023) showed in a sample of 178 12-13-year-old adolescents who engaged in high (habitual) 

SMU checking showed divergent responses at baseline and altered brain development over time 

compared to moderate or low SMU checkers. Specifically, habitual checkers showed 

hypoactivation of the amygdala, posterior insula ventral striatum, dorsolateral prefrontal cortex 

(DLPFC) in response to anticipation of social feedback (simulating social media), whereas those 

with nonhabitual SMU checking showed hyperactivation in these same brain regions. Interestingly, 

these patterns reversed over time whereby habitual SMU checkers showing longitudinal increases 

in activation in these brain regions and nonhabitual checkers showing decreases in activation. 

Maza et al. (2023) hypothesized that the increased activation in the DLPFC may make it more 

difficult to control impulses to check their social media, and thus recruit PFC regions greater over 

time in attempt to gain cognitive control or self-regulation. Moreover, Maza et al. state that the 

repeated social reinforcement of SMU, functionally priming the salience and motivation brain 

reward networks, may override inhibitory control exerted by the DLPFC, creating a feedback loop 

that drives excessive checking and higher SMU.  

240. Achterberg et al. (2022) conducted a longitudinal study in 189 adolescents and 

young adults examining the longitudinal relationship between SMU, wellbeing and brain structure. 

Results show that structural brain differences between high and low social media users: higher 

social media use across time was related to higher baseline cortical thickness in lateral prefrontal 

cortex (LPFC) and medial prefrontal cortex (MPFC), and individuals with high social media use 

showed stronger decreases in the LPFC (cortical thickness) and TPJ (surface area), compared to 

individuals with stable low social media use across time. It is important to note the LPFC region 

of the brain governs executive functioning and cognitive control, so this finding of accelerated 

thinning of the cortex suggest these adolescents will exhibit greater difficulties in regulating 

behaviour and controlling impulses as a result of high SMU, consistent with findings from Paulus 

et al. (2019) 

241. In the only truly experimental neuroimaging study examining the impact of changes 

in SMU duration on functional brain connectivity (assessed via fMRI), Hu et al. (2022) instructed 
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light SMU users to increase their daily use of social media by 2-hours/day for 4 weeks, while 

heavy users functioned as the control group and were told to maintain heavy use of SMU over the 

4-weeks. Strikingly, baseline results showed that heavy users exhibited poorer functional 

connectivity compared to light users, but these group differences were attenuated at 4-weeks after 

light users increased their SMU. Moreover, this increase in SMU had widespread negative impact 

on “almost all brain networks.” This study, evaluated as high-quality by the systematic review 

from Wadsley and Ihssen (2023), provides the strongest evidence of a causal link between SMU 

and poorer functional brain outcomes.  

242. Many studies have investigated the impact of PSMU on the brain, and these are 

also nicely presented and summarised in the review by Wadsley and Ihseen (2023). Not 

surprisingly, they found the PSMU was associated with even more pronounced and broader 

impacts on brain function, connectivity and structure in brain regions that modulate self-referential 

processing, attentional networks, and even deficits inter-hemispheric communication networks.  

243. Taken together there is converging evidence that high SMU is both cross-

sectionally and longitudinally associated with adverse changes in brain function, connectivity, and 

structure in dopamine reward centres, socio-emotional processing and cognitive control regions. 

The longitudinal and experimental evidence, derived from methodologically rigorous studies, 

clearly indicate directionality of higher SMU and more frequent checking leading to brain changes 

indicative of heightened sensitivity to social reinforcement and punishment, and simultaneous 

reduction in self-regulation. This neural imbalance is believed to amplify risk of mental health 

harms and problematic use of SMU (Crone & Konjin, 2018). These prospective and experimental 

studies rule out the possibility that results can be attributed to reverse causation, although 

bidirectional relationships may occur.   Regarding the mechanistic links, not many studies except 

for Paulus et al. (2023) and perhaps a few others reported how changes in brain structure or 

function correlated with behavioural indicators of cognition or mental health. However, decades 

of research have shown that deficits in these brain regions observed from higher SMU and PSMU 

leads to an increased risk of psychopathology, and pose a biological predisposition to risky 

behaviours, addiction and even poorer academic functioning (Tereshchenko, 2023; Marciano et al. 

2021; Maza et al. 2023). Indeed, Wadsley and Ihssen (2023) concluded that the results obtained 

from their systematic review of 28 studies indicates that brain responses to high and problematic 
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SMU are similar to that observed in the substance addiction literature, and provide support for the 

addictive potential of SMU, as well as neurobiological underpinnings of cognitive deficits.  

5.4.6.2. SMU, PSMU and Neurocognitive Mechanisms 

244. Several systematic reviews and meta-analyses have documented adverse 

associations between multiple digital media forms such as excessive or problematic use of internet, 

smartphone and videogaming on cognitive development in children and adolescents (Thorrell, 

2024; Moshel et al. 2024; Werling et al. 2023). The dynamic nature of social media, characterized 

by repeated checking and near constant connectivity (Vogels et al. 2022), driven by FoMO and 

many design features (discussed above), intermittent delivery of reward, and potent stimulation of 

brain reward centres, has sparked research on the impacts of SMU on neuro-cognitive 

development. This is an important area to examine to determine whether the adverse impacts from 

SMU on brain structure and function summarised above actually translate to behavioural deficits 

in neuropsychological functioning. In examining how high or PSMU may negatively impact key 

executive functions such as attention, self-regulation, emotional regulation, impulsivity, several 

mechanisms have been proposed. As demonstrated above, SMU adversely impacts brain regions 

that govern these executive functions. Additionally, high or problematic use involves repeated 

exposure to stimuli and social interaction that is short, simple to process, contain brief interaction 

requiring minimal concentration, and responses that are received immediately. This dynamic 

combined with the common practice of simultaneous use of multiple social media platforms (SMU 

multitasking), may habituate (reinforce) users to instant gratification, and lead to interruption of 

thoughts and intentions that may undermine attentional processes and self-regulation (Soares et al. 

2023). Moreover, as brief and simple interaction is repeated over time, it has been proposed that 

when adolescents are forced to engage in tasks that require sustained mental effort, these tasks will 

be perceived as boring or overwhelming, reducing task persistence, leading to procrastination and 

pursuit of more immediately rewarding activities (Boer et al. 2020). As discussed above, SMU has 

a negative impact on sleep, digital stress/overstimulation, mood and anxiety, all of which are well 

known to lead to cognitive decrements (Ahmed et al. 2024; Doron et al. 2015; Keles et al. 2020).  

5.4.6.2.1. SMU and Neurocognitive Mechanisms  

245. The most widely studied domains of neurocognitive functioning are attention 

fragmentation (inattention) and various forms of impulsivity and poorer self-regulation. These are 

core characteristics of Attention Deficit Hyperactivity Disorder (ADHD) (American Psychiatric 
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regulation (San Martin Iniguez et al. 2024), with most falling in the moderate to large effects using 

Funder & Ozer’s benchmarks when individual studies are examined. In comparison to general 

SMU, the larger effects between PSMU and poor self-regulatory abilities are consistent with the 

pattern of results for SMU and mental health. These reviews are limited by the pre-ponderance of 

cross-sectional designs. However, Boer et al. 2020 showed the PSMU but not SMU intensity 

predicted greater increases in ADHD symptoms over time (using a validated ADHD questionnaire) 

in 543 Dutch adolescents. Importantly, they examined whether ADHD symptoms at baseline 

predicted increased PSMU and found no relationship, highlighting reverse causation can be ruled 

out as an explanation of the results.  

249. In the only study to directly examine the degree to which neuropsychological 

behaviours mediate the relationship between PSMU and mental health, Soares et al. (2023) found 

among 995 youth (Mage=25), that higher scores on PSMU was associated with marked decrement 

in almost all areas of executive functioning (measured by questionnaire), including working 

memory difficulties  (r=0.36 for males, r=0.31 females, Odds ratio 7.9, 95% CI, 4.41, 16.72, 

p<0.001), inhibition deficits (r=0.40 for males, r=0.39 for females, odds ratio 5.92 (3.08-11.36), 

p<0.001), delay aversion (inability to delay gratification; r=0.25 for males, r=0.32 for females, 

odds ratio 3.33 (1.57, 7.03), p<0.01), emotion regulation challenges (r=0.39 for males, r=0.39 for 

females, odds ratio 6.25 (3.21, 12.20), p<.001). In a model of cumulative risk, those with higher 

PSMU were almost at 10-times risk of exhibiting multiple executive functioning deficits relative 

to controls. In the mediation model, all domains of executive functioning were shown to 

significantly mediate the relationship between PSMU and multiple domains of mental health, such 

as psychosomatic problems, low self-concept and social problems. In the multiple mediation 

model that simultaneous tests the independent strength of each executive functioning mediator, all 

mediators remained significant except inhibition.  

250. In summary, there is converging evidence from both cross-sectional and rigorous 

longitudinal studies that SMU, especially problematic SMU, is causally connected to 

neurocognitive deficits, such as attention fragmentation, impulsivity, and poorer self-regulation. 

The longitudinal findings provide solid evidence that SMU and PSMU lead to reduced executive 

function and thus cannot be attributed to reverse causality, or obvious confounding. These findings 

align well with the neurobiological research presented above and suggest that the adverse changes 

in brain structures and function that govern these self-regulatory and executive functions appear 
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to translate to neurocognitive/behavioural deficits in these areas, as measured by questionnaires 

and performance tasks. The significance of these findings is that neurobiological and behavioural 

deficits in socio-emotional regulation and cognitive control are known to play a mechanistic role 

in heightening vulnerability to mental health challenges, engaging in risky behaviour and 

developing behavioural addictions (Viera et al. 2023; Crone & Konjin, 2018). These executive 

functioning deficits have also been shown in meta-analyses to be strong antecedents to suicidality 

in vulnerable populations (Le et al. 2024), highlighting another potential mechanism of the adverse 

impacts of SMU and PSMU. Moreover, these executive functioning domains are integral for high 

academic achievement (Anderson, 2002; Langberg et al. 2013).  

5.4.7. SOCIAL MEDIA USE AND DIGITAL STRESS  

251. Digital stress is defined as a mild adverse effect resulting from negative experiences 

of digital technology use or constant access to social information online (Winstone et al. 2022). 

This can include feeling overwhelmed by notifications, peer expectations and approval, online 

judgment, and online availability (Nick et al. 2022). Research indicates that this is an emerging 

issue for young adults and adolescents and is associated with overall anxiety and depression (Nick 

et al. 2022). Nick and colleagues’ (2022) research on adolescent digital stress indicated that higher 

levels of digital stress were correlated with higher levels of social media use, which in turn were 

correlated with greater mental health difficulties and higher levels of depressive symptoms over 

time.  

252. However, most research suggests that the particular attitudes, behaviours, or 

motives for using social media have a greater influence on digital stress than time spent on social 

media (Keles et al. 2020). Winstone and colleagues (2022) interviewed 13-14-year-olds about their 

social media experiences, finding that participants’ definition of social media use as a “good use 

of time” or a “waste of time” depended on the specific activity or context. They noted that online 

passive scrolling was perceived as a waste of time and led to guilt and feelings of anxiety, while 

the use of social media to communicate with peers was perceived as beneficial. However, 

communication with peers also led to digital stress relating to expectations of being available 

online and receiving unsolicited and often sexual messages from strangers. Yang & Smith, 2024 

found that using a digital device during social interactions contributed to increased digital stress 

among adolescents, with perceived peer engagement and negative peer perception being the most 

highly correlated to digital stress.  
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253. A systematic review of 41 empirical studies (Naga & Ebardo, 2025) assessed the 

relationship between social media and technostress, a type of digital stress that includes the 

complexity of technology, invasion of personal life, pressure to conform to social norms, and 

information overload. Naga and colleagues found that the interplay of these factors exacerbated 

social stressors like FoMO and social overload, which led to increased psychological (anxiety, 

depression), behavioural (reduced engagement), and physical stress (sleep disruptions). These 

effects were significantly stronger among younger users.  

254. In summary, the growing literature on digital stress among adolescents and young 

adults indicates a relationship with poorer mental health. This highlights the importance of tailored 

intervention strategies such as moderate digital detoxing, mindfulness techniques, user-centered 

design modifications on social media applications (Naga & Ebardo, 2025), and social media 

literacy programs (Tao et al. 2023; Metheekul et al. 2024; Gordon et al. 2021). 

5.4.8. MECHANISMS AND PATHWAYS: CONCLUSIONS 

255. Child and adolescent use of Defendants’ social media platforms cause or contribute 

to mental health harms via numerous pathways and mechanisms, including but not limited to 

negative social comparisons, displacement of behaviours that are protective of mental health, 

exposure to harmful experiences, risky behaviour, neurobiological and cognitive deficits, and 

digital stress. 

5.5. DEVELOPMENTAL VULNERABILITY: CHILDREN & YOUTH ARE AT GREATER 

RISK OF SOCIAL MEDIA HARMS 

5.5.1. DEVELOPMENTAL FACTORS 

256. As discussed above, adolescence is a period of profound physical, social, 

behavioural, and neurobiological (i.e., brain development) change that can heighten sensitivity to 

mental health disorders, such as anxiety, depression and eating disorders (Paus et al. 2008; Solmi 

et al. 2022; Rapee et al. 2019). Adolescence is also a critical period in which identity formation, 

perspective taking abilities and self-evaluation processes are still developing (Orben et al. 2024). 

Moreover, this developmental period is characterized by a heightened interest in peer interactions, 

heightened need for social acceptance and approval, and heightened sensitivity to peer exclusion 

or rejection compared to adulthood (Sebastian et al. 2010). Because social media is designed to be 

inherently social and relational, its use interacts in complex ways with these developmental 
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characteristics to form a figurative “window of developmental sensitivity” that accentuates 

adolescent risks of developing mental health disorders with social media engagement (Orben et al. 

2022). For example, research suggests that the impact of social media on well-being indicators 

such as life satisfaction may not be uniform across ages; instead, there appear to be “windows” of 

heightened vulnerability during certain developmental stages (Orben et al. 2022). More 

specifically, a longitudinal study of over 17,000 UK individuals aged 10-80 years found that 

increases in social media use predicted drops in life satisfaction one year later, but only at specific 

ages – notably around early adolescence for girls (ages ~11-13 years) and boys (14-15 years), 

coinciding with puberty onset. Interestingly, this trend re-occurred again around age 19 (a time of 

social transition to independence) that is known to be a high-risk developmental transition period 

for illbeing (Orben et al. 2022).  

257. Similarly, the umbrella review by Sala et al. (2024), which included 24 reviews on 

over 600,000 youth reported a moderating impact of age, where younger youth (10-15 years), 

especially heavier users, were more vulnerable to developing depressive and anxiety symptoms 

(Sala et al. 2024). Neither the Valkenburg et al. (2020) nor the Orben et al. (2020) umbrella review 

reported on whether developmental stage exerts an impact of social media use on mental health.   

258. Sensitivity analysis reported by the meta-analyses summarised above revealed that 

age moderated the association between SMU and various health outcomes, with younger 

individuals typically showing stronger associations with negative effects. According to Ahmed et 

al. (2024), the link between SMU and depressive symptoms was weaker among older participants, 

as evidenced by a significant negative moderation effect (b=-0.10), suggesting that younger 

individuals may be more susceptible to depressive outcomes associated with SMU. Similarly, the 

Saiphoo and Vahedi (2019) identified that the strength of the association between SMU and body 

image disturbance decreased with age (b=-0.013), indicating that younger users are more 

negatively affected by social media in relation to body dissatisfaction. Age-related differences are 

also prominent in the context of self-injurious thoughts and behaviours. Nesi et al. (2021) found 

that adolescents who used social media were more likely to report suicidal ideation (OR=3.54) 

compared to adults (OR=1.69), suggesting that developmental vulnerabilities in adolescence may 

amplify the psychological risks associated with SMU. Finally, Chen et al. (2024) reported that the 

negative association between PSMU and sleep quality was less pronounced in older populations 
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engagements (Zhou & Shen, 2024). Adolescents who primarily communicate through digital 

platforms may struggle with direct conversation, reducing their willingness to participate in real-

world social interactions. Furthermore, the curated nature of online communication fosters 

performative interactions rather than authentic dialogue, limiting opportunities for spontaneous, 

meaningful exchanges (Cover, 2012). The absence of facial expression and social cues inherent to 

in-person interaction is missing from online interaction, a nuance shown to be associated with 

greater misinterpretation of messages that leads to distress (Valkenberg & Peter, 2009; Sagliano et 

al. 2022). The displacement of in-person interactions is particularly concerning among adolescents 

exhibiting problematic social media use, as these individuals may retreat further into online spaces, 

exacerbating social isolation, which has been shown to exacerbate addiction (Gong et al. 2024). 

This highlights the need for Defendants to add digital features and tools that will promote more 

balanced social engagement through repeated reminders to take a break, prompts for self-

reflection, and/or engaging in other responsibilities or recreational or school-related activities.  

263. Although some studies suggest that social media can promote social support and 

social connectedness which may lead to enhanced well-being in youth, the majority of evidence 

from meta-analytic studies suggest that high SMU or PSMU is associated with greater loneliness 

and social isolation through displaced in-person interaction in a bidirectional manner, leading to a 

reinforcing cycle. Moreover, there is evidence from population-based studies that those with less 

frequent in-person social contact experience greater depressive symptoms from high SMU 

compared with youth with high SMU and high engagement with in-person peers. Additionally, in-

person social support has been found to be more effective in buffering stress and distress compared 

to online support that shows that when online levels of support do not meet expectations, negative 

affect may be heightened. This highlights that youth who invest more time in online friendships 

and rely on seeking emotional support via SMU, which represents a sizable portion of American 

youth (especially those from marginalized or minoritized communities) appear to be more 

vulnerable to feeling greater loneliness, social isolation and depression from increasing social 

media use. 

5.5.3. SOCIAL COMPARISON PROCESSES 

264. As described above, there is evidence that social comparison, either positive 

(downward) or negative (upward), represents a mechanistic pathway linking social media with 

psychological benefits/harms. However, it can also be conceptualized as a vulnerability factor. 
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SMU provides almost countless opportunities for social comparison since the number of online 

friends and followers vastly exceeds in-person friends (Reich et al. 2012). Given the tendency for 

people to curate their online profiles by over-representing positive experiences via posts and photo-

shopped pictures (Richey et al. 2018), combined with public displays of likes that serve to reinforce 

and quantify social rank or status, many youths, particularly those distressed, will undoubtedly 

engage in upward (unfavourable) social comparisons (Carraturo et al. 2023). Social comparisons 

have been implicated in the development and maintenance of affective disorders (Pera, 2020). 

Indeed, unfavourable social comparison processes play an integral role in the psychological harms 

of SMU, whereby higher SMU is associated with more frequent social comparisons (Kim et al. 

2021), and those with more frequent social comparisons report stronger associations between SMU 

and negative affect (Kim et al. 2021). In a seminal study, Nesi and Prinstein (2015) found that 

technology-based social comparison and feedback seeking were associated with greater depressive 

symptoms, even when controlling for the effects of overall frequency of technology use, offline 

excessive reassurance seeking, and prior depressive symptoms. Moreover, the strong threat of 

social evaluation in social media has been shown to lead to decreased mood and cognition in the 

laboratory and in the real world (Grunewald et al. 2022), and those who are sensitive to social 

rejection are more negatively affected. A recent systematic review showed that higher SMU was 

associated with higher social comparison which led to depression through envy (Caraturo et al. 

2023). However, these relationships were influenced social comparison orientation, whereby those 

with more opinion-based social comparison traits showing more positive associations with 

wellbeing, whereas those who engage in more ability-based social comparisons showing stronger 

relationships between SMU, depression and lower wellbeing (Carraturo et al. 2023). These studies 

highlight that adolescents who engage in frequent social comparisons, especially appearance-

related and abilities-based, and who are sensitive to social rejection, are at increased vulnerability 

to the harms (i.e., depression) from SMU. Moreover, the harms of high SMU appear to be 

influenced by the time spent and frequency of offline comparisons.  

5.5.4. BEHAVIOURAL VULNERABILITIES 

265. Adolescence represents a critical developmental stage marked by heightened 

sensation-seeking tendencies, which contributes to a greater propensity for risk-taking behaviours 

compared to both childhood and adulthood (Steinberg et al. 2018; Blakemore & Robbins, 2012). 

This inclination toward risk is particularly pronounced in social contexts involving peers. 
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Compounding this behavioural profile, adolescents exhibit underdeveloped self-regulatory 

capacities and heightened impulsivity due to the ongoing maturation of prefrontal brain regions 

responsible for executive control (Orben et al. 2024). Although engagement in risky behaviour 

during adolescence is often developmentally normative—and in some contexts, adaptive—

longitudinal evidence indicates that such behaviours are associated with increased susceptibility 

to later psychopathology, including anxiety, depression, and substance use disorders (Campbell et 

al. 2020). 

266. Importantly, adolescents interact with social media in ways that differ substantially 

from adults, often engaging with distinct platforms and features (Nesi et al. 2021). The unique 

affordances of social media—such as constant connectivity, public visibility, and algorithmic 

reinforcement—interact with developmental vulnerabilities to potentially exacerbate exposure to 

harm (Orben et al. 2024). Empirical studies underscore this interaction. For instance, posts 

referencing alcohol consumption tend to garner more positive engagement (e.g., likes) than those 

that do not, and liking such posts predicts increased alcohol use over time (Kurten et al. 2022). 

Parallel findings have emerged in relation to vaping and drug-related materials among adolescents 

and young adults (Donaldson et al. 2022). These forms of social reinforcement incentivize 

adolescents to engage in riskier online self-disclosures, potentially leading to increased offline 

engagement in substance use (Orben et al. 2024). A meta-analysis further substantiates this 

relationship, demonstrating that adolescent social media use is significantly associated with real-

world engagement in behaviours posing harm or risk—such as substance use and risky sexual 

activity (Vannucci et al. 2020). 

267. In addition to reinforcing risk behaviour, the affordances of social media 

platforms—such as persistence and public visibility—contribute to the long-term social 

consequences of adolescents' online actions (Orben et al. 2024). The semi-public nature of social 

media, combined with expansive and often poorly delineated networks of followers, results in 

adolescents addressing an “imagined audience.” This phenomenon, known as “context collapse,” 

arises from the convergence of diverse social spheres, increasing the difficulty of tailoring material 

appropriately for all viewers (Orben et al. 2024). Given their limited risk appraisal capacities, 

adolescents are more likely to disclose sensitive personal information or engage in behaviours such 

as sexting, which, once shared, can be captured and redistributed without consent. These 

behaviours are linked to an increased risk of cyberbullying, sextortion, and other forms of online 
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victimization (Livingstone, 2008; Mori et al. 2019). Experimental data further indicate that the 

perceived anonymity afforded by social media can facilitate antisocial behaviours, such as trolling, 

particularly in group settings (Nitschinsk et al. 2022). 

268. Adolescence is also a period marked by intensified self-presentation activities, 

reflective of the broader developmental process of identity formation and exploration. Social 

media serves as a salient context for this process, with adolescents frequently engaging in strategic 

self-disclosure or modification of personal attributes to portray an idealized version of 

themselves—commonly referred to as the “positivity bias” (Orben et al. 2024). Such inauthentic 

self-presentation, including the use of edited images, selective sharing of positive experiences, and 

curated profiles, has been linked to decreased psychological well-being (Bij de Vaate, 2020; 

Twomey & O’Reilly, 2017). Conversely, authentic self-representation is associated with enhanced 

well-being. The affordances of social media—including constant availability and immediate, 

quantifiable peer feedback—facilitate frequent profile curation and reinforce inauthentic 

presentations, creating a feedback loop that may heighten psychological vulnerability (Kraus et al. 

2021; Orben et al. 2024). 

269. This feedback loop has measurable consequences for identity development. A 

systematic review and meta-analysis found that greater intensity of Facebook use predicts a 

longitudinal decline in self-concept clarity, while the reverse relationship was not observed—

indicating a unidirectional influence of social media on identity stability (Gonzales & Hancock, 

2008). Diminished self-concept clarity is a well-established risk factor for the emergence of mental 

health difficulties and substance use problems during adolescence (Kraus et al. 2021). Together, 

these findings illustrate how the intersection of adolescent developmental characteristics with the 

structural features of social media platforms can compound risks to psychological well-being and 

developmental outcomes. 

5.5.5. DEVELOPMENTAL VULNERABILITY: CONCLUSIONS  

270. Children and youth are especially vulnerable to the mental health risks presented 

by Defendants’ social media platforms due to the profound physical, social, behavioural, and 

neurobiological changes that occur during this critical developmental phase. Given the severe 

mental health risks described herein, it is my opinion that Defendants' social media platforms are 

not reasonably safe for children and youth. Defendants should have mitigated these dangers and 
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should have fully informed parents, children and youth about the risks and dangers of their 

platforms. 

271. Nevertheless, Defendants allow children and youth as young as age 13 to join their 

social media platforms. Based on the scientific literature discussed above, Defendants’ policies 

allowing all children and youth to join their social media platforms at age 13 are developmentally 

inappropriate and unsupported by the science. Further, as described in more detail below, social 

media companies inadequately enforce age restrictions, knowingly permitting millions of 

vulnerable children and youth under age 13 onto their platforms (Bejar Dep. at 187) (Federal Trade 

Commission, 2024). Allowing children and youth—the most developmentally vulnerable group--

to engage on their social media platforms en masse shows that Defendants value user growth and 

corporate revenues over child safety. As a result, millions of vulnerable children and youths have 

been exposed to unreasonable risks of harm by Facebook, Instagram, Snapchat, TikTok, and 

YouTube.  

5.6. INDIVIDUAL VULNERABILITY: CHILDREN AND YOUTH AT GREATEST RISK 

272. This section reviews individual differences in sociodemographic, familial, 

psychosocial, neurobiological, and genetic vulnerabilities that, in addition to age/developmental 

vulnerability, have been shown to heighten susceptibility of psychological harm from social media. 

Although most of these characteristics are examined in isolation, as described by Mougharbel & 

Goldfield (2023), there are individual differences in susceptibility to harm from screen exposure 

(including social media). In this context, the application of the Differential Susceptibility Theory 

is a strong model to conceptualize factors that predispose or buffer harm. This theory posits that 

the effects of environmental exposures (i.e., SMU) is influenced by a complex combination of 

social, psychological, behavioural, sociodemographic, physiological and genetic characteristics. 

273. Moreover, in a recent conceptually elegant review on the mechanisms linking social 

media use to adolescent mental health vulnerability, Orben et al. 2024 describe how these 

developmental, cognitive, behavioural and neurobiological vulnerabilities interact with 

“affordances” inherent in SMU to amplify psychological harms. Affordances are the perceived and 

flexible action possibilities of digital environments that are jointly shaped by the features of 

technology and the individual’s perception of those features (Orben et al. 2024). These SMU 

affordances and descriptions of how they interact with individual vulnerabilities to impact mental 

health are depicted in Figure 4. 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 124 of 496



124

274. An example of an affordance is anonymity achieved through fake a fake account

can lead to risky posting behaviour and can disinhibit interactions leading to more extreme 

behaviours or reactions. Another example includes quantifiability – social popularity via “likes” 

and comments represent quantifiable feedback (or lack thereof) – which can lead to feeling rejected 

or unpopular if not many likes are received. Many of the examples cited in Orben’s review 

regarding how these affordances interact with vulnerabilities to accentuate harm are detailed 

below.

Figure 4. How SMU and SMU affordances independently and interactively amplify vulnerability to harms.

5.6.1. SOCIO-DEMOGRAPHIC CHARACTERISTICS

5.6.1.1. Gender

275. One of the more consistent findings in the literature from systematic reviews and 

meta-analyses is the stronger relationship between time spent in SMU and symptoms of depression 

and anxiety in adolescent girls compared to boys. (Ivie et al. 2020; Liu et al. 2022; McCrae et al. 

2017), with empirical evidence suggesting that girls are more susceptible to adverse outcomes 
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comparisons to the images, which are often enhanced with beautification filters, resulting in more 

negative comparisons and lower body-esteem and self-esteem (Bonfanti et al. 2025; Jarman et al. 

2021). 

277. Girls’ vulnerability to the harms of SMU is exacerbated by the well documented 

and longstanding finding that there is stronger pressure on girls to conform to often unattainable 

beauty standards (Senekal et al. 2023), which increases the risk of body dissatisfaction, disordered 

eating, and lower self-esteem (Course-Choi & Hammond, 2021). These vulnerabilities likely 

explain findings that social comparison of physical attractiveness (Cataldo et al. 2021; McCrae, 

2017), repeated exposure to and internalization of unrealistic beauty images of influencers and 

celebrities on social media, and the use of beautification filters are more strongly associated with 

body dissatisfaction in girls compared to boys (Bozzolo et al. 2022). 

278. Interestingly, a study examining psychological impacts of posting pictures among 

teen girls who used beautifier filters showed no improvements in self-esteem even in response to 

positive reinforcement in the form of many “likes”, indicating presenting an idealized version of 

oneself feels hollow, while perpetuating/projecting unrealistic beauty standards and negative social 

comparisons onto other vulnerable teenage girls. (Sala et al. 2024).  

279. Regarding gender differences in the relationship between problematic social media 

use and mental health and well-being, the patterns are more inconsistent with regards to anxiety 

outcomes. For example, three meta-analytic reviews with over 133 studies found that gender did 

not moderate the impact of problematic use on a broad range of mental health and well-being 

outcomes (Shannon et al. 2022; Huang et al. 2022; Cunningham et al. 2021). However, one meta-

analytic review found the relationship between problematic social media use and anxiety was 

stronger in females (Ahmed et al. 2024); while another review found stronger negative impacts on 

social anxiety in males (Wu et al. 2024).  

280. In summary, there is considerable evidence to suggest that girls are generally more 

vulnerable to psychological harms than boys with higher SMU, but once use becomes problematic 

or addictive, the psychological harms that ensue are generally comparable across genders.  

5.6.1.2. Socioeconomic Status, Race, Ethnicity 

281. Although much of the literature removes the influence of well-documented social 

determinants of health by experimentally or statistically controlling for these sociodemographic 
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characteristics, there is emerging research to show that marginalized youth may be among the most 

vulnerable youth populations to social media harms through a variety of processes. 

282. An emerging trend in the literature is greater use of digital media and social media 

among youth from lower socioeconomic status (SES) compared to youth from higher SES (Walsh 

et al. 2018). Almost 25% of youth feel lonely, and the prevalence of loneliness is higher among 

equity deserving youth (Statistics Canada, 2021), and higher loneliness has been shown to predict 

greater social media use, presumably motivated by a desire for connection, increasing vulnerability 

to harm. Limited access to stable internet or adequate devices may result in lower-quality online 

experiences, while economic constraints requiring parents to work multiple jobs reduces parental 

supervision and support, lower digital literacy, thus increasing adolescents’ vulnerability to 

harmful social media experiences (Orben et al. 2024). 

283. Marginalized youth, including racial, ethnic, and gender minorities, are 

disproportionately targeted by online harassment and discriminatory materials, exacerbating 

preexisting stressors (Sala et al. 2024, Abreu & Kenny, 2018) and increasing risk of psychiatric 

disorders and even suicide (Clements-Nolle et al. 2006). For example, in a recent study (N=407) 

of underserved youth (Black, Indigenous, Asian and Latino), Tao & Fisher (2022) found that an 

alarming 79% and 94% reported individual and vicarious racial discrimination on SMU, compared 

to 23% reported in youth who are not equity-denied. Structural equation modelling (SEM) showed 

SMU duration was associated with greater racial cyber discrimination, which in turn, was 

associated with more distress, with strongest associations among black youth. Further, black youth 

who reported having more inter-racial social interactions on SMU experienced the most race-

related harmful experiences and its untoward impact on well-being. It is well known that relational 

aggression, victimization, and discrimination is more prevalently expressed against minorities 

online than in-person, as perpetrators feel empowered by the perceived anonymity (fake SMU 

accounts) or feeling of emotional distance and safety (Kim et al. 2023). 

284. Moreover, as will be shown below, passive scrolling of social media is generally 

associated with greater psychological harm (Thorisdottir et al. 2019). It is important to note that 

the number one reason reported for youth actively posting is to share (and brag about) their 

accomplishments with friends/follower (Anderson et al. 2022). Youth from lower SES families 

report greater passive use (Skogen et al. 2022), perhaps due to a perception that their lives do not 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 128 of 496



128 
 

compare favourably or for fear of negative online reactions to posts which discourages active 

posting (or fearing negative reactions to posts), creating a vicious cycle.  

285. Taken together, these studies provide compelling evidence that youth from 

marginalized, economically disadvantaged, or underserved communities face a significantly 

elevated risk of psychological harm from social media use. These risks are further intensified by 

overlapping social determinants of health, including limited access to mental health care, reduced 

parental supervision, and chronic economic hardship, creating a compounding and 

disproportionate burden on the most vulnerable populations (Sala et al. 2024).  

5.6.2. PSYCHOLOGICAL DISPOSITION AND MENTAL HEALTH HISTORY  

286. Mental health challenges such as emotion dysregulation, anxiety, and depression 

are known risk factors in the development of addictive behaviours, both substance-related and 

behavioural addictions (Vieira et al. 2023). As discussed elsewhere in this report, mental health 

struggles (e.g., anxiety, depression, loneliness, low self-esteem) heighten vulnerability to 

developing problematic social media use as a means of affect regulation (i.e., self-medication). 

Evidence from meta-analyses of longitudinal studies demonstrate that once SMU transitions to 

PSMU, it leads to greater depression and anxiety over time (Ahmed et al. 2024), likely driven by 

short-term pleasure via dopamine and FoMO, as well as social isolation, social comparison, and 

displacement of healthier alternatives, creating a vicious cycle. These complex and dynamic 

bidirectional processes involved in the development and maintenance of problematic social media 

use are hallmark characteristics of the addiction cycle, and evident in virtually all addiction, both 

behavioural and substance-related (Vieira et al. 2023). This is clearly illustrated by the stark finding 

that 40% of youth with depression were classified as having social media addiction, a prevalence 

rate markedly higher than the 15-25% found in community samples, and even the 17.4% found 

globally based on a systematic review and meta-analysis (Cheng et al. 2021).  

287. Importantly, the psychological mechanisms implicated in PSMU are not limited to 

clinical cases; they are also observable in non-pathological patterns of everyday SMU, particularly 

among vulnerable adolescents. Individuals experiencing depression, anxiety, or loneliness may 

initially turn to social media as a means of coping, only to encounter interactions that intensify 

their emotional distress. For example, a recent systematic review identified depressive symptoms 

as both a predictor and consequence of SMU, mediated by maladaptive cognitive processes such 

as social comparison and envy (Carraturo, 2023). These dynamics are further linked to heightened 
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emotional reactivity and increased sensitivity to social stimuli, contributing to worsening self-

perceptions and emotional instability. Longitudinal evidence further supports a bidirectional 

relationship: reduced life satisfaction and mood disturbances predict increased SMU and exposure 

to unfavourable social comparisons over time, which in turn exacerbate psychological distress 

(Sala et al. 2024). This recursive loop illustrates how vulnerable adolescents may become trapped 

in a pattern of seeking distraction or validation online, ultimately reinforcing and intensifying their 

mental health challenges. 

288. Low self-esteem emerges as a particularly salient dispositional risk factor within 

this context. Adolescents with low self-regard are more inclined toward upward social 

comparisons and are more susceptible to experiencing envy during SMU (Carraturo et al. 2023). 

Furthermore, such individuals exhibit stronger negative emotional responses to idealized, highly 

curated images posted by peers, which may reinforce feelings of inadequacy (Li, 2018). Orben et 

al. (2024) emphasize that adolescents with low self-esteem may be especially reliant on external 

validation—such as social media “likes”—thereby increasing their susceptibility to compulsive or 

addictive use patterns (Jo & Baek, 2023). This vulnerability may be further amplified in those with 

personality traits such as neuroticism, characterized by heightened emotional instability. Such 

individuals tend to be more reactive to social rejection or the absence of positive feedback and are 

more likely to ruminate on perceived online slights, increasing their risk for emotional 

dysregulation and harm (Chow & Wan, 2017). 

289. Additionally, adolescents with prior experiences of trauma or offline bullying are 

particularly vulnerable to the psychological consequences of online victimization. Online 

environments often facilitate disinhibited and aggressive behaviours, including public shaming, 

due to the perceived anonymity afforded by pseudonymous or fake accounts. This digital 

disinhibition effect increases the likelihood of peer aggression and magnifies the impact of 

cyberbullying, reinforcing pre-existing feelings of rejection, worthlessness, or hopelessness among 

vulnerable youth. Conversely, adolescents with robust coping skills, higher self-esteem, and no 

significant mental health concerns tend to exhibit greater resilience in the face of adverse online 

experiences (Orben et al. 2024). 

5.6.3. PERSONALITY TRAITS 

290. Personality traits are enduring patterns of perceiving, relating to, and thinking about 

the environment and oneself. The most investigated models of personality applied to social media 
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include the Five-Factor Model and the dark triad model. The five-factor model includes 5 

dimensions of traits associated with user behaviour; neuroticism (emotional instability/reactivity), 

extraversion (outgoing and drawing energy from others), agreeableness (cooperative and friendly), 

openness to experience (curiosity and open to new ideas), and conscientiousness (responsibility 

and diligence). A recent systematic and meta-analytic review (Akbari et al. 2023) found that 

extraversion (more social/outgoing) and neuroticism were significantly associated with higher 

daily and weekly hours spent in Facebook, while conscientiousness was associated with lower 

time spent daily in Facebook, and openness and agreeableness showing null associations with time 

in Facebook. However, the pattern of results changes somewhat depending on type of SMU 

measure used. That said, in all models, neuroticism showed the strongest associations; those higher 

in neuroticism were 1.35-2.32 at increased odds of spending high amounts of time per day and per 

week in Facebook. Regarding associations with PSMU, extraversion was no longer predictive, and 

openness, agreeableness and conscientiousness were negatively associated with PSMU, and 

neuroticism again emerged as the strongest predictor, with these individuals being 1.89 times the 

increased odds of PSMU. A recent meta-analysis on 27 studies and almost 32,000 individuals 

showed a very similar pattern of results for the big five personality traits and how SMU is used, 

such as sharing information on social media, including sharing entertainment information, health 

information, emergency information, even rumors or fake news (Lin et al. 2024). Specifically, 

extraversion showed a positive relationship with sharing information on SMU, neuroticism and 

agreeableness showed negative associations with sharing (Lin et al. 2024), and openness showed 

no clear association with information sharing, surprisingly. As one might expect, narcissism is 

associated with particular behaviours on social media, such as number of selfies, and posting 

pictures to enhance self-presentation among youth (Weiser, 2015). Prospective research is needed 

to confirm the hypothesis that selfies may lead to greater narcissism.  

291. A growing body of research has examined a personality cluster known as the “dark 

triad” in relation to SMU and PSMU. The dark triad encompasses three related constructs 

associated with maladaptive behaviours. They include narcissism (i.e., egocentrism, self-

importance and grandiosity), Machiavellianism (characterized by deception, lack of ethics, self-

interest) and psychopathy (marked by impulsivity, aggression and lack of empathy, guilt, or 

remorse) (Paulhus & Williams, 2002). A significant portion of the recent literature, as high as 94% 

of studies, found a positive association between Dark Triad traits and PSMU, believed to be driven 
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by a high need to seek feedback to enhance low self-esteem (vulnerable narcissism) or validate 

and affirm their already positive self-worth (Ahmed & Ahmed, 2025). Similar to results for 

neuroticism, a prospective study found those with borderline personality traits (a personality 

disorder characterized by abandonment fears, impulsivity, and emotion dysregulation) are at 

increased risk of developing PSMU, a relationship believed to be driven by a combination of 

impulsivity leading to self-regulation challenges and the need to use SMU to cope with negative 

affect (Gratz et al. 2023). As discussed above, impulsivity is an important personality trait that 

plays a major part in the occurrence, development, and maintenance of addiction (Cerniglia et al. 

2019).  

5.6.4. NEUROBIOLOGICAL VULNERABILITY TO SOCIAL REWARD 

292. Early adolescence is a particularly vulnerable period because of brain maturation 

imbalances: reward and emotion-processing regions (e.g., the limbic system) develop sooner than 

cognitive control regions (prefrontal cortex). This can leave teens biologically predisposed to seek 

novel social rewards online while lacking full capacity for impulse control and risk evaluation 

(Orben et al. 2024). Indeed, teens’ brains show heightened reactivity to social rewards on social 

media. In experimental neuroimaging studies, receiving many “likes” on one’s posts activates the 

same reward circuitry (e.g., the nucleus accumbens in the ventral striatum) that responds to 

tangible rewards like chocolate or money, and in some cases, the neural response was stronger 

(Meshi et al. 2016). This hyper-responsiveness to peer approval and social reputation are a normal 

aspect of adolescent neurodevelopment, but it may render youth, especially those sensitive to 

social rewards to be more vulnerable to psychological harms. 

293. For example, in a landmark study, Meshi et al. (2013) investigated the relationship 

between the way brain processes specific self-relevant gains in reputation and intensity of 

Facebook use using the Facebook Intensity Scale. Results showed that when responding to gains 

in reputation for the self, relative to observing gains for others, reward related activity in the left 

nucleus accumbens predicts Facebook use. However, nucleus accumbens activity in response to 

monetary reward did not predict Facebook use. Finally, a control step wise regression analysis 

showed that Facebook use primarily explains the results in the nucleus accumbens. Overall, Meshi 

et al. 2013 concludes: “results demonstrate how individual sensitivity of the nucleus accumbens 

to the receipt of self-relevant social information leads to differences in real world behaviour (i.e., 

greater Facebook use).  
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294. In an fMRI study on 40 adolescents aged 10-17 years, Dziuria et al. (2023) found 

that higher neural reward sensitivity showed a negative association between a frequency of 

interactive connections with friends and a combined loneliness and social dissatisfaction 

component (LSDC) score, whereas those with lower reward sensitivity showed the opposite effect. 

Furthermore, results showed that high reward sensitivity was associated with greater LSDC as 

passive social media use increased, whereas low reward sensitivity showed the opposite. This 

indicates that youth with greater sensitivity to social-interactive reward may be more susceptible 

to negative effects of infrequent contact than their low reward-sensitive counterparts.  

295.  Interestingly, there is also evidence of neural sensitivity to more implicit peer 

influences, which involve more subtle cues that shape behaviour and preferences. Specifically, 

Venticinque et al. (2021) experimentally examined, among 43 adolescents (Mean age=19.2, 24 

males), neural responses to implicitly “socially tagged” symbols (previously judged by peers as 

liked vs. not liked, thus differing in apparent popularity) vs. novel symbols that carried no social 

meaning (not judged by peers). Results indicated greater activity in brain regions involved in 

salience detection (e.g., anterior cingulate cortex) and reward processing (e.g., caudate) to socially 

tagged vs. novel symbols, and particularly to unpopular symbols. Greater self-reported 

susceptibility to peer influence was related to more activity in the insula and caudate when viewing 

socially tagged vs. novel symbols. Venticinque et al. concluded that “these results suggest that the 

brain is sensitive to even subtle cues varying in level of peer endorsement and neural sensitivity 

differed by the tendency to conform to peers' behaviours particularly in regions implicated in social 

motivation.” Relatedly, Meshi found individuals who shared personal information on Facebook 

showed significantly greater alterations in brain connectivity in social-emotional and reward 

processing centres of the brain compared to those who do not share personal information, 

heightening sensitivity to social reward and punishment that may occur in SMU.  

296. In summary, there appear to be individual differences in neural reward sensitivity 

that are activated by common social media contexts and messaging relating to social acceptance 

and reputation management that are associated with higher usage, and possibly to greater 

emotional harm due to heightened sensitivity in the face of negative social feedback. More 

specifically, SMU has negative impacts on brain regions that govern social and emotional reward 

and punishment that heighten children and youth’s vulnerability to psychological harm, and this 

risk is amplified in those with higher neural sensitivity in these brain centres. 
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5.6.5. GENETIC INFLUENCES 

297. Decades of behavioural-genetic research has shown genetic influences play an 

etiological role in most psychological traits and psychiatric disorders, including engaging in 

addictive or compulsive behaviour (Knopik et al. 2017), a concept known as gene-environment 

correlation. Similarly, it is well documented that the impact of environmental exposures on health 

is also influenced by genetic variations, a concept known as gene-environment interactions, thus 

explaining wide individual variability in health in response to the same environmental exposure. 

Initially, genetic studies showed genetic factors influenced engagement in traditional media use 

such as TV viewing, as well as its long-term impact on pathological behaviours (i.e., criminal or 

antisocial behaviour in adulthood (Ferguson et al. 2013; Schwartz & Beaver, 2015). However, the 

ubiquitous use of smartphones and digital media has sparked several behavioural-genetic 

investigations. 

298. Ayorech et al. (2017) employed a co-twin design comparing monozygotic 

(identical) vs. dizygotic (fraternal) influence on various online media activities in more than 2500 

twin pairs from a UK representative sample of 16-year-old twins who participated in the Twins 

Early Development Study (TEDS). Results showed that heritability was substantial for all forms 

of media ranging from 34%-39% for educational, entertainment and gaming, with genetic factors 

accounting for 24% of the variability in Facebook use. In a larger follow-up study that included 

4,000 twin pairs (mean age=22 years) and polygenic scores from 6,000 unrelated individuals, 

Ayorech extended this finding to both general and problematic internet use. Specifically, results 

showed that the heritability of these forms of digital media accounted for 20-49% of the variance, 

and their associations with mental health were primarily due to genetic influences (44-88%). These 

findings are consistent with previous investigations establishing genetic variations explained a 

substantial proportion of variance between traumatic online experiences and problematic internet 

use, and their associations with psychopathology, effortful control and self-directedness (Li et al. 

2014; Long et al. 2015; Hahn et al. 2017; Vink et al. 2015). These initial studies indicate that 

genetics likely play a strong role in being susceptible to engaging in high or problematic social 

media use (gene-environment correlations), as well as influence the susceptibility to psychological 

harm from social media exposure (i.e., gene-environment interactions).  
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5.6.6. QUALITY OF SOCIAL MEDIA USE 

299. A growing body of literature distinguishes between passive and active social media 

use, with implications for adolescent well-being (Orben, 2020; Sala et al. 2024). Passive 

engagement—characterized by consumption without interaction, such as browsing feeds or 

viewing posts—has been linked to negative psychological outcomes, including heightened social 

comparison and diminished self-esteem (Orben et al. 2024). This phenomenon is particularly 

pronounced among adolescents, whose developmental stage is marked by heightened sensitivity 

to peer acceptance and identity formation. Exposure to idealized representations of peers’ lives can 

exacerbate feelings of inadequacy, while passive engagement fosters FoMO and perceived social 

exclusion, contributing to anxiety and depressive symptoms (Orben et al. 2024).  

300. Conversely, active social media use—defined by behaviours such as posting, 

commenting, and direct messaging—can provide social validation and emotional support 

(Valkenburg et al. 2022). Two meta-analyses have examined the impact of passive vs. active use 

on youth mental health, with the earlier and smaller one by Thorisdottir (n=10,000 Icelandic youth) 

showing passive use was associated with greater anxiety and depression, and active use was 

associated with lower distress (Thorisdottir et al. 2019). However, in the more recent and larger 

meta-analysis (n=150,000), Godard & Holzman (2024) found negligible differences between 

active vs. passive use on mental health indicators. Many adolescents alternate between active and 

passive engagement, with the net impact on mental health contingent on individual coping 

mechanisms and platform design. 

301. It is important to note that even with active use showing less harmful associations 

with mental health, virtually all studies are cross-sectional, limiting causal inferences. 

Epidemiological research shows that the number one reason for youth posting on social media is 

to share their accomplishments or positive experiences (Anderson et al. 2022). Thus, reverse 

causation can be in effect whereby youth with good mental health who are achieving their 

academic and life goals, have membership in popular social groups at schools and attending the 

parties, dining in nice restaurants, travelling to exotic destinations, are more likely to actively post 

pictures and share these positive experiences.  

302. Time spent invested in cleaning and curation of online profiles and presentation is 

significantly correlated with more severe mental distress, including depression, anxiety, body 

image dissatisfaction in cisgendered youth (Coyne et al. 2023). Other epidemiological research 
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showed that how social media is used, especially closed-group vs. open groups had differential 

relationships with mental health, with open-group SMU associated with more harm (Kingsbury et 

al. 2021).  

5.6.7. DIGITAL LITERACY 

303. Digital literacy encompasses not only technical proficiency but also critical 

thinking, media discernment, and online safety awareness (Sala et al. 2024). Adolescents with 

limited digital literacy are at greater risk of misinterpreting online information, falling victim to 

manipulation, and harmful experiences, all of which can contribute to psychological distress. 

These individuals may struggle to identify unreliable sources, recognize predatory material, or 

manage online interactions effectively, increasing their exposure to harmful material. Orben et al. 

(2024) emphasize that adolescents lacking digital literacy skills are particularly vulnerable to 

algorithm-driven material, which may normalize maladaptive behaviours related to body image, 

relationships, or mental health. 

304.  Social media literacy is defined by Ziapour (2024) as “the capacity to critically 

assess the information that audiences consume or produce, thereby safeguarding them against the 

dissemination of false information, or filtered images.”  Research suggests that low digital literacy 

among adolescents leads to poorer mental health, as teens and young adults find it difficult to 

navigate the addictive and potentially harmful algorithm-generated material that pervades social 

media. A study by Tao et al. (2023) examined the relationship between internet addiction and 

digital competence in adolescent mental health before and during the COVID-19 pandemic. They 

found that although young people spent more time on social media and reported more mental 

health problems during the pandemic, digital competence (digital literacy) was a protective factor 

that alleviated mental health problems. A systematic review (McLean et al. 2016) of the 

relationship between levels of media literacy and body dissatisfaction and disordered eating found 

a significant correlation. Tamplin et al. (2018) found similar results, as high levels of social media 

literacy showed less body dissatisfaction after exposure to social media among young adult 

women, but not men.  

5.6.8. CUMULATIVE AND MULTIPLICATIVE RISK FACTORS 

305. As previously discussed, the majority of studies investigated these 

risk/vulnerability factors in isolation, but in reality, many adolescents will possess multiple risk 
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factors that would result in additive or even multiplicative effects on mental health and well-being 

from increasing social media exposure, consistent with decades of epidemiological and genetic 

research on the concept of cumulative risk in health research (Atkinson et al. 2015; Evans et al. 

2013). As an intuitive example based on the above literature review, it can be confidently stated 

that if users are teenage girls, coming from economically disadvantaged background, have little 

parental supervision, have high social sensitivity, have been victimized online, and are struggling 

with their mental health, the risk of psychological harm from SMU resulting from these cumulative 

vulnerabilities will be markedly nigher than for users who possess fewer vulnerabilities. 

306. To my knowledge, only one study has rigorously examined the concept of 

cumulative risk in the context of social media and mental health. Specifically, in a sample of 10,147 

American youth (mean age=12 years) from the NIH-funded Adolescent Brain Cognitive 

Development study, Pagliaccio et al. (2024) applied a data-driven digital exposome-wide 

association model to generate a composite digital exposomic risk score that aggregates the 

cumulative burden on mental health on 41 facets of social media. These risk factors were 

categorized into 5 main categories: 1) duration (min/hours/day in weekdays and weekends), 2) 

parental monitoring (parents thinking their children have fake accounts that they can’t monitor), 

3) apps used (yes/no to using Instagram), 4) overuse or addictive use (i.e., using SMU so much it 

has a negative effect on schoolwork); 5) peer connection (i.e., feeling connecting to friends using 

SMU). Results showed that higher SMU digital exposome risk scores were associated with 1.76 

(95% CI: 1.39,2.33) higher odds of reporting a previous suicide attempt, and this association 

remained significant after controlling for sociodemographic characteristics, time in screen time for 

non-social purposes (e.g., schoolwork, TV, etc.), and non-digital childhood adversity. More 

strikingly, higher scores on the SMU digital exposome risk composite was associated with Z=1.76, 

or odds ratio of 5.81 and a composite measure of psychopathology (internalizing, externalizing, 

and attentional problems) measured by the Brief Problems Monitor Questionnaire, after 

controlling for age, sex, race, ethnicity, parent education, non-social screen time, and childhood 

adversity, thus isolating the effect of this SMU cumulative risk. This independent contribution is 

reflected by the digital exposome variable accounting for 15.61% of the unique variance in the 

psychopathology composite, which by all benchmarks is clinically significant. 

307. It is important to note that other studies published using the ABCD study on social 

media show low SMU in this wave of data (mean age=12 years), so it is reasonable to conclude 
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this cumulative risk of psychological harm will increase with increasing social media exposure 

that typically occurs throughout adolescence. This level of risk will be compounded by the 

presence of additional adolescent vulnerabilities described above. Also of considerable 

importance, this study statistically controlled for sociodemographic variables and previous non-

digital trauma, so it is likely that the mental health harms among these youth would be even greater 

if these factors were added to the model. 

5.6.9. INDIVIDUAL VULNERABILITY: CONCLUSIONS 

308. The cumulative evidence demonstrates that individual characteristics, including but 

not limited to socio-demographic characteristics, psychological/mental health history, personality 

traits, neurobiological factors, genetic influences, quality of social media use, and digital literacy 

make some children and youth especially vulnerable to the mental health harms presented by 

Defendants’ social media platforms. These risks among youth are not evenly distributed but are 

shaped by a complex interplay of socio-demographic, psychological, neurobiological, and 

contextual factors. Adolescent girls, marginalized and low-SES youth, and those with preexisting 

mental health vulnerabilities are disproportionately affected, with heightened exposure to harmful 

experiences, greater susceptibility to social comparison, and reduced protective factors such as 

parental supervision and mental health access. Experimental, epidemiological, and neurobiological 

research converges to show that SMU—especially when excessive, passive, or centered on social 

comparisons to appearance ideals can exacerbate depressive symptoms, anxiety, low self-esteem, 

and disordered eating. Genetic and personality traits such as neuroticism further compound this 

risk, consistent with established individual differential susceptibility risk models (Mougharbel & 

Goldfield, 2020). Even after controlling for multiple confounding variables, large-scale studies 

show that cumulative digital exposure significantly predicts broad psychopathology, with 

clinically meaningful effect sizes. Taken together, this body of research underscores that SMU is 

a potent risk factor for child and youth mental health problems, particularly when vulnerabilities 

intersect. 

5.7. BRADFORD HILL ANALYSIS  

309. Summaries of evidence on each factor follows: 
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5.7.1. STRENGTH OF ASSOCIATION   

310. The strength of association factor refers to the magnitude of association, which is 

typically measured by statistics like correlation coefficients or relative risk/odds ratios. Bradford 

Hill posited that if an exposure has a strong association with an outcome (e.g., smokers having a 

much higher prevalence of lung cancer risk of non-smokers), it is more likely to reflect a causal 

relationship. However, weaker associations (e.g., a 10% increase in risk) do not preclude causality.  

311. As explained above, and detailed in Tables 1-8, the meta-analyses of observational 

and experimental studies have consistently found a statistically significant association between 

SMU and poorer mental health, characterized by more severe symptoms of depression, anxiety, 

FoMO, loneliness and body image disturbances, and lower well-being indicators (happiness, life 

satisfaction, subjective well-being, etc.) in children and youth. These relationships are more 

consistent and robust in the context of PSMU on virtually all mental health and well-being 

indicators, including suicide outcomes. Although there is “no general rule for how large an 

association needs to be to meet this consideration,” (Lash et al. 2020), in many of the studies, the 

magnitude of the association was generally small for SMU and mental health outcomes, and almost 

50% were moderate to large (depending on outcome) for PSMU and mental health outcomes, 

based on criteria established by Funder & Ozer (2019). These authors argue that small effects 

accumulate over time, and when considered at the population level, the exposure variable can have 

meaningful public health impact on mental health outcomes. However, it is important to note that 

meta-analysis pools all participants from all studies to estimate an average effect size, thus does 

not account for individual differences in vulnerability. There is evidence the risk of harm is greater 

in some youth compared to others, evidenced by the cumulative digital exposome study described 

above (Pagliaccio et al. 2024).  

312. Moreover, as described above, many methodological limitations in the research 

likely attenuate effect sizes and bias results towards the null. This includes the preponderance of 

self-reported SMU that is known to be unreliable (Parry et al. 2021), over reliance of SMU duration 

as the exposure variable, high heterogeneity in measures of mental health, and truncated ranges of 

both exposure (social media use) and outcomes (mental health). For example, it is noteworthy that 

because almost all US adolescents use social media now (Vogels et al. 2022), the contrast between 

“users” and “non-users” is narrow – which inherently limits measurable strength. With nearly 

universal exposure, we are often comparing high vs. moderate use, which will naturally yield 
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that the observed association appears to be slight” because “there are many occasions in medicine 

when this is in truth so.” (Hill, 1965).  

314. It is important to note that more modern applications argue for the importance of 

not only considering strength of association in this evaluation, but also statistical significance when 

evaluating strength. As one set of researchers recently put it, “[t]oday, statistical significance-not 

the magnitude of association-is the accepted benchmark for judging the strength of an observed 

association, and thus its potential causality” (Fedak et al. 2015, p. 2). And the strength of statistical 

significance is very high in these meta-analytic studies. For instance, based on effects reported in 

Table 2, at least 10-meta-analytic review studies reported highly significant effects of SMU and 

poorer mental health outcomes at p<0.001, reflecting the probability that these effects occurred by 

chance is 1 in 1,000, which of course is highly improbable. Many more achieved this level of 

significance in the tables on body image and suicide outcomes. It is recognized that in studies with 

large sample sizes, such as meta-analytic studies, statistical power is very high in detecting 

significant effects. For this reason, I have not weighed “statistical significance” heavily in my 

evaluation, but it simply represents another piece of information ‘that I considered as it reflects the 

academic standard benchmark. It is acknowledged that statistical significance does not always 

mean clinically significant or meaningful; hence my application of Funder & Ozer’s (2019) model 

of effect sizes in population-based mental health research.  

315. Taken together, I opine that the strength factor is satisfied here by the meta-analytic 

reviews of both observational and experimental studies for SMU and fully met for associations 

between PSMU and poorer mental health. 

5.7.2. CONSISTENCY 

316. Consistency refers to an association reported across multiple populations, over 

time, and using different study designs (Lash et al. 2020. p. 20). It is evident that consistency 

applies here. As described in detail above, the association between SMU, and especially PSMU, 

and worsening mental health has been consistently demonstrated in over 36 meta-analyses 

including extremely large cohort studies, cross-sectional and longitudinal observational and 

experimental studies, in different populations around the world, across numerous positive and 

negative indicators of mental health, positive indicators of wellbeing, neurobiological outcomes 

measured by fMRI and MRI, cognitive functioning, and even across a 15-year time period (pre-

COVID-19 pandemic, during pandemic, and post-pandemic). As described above for each of the 
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tables, the vast majority of the meta-analyses report that high SMU and PSMU is statistically 

significantly associated with more psychological harm, while virtually none of the meta-analyses 

reported that SMU was associated with benefits. 

317. Regarding experimental outcomes (Table 8), less consistency was apparent on 

mental health outcomes of both positive and negative effects. As previously discussed, however, 

all meta-analyses possess methodological limitations that artificially supress intervention effects 

(i.e., floor effects), exacerbated by very high heterogeneity (inappropriate pooling of outcomes and 

designs). In more homogeneous, low risk of bias experimental studies examining only SMU 

reduction, with intervention adherence verified objectively (not based on self-report), virtually all 

studies showed significant effects on most mental health outcomes (Hunt et al. 2018; Hunt et al. 

2021; Davis & Goldfield, 2024; Thai et al. 2023; Thrul et al. 2025). The inherent limitations in 

existing meta-analyses, although not well represented in quality and risk of bias evaluations, have 

nevertheless been well recognized to be inconsistent with best practices in conducting rigorous, 

high quality meta-analyses (Vetter, 2019; Walker et al. 2008). This is also evident in a sizable 

minority that did not even systematically evaluate or report on the quality of studies included in 

the reviews. 

318. Despite most studies achieving statistical significance, as reported above a minority 

of studies failed to show that SMU was significantly associated with poorer mental health, and this 

proportion was higher for positive well-being indicators. However, it is important to note that it is 

“completely fallacious” to deem a set of studies “inconsistent simply because some results are 

'statistically significant' and some or not.” (Lash et al. 2020, p. 20). This mistaken conclusion is, 

unfortunately, common in the field. Admittedly, the consistency around general SMU and relations 

to positive indicators of emotional well-being is less consistent than for negative indicators (ill 

being).  

319. Based on my review, it is my opinion that the consistency factor is met. Considering 

adverse associations between SMU, and especially PSMU, are stronger for psychopathology, 

including suicide and self-harm, which are far more serious and distinct from simply having lower 

happiness or life satisfaction, this strengthens my belief that the consistency factor is met. 

5.7.3. SPECIFICITY 

320.  Specificity, within the Bradford Hill framework, pertains to the extent to which an 

exposure is uniquely associated with a particular outcome. A highly specific relationship 

HIGHLY CONFIDENTIAL

Case 4:22-md-03047-YGR     Document 2536-3     Filed 12/11/25     Page 142 of 496



142 
 

strengthens causal inference, as it reduces the likelihood of confounding factors. Classic examples 

include the link between asbestos exposure and mesothelioma, where the disease is attributed to a 

single exposure. Conversely, when an exposure is associated with multiple disparate outcomes, or 

when an outcome has multiple etiologies (i.e., mental health) without a predominant cause, 

specificity is naturally lower, complicating causal interpretation. High specificity would be 

indicated if, for example, SMU was exclusively associated with depression and if depression in 

children and youth was predominantly attributable to SMU. However, empirical evidence suggests 

that social media use correlates with a broad spectrum of negative mental health outcomes as 

reported in the outcome tables and discussed above. 

321. Even though social media exposure does not exhibit high specificity, the absence 

of specificity does not preclude causation but suggests that social media’s influence is likely 

mediated through multiple pathways and has different impacts on different youth populations. This 

finding is consistent with the differential susceptibility hypothesis which posits that impact of 

social media (like other environmental exposures) will be influenced by a combination of 

sociodemographic, psychosocial, developmental, behavioural and biological factors (Mougharbel 

& Goldfield, 2020), as discussed above.  

322. This Specificity element in causality assessment is “widely considered weak or 

irrelevant from an epidemiologic standpoint” (Fedak et al. 2015, p. 3) because there are numerous 

well-known causal relationships that do not satisfy this factor. As Bradford Hill pointed out, 

tobacco smoking does not exhibit “specificity” with respect to lung cancer, since smoking causes 

more diseases than just lung cancer, and lung cancer can occur in non-smokers too. Yet, tobacco 

smoking is nevertheless universally recognized as being causally associated with lung cancer. It is 

for these reasons why Bradford Hill himself cautioned that “we must not, however, over-emphasize 

the importance of [specificity].” (Hill, 1965, p. 297). In this case, it is clear that not every 

adolescent who develops a mental health disorder will have been exposed to heavy or problematic 

social media use because the etiology of these disorders is a complex and multifactorial, but as 

Bradford Hill noted, this is often true of causal associations. “Indeed, many health outcomes have 

been linked to various behavioural, environmental, social, and genetic risk factors,” meaning that 

even in situations of known causality, specificity is not satisfied (Lash et al. 2020). Thus, in my 

opinion, the specificity criterion is not satisfied here. However, it is generally considered by 
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modern epidemiologists to be all but irrelevant for the aforementioned reasons, and even Hill 

himself stated it very rarely applies (Hill et al. 1965).  

5.7.4. TEMPORALITY 

323. Temporality, the principle that a cause must precede its effect, is a fundamental 

factor for establishing causality (Hill, 1965). In the context of social media use and mental health, 

determining whether social media exposure precedes changes in mental health status or whether 

there is any possibility of reverse causation, whereby the outcome (mental health) leads to the 

exposure (social media), is critical for evaluating temporality. Longitudinal studies, which assess 

social media usage at baseline and track subsequent mental health outcomes, are the primary 

methodological approach for evaluating temporality. In contrast, cross-sectional studies are 

inherently limited, as they cannot disentangle whether anxiety/depressive or other mental health 

symptoms lead to increased social media use or vice versa. Given the bidirectional plausibility - 

whereby social media use may contribute to mental health problems, such as depression, while 

depression may also drive increased SMU engagement - longitudinal, prospective studies and 

natural experiments are essential for establishing temporal precedence. 

324. This factor is largely satisfied in the relationship between social media use and 

adverse mental health outcomes. Longitudinal and experimental studies consistently demonstrate 

that increased social media exposure precedes and predicts worsening mental health indicators, 

including depression, anxiety, body image disturbances, suicide and self-harm, detrimental 

changes to brain structure and function, and corollary neuropsychological deficits. While 

bidirectional influences exist, as discussed above, evidence from multiple meta-analytic reviews 

(Ahmed et al. 2024; Chen et al. 2024; de Valle et al. 2021) suggests that the primary temporal 

pathway involves social media use contributing to mental health deterioration, and greater 

deterioration is seen with PSMU (Chen et al. 2024). Although temporality alone does not establish 

causation - since a third variable could account for the observed relationship - it is a necessary 

condition for causal inference. Conversely, many experimental studies that reduced SMU showed 

subsequent mental health benefits at follow-up, providing experimental evidence of temporality. 

Given the accumulating prospective and experimental evidence, it is my opinion that the 

temporality factor is satisfied and provides strong support for the hypothesis that social media use 

plays a causal role in youth mental health decline.  
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5.7.5. BIOLOGICAL GRADIENT  

325. The biological gradient, or dose-response relationship, refers to whether an increase 

in exposure levels leads to an increase (or decrease) in the outcome of interest. Hill notes that if a 

dose-response pattern of results is observed, it is more likely that the association is causal (Hill, 

1965). Given virtually all of the meta-analyses were designed and had excellent power to detect if 

higher SMU (duration, frequency, intensity) had dose-response relationships with worsening 

mental health outcomes, all results in tables and the summarised discussion above can be applied 

to evaluate dose-response relationships. A linear gradient (more exposure=more effect) is easiest 

to interpret, but even a non-linear (e.g., J-shaped or threshold) relationship can indicate a gradient 

as long as there is a systematic pattern (Lash et al. 2020).  

326. The available evidence supports a dose-response relationship between social media 

use and adverse mental health outcomes, though the association is not always linear. A critical 

threshold may exist beyond which risk increases disproportionately. Nevertheless, higher levels of 

social media engagement—whether measured by duration, frequency of check-ins, number of 

platforms used, or severity of compulsive use—generally correlate with an elevated likelihood of 

negative psychological effects. Experimental data addressing widespread methodological 

limitations further suggest that reducing social media exposure mitigates risk, reinforcing the 

plausibility of a dose-response causal relationship. If social media use was not a causal factor, a 

consistent gradient of increased use leading to greater harm would be unlikely to be observed 

repeatedly given the obvious confounders have been controlled for, either statistically or 

experimentally, in virtually all meta-analyses. The fulfillment of the dose-response factor 

strengthens the argument for a causal link between social media use and adverse mental health 

outcomes. The observation that risk increases with exposure supports the inference that this 

relationship is not incidental but instead indicative of an underlying causal mechanism. As such, it 

is my opinion that the biological gradient factor is satisfied.  

5.7.6. BIOLOGIC PLAUSIBILITY 

327. This factor examines whether there is a biologically plausible mechanism by which 

the exposure can cause the outcome of interest. Although “[w]hat is biologically plausible depends 

on the biological knowledge of the day.” Thus, this factor cannot always be “demanded” in 

determining causality (Hill, 1965). Social media is a social construct, and I devoted a much of this 
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report describing the psychological, social, and behavioural mechanisms through which it impacts 

mental health in the sections above.  

328. Multiple studies have documented that several user design features of social media 

use elicit psychological processes that are analogous to processes implicated in both behavioural 

and substance addictions. This includes easy access via mobile technology, algorithm-generated 

personalized experience, auto-scroll that undermines self-regulation of use, notifications that 

entice engagement, and positively reinforcing features such as gamification and social feedback 

via likes and comments. Collectively, these factors were empirically demonstrated above to drive 

excessive or problematic usage. Experimental human neuroimaging studies have shown many of 

these features, such as social reinforcement in the form of likes, positive comments, stimulate the 

dopamine reward centers of the brain, a neural pattern of response that is also associated with 

higher or more intense SMU (Maza et al. 2023; Meshi et al. 2013; Mesh et al. 2015). These brain-

behavioural responses are well established biological reinforcement mechanisms that drive 

addictive behaviour (Maza et al. 2023). Dopamine is also implicated in emotional and behavioural 

regulation (Salagado-Pineda et al. 2005). Moreover, there is longitudinal evidence of dose-

response biological relations, whereby youth who checked their social media accounts more 

frequently (SMU intensity) later showed greater activation in dopamine reward and emotional 

regulation during a social a social anticipation task on social media (“likes”/positive comments). 

However, those who were not habitual SMU checkers showed the opposite pattern (Maza et al. 

2023). Importantly, Maza et al. (2023) also showed that frequent SMU checking predicted greater 

activation in the dorsolateral prefrontal cortex, which is the area of the brain governing self-

regulation and executive control (attention, impulsivity, organization, decision making), brain 

functions well documented to be essential for effective functioning at school, work, and life in 

general. Other studies reviewed above also indicate that the brain reward responses derived from 

aspects of social media is even stronger than neural responses registered for other rewarding 

stimuli such as money or palatable food (Meshi et al. 2013), highlighting the strong addictive 

properties of SMU. Additional research has shown longitudinal dose-response relationships 

between high and low social media use and detrimental anatomical (structural) changes (less gray 

matter), cortical thinning, and less white matter (integral for brain connectivity) in the brain in 

areas that govern reward and executive functions (Achterberg et al. 2022). These findings are 

consistent with the fMRI studies showing adverse functional brain responses to SMU exposure to 
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positive social reinforcement (i.e. likes) which produced brain reward responses that was stronger 

than for potent reinforcers such as palatable food or money (Meshi et al. 2013). Although this 

research is still in its infancy, I have not seen a neuroimaging study on social media that has shown 

benign associations, although they could be present, or perhaps not as evident in the published 

literature due a publication bias against null findings. Nevertheless, the existing evidence 

converges to show that there is a neurobiological underpinning to explain why excessive and 

problematic SMU occurs, and these neural mechanisms likely interact with social, physical, 

developmental and neurobiological vulnerabilities inherent during adolescence. This potentiates 

the risk of harm when the brain and behavioural habits are still developing. Additional research 

may reveal other biological mechanisms. For example, I have shown that higher screen time is 

associated with lower brain derived neurotrophic factor (Goldfield et al. 2021a), which is a growth 

factor involved in regulating cognitive processes (Walsh e al., 2020), food intake (Goldfield et al. 

2021b), metabolic regulation (Krabbe et al. 2007), and implicated in many psychiatric conditions 

and quality of life (Goldfield et al. 2024). Thus, this could be an area of future investigation of a 

biological mechanism linking SMU and mental health.       

329. In my opinion, the biological plausibility factor is satisfied here.  

5.7.7. COHERENCE 

330. This factor looks at whether a “cause-and-effect interpretation” of the data 

“seriously conflict[s] with the generally known facts of the natural history and biology of the 

disease.” (Hill, 1965). In other words, coherence asks whether the causal interpretation of an 

association is consistent with what is already known about the natural history and biology of the 

disease or outcome, and with other observations (like population-level trends, laboratory research, 

etc.). If a cause-and-effect relationship is true, it should generally cohere with things like time 

trends in the population, analogous situations, and the absence of contradictory evidence from 

other domains. In the case of association between social media and psychological harms, the 

evidence in adolescents is coherent with existing knowledge and understanding of the causes of 

disorders such as depression, anxiety, body image disturbances, eating disorders, as well as 

suicidality and self-harm. Specifically, social and environmental factors are known to play an 

etiological (causal) role in the development of these psychological conditions, and their sub-

clinical forms, as discussed above. Moreover, adolescence is a developmental period with 

heightened need for social connection, and sensitivity to social approval, and is widely considered 
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a high-risk period for developing mental health problems due to rapid changes in social, physical, 

and neurobiological changes (Jaworska & McQueen, 2015), as discussed in more detail above.  

5.7.7.1. Coherence with Time Trends 

331. One strong coherence point is the temporal correlation discussed earlier: The 

deterioration in teen mental health indicators after 2012 coheres with the widespread adoption of 

smartphones and social media around that time (Twenge, 2020). This synchronicity across multiple 

countries (e.g., U.S. (Wilson & Dumornay, 2022), Canada (Statistics Canada, 2023), UK (Cybulski 

et al. 2021), Australia (Australian Government, 2021) provides a coherent narrative that something 

changed in youths’ lived experience during that period. Social media is a prime candidate as it was 

indeed a major change in adolescent life. For instance, global surveys showed increased feelings 

of loneliness among school-aged youth after 2012, in all world regions, which coheres with the 

idea that even though the world became more digitally connected, face-to-face interaction or 

genuine connection might have declined (Twenge et al. 2021). If social media was harming social 

connection, we would expect a rise in loneliness - which is exactly what is seen internationally. In 

Canada, nearly 25% of youth report feeling lonely some or all of the time (Statistics Canada, 2023), 

and meta-analytic reviews presented above show bidirectional associations, indicating greater 

social media use increases loneliness and social isolation, likely due to displaced in-person 

interactions, and greater loneliness predicts greater social media use, ostensibly to feel more 

connected (Zhang et al. 2022). This consistency between macro-level data and the proposed causal 

effect adds coherence.  

332. It is also coherent that the increases in depression and self-harm have been 

especially pronounced among girls (Twenge, 2020), since as noted, girls use social media more 

intensively (especially visually oriented platforms that might affect self-esteem). The fact that 

girls’ mental health worsened more than boys’ in the past decade (Slomski, 2023) is what one 

would predict if social media were a significant factor (because girls on average got a higher “dose” 

of the suspected cause). That sex difference in trends of social media and depression aligns with 

the causal hypothesis, enhancing coherence.  

333. The social media-psychological harm causation idea is also coherent with research 

on other digital media. For example, a recent narrative review that I conducted found that all 

recreational screen behaviours were associated with a higher risk of many mental health problems, 

with the most consistent and robust associations found for social media use (Mougharbel & 
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Goldfield, 2020). Similar patterns of findings have been found in meta-analytic reviews on 

duration of screen exposure. More recently, coherence is seen with studies on smartphone use in 

general: heavy smartphone use is linked to depression, anxiety, disordered eating, as well as poor 

sleep and functional brain changes in many studies (e.g., Adams et al. 2013; Garett et al. 2023; 

Sampasa-Kaningya et al. 2018), which is in turn linked to more severe symptoms of anxiety and 

depression (Chaput et al. 2016). Social media is one of the primary uses of smartphones for teens, 

so a lot of that negative impact of “smartphone addiction” has been shown to be driven mostly by 

social media activities (Noe et al. 2019). Relatedly, results from meta-analytic reviews on Internet 

addiction or gaming disorder (recognized by World Health Organization, and under consideration 

as behavioural addiction in the DSM-5), on a wide range of mental health outcomes in adolescents, 

reveals patterns and magnitudes of association that are remarkably similar to those reported above 

for SMU addiction (Soares et al. 2023; Mohammad et al. 2023). These findings on other screen 

addictions cohere with social media causing similar mental health problems, since these are 

parallel phenomena (i.e., excessive engagement with digital experiences). Thus, there is no conflict 

here; rather, social media fits into a broader pattern of interactive media that can be harmful when 

excessively used.  

5.7.7.2. Coherence with SMU and Social Attachment Research  

334. Systematic reviews consistently report that higher social media use is associated 

with poorer quality attachments and social relations to family and friends (D’Arienzo et al. 2019; 

Stöven & Herzberg, 2020). This is coherent with observations that teens today spend less time in 

in-person social activities (e.g., hanging out with friends, dating, going to parties) than previous 

generations did, as shown in time-use surveys (Twenge, 2020). If social media partly replaced 

those interactions, it is coherent that loneliness and depression rose, because digital interactions 

do not provide the same emotional nourishment. This narrative aligns with sociological data and 

does not contradict any known social science principle; it is in fact an application of known 

principles on attachment theory, both to parents and peers. Disorders like anxiety and depression 

are multi-factorial and known to be influenced by social context during adolescence, evidenced by 

a relatively new therapy called interpersonal psychotherapy (Markowitz & Weissman, 2004). This 

evidenced-based psychotherapy is predicated on the evidence that the quality of social 

relationships with significant others underlie depression and anxiety, and improving these 

relational dynamics improves symptoms and well-being (Lipsitz & Markowitz, 2013). 
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335. Coherence also means there is no strong evidence that contradicts the proposed 

cause-effect. So far, no meta-analysis has found evidence that increased social media use improves 

youth mental health, which would be a contradiction. While there are positive facets at lower levels 

(i.e., feeling socially connected), on balance we do not see an inverse relationship (like more social 

media leading to less depression and loneliness at the population level). If that were observed, it 

would break coherence. Instead, almost all meta-analytic findings (reported in Tables above), 

based on hundreds of studies on more than 2 million adolescents, in multiple countries, pre- and 

post- pandemic point to some level of harm, not benefit. Coherence in this context is maintained.  

336.  In summary, there is strong evidence for the coherence factor. The introduction and 

explosive growth of social media changed adolescent social environments and interaction patterns; 

this coincided with a temporal rise in mental health problems, particularly in girls who also use 

SMU more; known psychological and biological processes explain how SMU leads to 

psychological harm and align with known vulnerabilities in adolescence. To my knowledge, no or 

little-known data flatly contradict the notion that social media and psychological harm are causally 

linked. In other words, no alternative hypothesis explains the full array of findings as coherently.  

337. In my opinion, the coherence factor is satisfied. 

5.7.8. EXPERIMENT 

338. The experiment factor refers to evidence from experiments or analogous 

interventions where the exposure is manipulated, and outcomes are observed. In epidemiology, 

this often means randomized controlled trials or natural experiments. If deliberately reducing or 

removing social media use leads to improved mental health outcomes (or increasing use leads to 

worse outcomes) under controlled conditions, that provides powerful evidence of causality (Hill, 

1965). Here, ethical considerations preclude conducting experimental studies in humans because 

there is enough evidence that increasing social media exposure increases the risk of psychological 

harm. Similar constraints exist in human clinical trials research in smoking, substances and other 

toxins. This explains why most of the interventions designed to assess causality reduce or eliminate 

social media. However, as reported above, there have been laboratory studies conducted that 

expose adolescents to unattainable ideal images to examine acute (brief) effects on social 

comparisons and body image. These meta-analyses of experimental studies found that exposure to 

the societal ideal on social media leads to increased upward (negative) social comparison and 

greater body dissatisfaction compared to images that are not reflective of the appearance-ideal, or 
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control images (McComb et al. 2023; de Valle et al. 2021). Moreover, these studies also found that 

just allowing youth to use SMU on their personal accounts in the lab (with no contrived 

experimental manipulation of images) led to greater distress, body dissatisfaction and social 

comparison, highlighting causal relationships due to the high degree of experimental control in 

these studies.  

339. Several meta-analyses on the effects of SMU reduction or abstinence on a wide 

range of negative and positive mental health and well-being outcomes have been reviewed in detail 

above and presented in Table 8. Almost 60% of the intervention effects reported in these meta-

analyses were significant, ranging from small to moderate effect sizes. However, as discussed 

above, many methodological limitations involved in the conduct of these meta-analyses have been 

known to lead to misleading or non-meaningful conclusions (Vetter, 2019). These include 

inappropriate pooling of outcomes that contribute to high statistical and clinical heterogeneity, 

pooling of abstinence with reduction studies, pooling short-term abstinence studies with longer 

term reduction studies. Perhaps most importantly, the populations studied were exclusively healthy 

youth, who on average, report very few symptoms of anxiety, depression. As discussed above, in 

the studies that addressed these limitations, all showed that reducing social media to 30 or 60 

minutes/per day for 3 weeks led to moderate to very large effect-sized reflecting reductions in 

depression (Hunt et al. 2018, 2021) and generalized anxiety (Goldfield, 2024). There is evidence 

of a dose-response relationship in that the SMU restriction by Hunt et al. 2021 produced stronger 

intervention effects than my study that used a more liberal restriction of 1 hr/day. The magnitude 

of symptom reduction reported in these studies easily surpassed clinical thresholds indicating they 

are clinically meaningful, as reported above. Moreover, these intervention effects are comparable 

in magnitude to those observed from meta-analyses of clinical trials using cognitive behaviour 

therapy (the most evidenced-based approach) and even pharmacotherapy for depression in 

adolescents (Cuijpers et al. 2023). These high quality, low risk of bias studies (as reported in 

multiple meta-analytic reviews above) provide evidence for a clear causal relationship between 

SMU and mental health, at least in the context of youth with symptom manifestation.  

340. Taken together, there is mixed evidence from the meta-analyses that the criterion 

of experiment is satisfied, but this is largely due to severe methodological limitations obscuring 

interpretation. When these limitations are addressed in the 3 experimental trials, causal 
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relationships become consistent, robust, and clinically meaningful. Based on these high-quality 

studies, it is my opinion that the experiment factor is satisfied. 

5.7.9. ANALOGY 

341. Analogy involves using comparisons to similar known causal relationships to 

support the likelihood of the association being causal. If an exposure is analogous to another 

exposure that is known to cause a similar effect, then by analogy, it is plausible that this exposure 

causes the effect too. In Bradford Hill’s context, analogy is a weaker factor, but it can be 

illustrative. There are multiple examples supported by evidence to support the analogy factor, some 

of them are described under coherence due to conceptual overlap in Bradford Hill factors.  

5.7.9.1. Analogous to Other Screen Time 

342. As described under coherence, my published research, supported by systematic 

review of meta-analyses indicate remarkably similar patterns of results and effect sizes on mental 

health outcomes from other recreational screen behaviours such as TV viewing, video games, 

internet use, and addictive use of these digital media (Twenge, 2018). This highlights that excessive 

screen time in general can be detrimental (something pediatricians and public health policy have 

warned about for years), and social media would logically be included in that, with multiple 

reviews showing it has even stronger effects on mental health for the reasons discussed above. The 

analogous findings reinforce the notion social media and other media technology cause harm.  

5.7.9.2. Analogous to Internet/Gaming Addiction 

343. The World Health Organization has recognized Gaming Disorder (excessive video 

gaming causing impairment) as a diagnosable condition. This recognition came after evidence that 

a minority of gamers exhibit addiction-like behaviour leading to negative life outcomes. Social 

media addiction (or “Social Media Disorder” as some researchers call it) shows very similar 

behavioural patterns – craving, neglect of other activities, inability to cut down, mood effects, 

withdrawal, etc. (Lei, 2022). It stands to reason that if gaming can become addictive and harm 

mental health, social media, which elicits similar reward mechanisms (points, likes, endless 

progression like a digital slot machine, dopamine), could do the same. Indeed, meta-analytic 

reviews establish that gaming addiction correlates with depression (Ostinelli et al. 2021), as does 

internet addiction and smartphone addiction with depression and anxiety (Pham et al. 2025); 

analogously, social media addiction correlates with the same outcomes with comparable effect 
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sizes (Shannon et al. 2022). Thus, the analogy strengthens belief in causality because it is not an 

outlier – results form a pattern of behavioural addictions causing harm (like gambling, gaming, 

etc.).  

5.7.9.3. Substance Use Analogy 

344. We might even draw analogy to substance abuse. As discussed above in Biological 

Plausibility, substance-related and behavioural addictions such as problematic social media use 

share psychological and neurobiological underpinnings. For example, both stimulate the brain 

reward system which compel further use, both can cause a cycle of craving and temporary relief 

leading to long-term negative mood (Volkow et al. 2016). Teens using social media to self-

medicate loneliness or depression is analogous to those using alcohol to self-medicate stress – in 

both cases, reliance on an external habit undermines developing healthy coping mechanisms 

(Vieira et al. (2023). Also, just as frequent alcohol or drug use is known to precipitate depression 

in teens (via neurochemical changes and life disruptions), excessive or problematic social media 

is causally associated with depression, as shown above, with evidence that both lead to 

impairments via neurological reward pathway changes and behavioural health (Crone & Konijin, 

208). Although social media does not intoxicate, the analogy is that an external habit hijacks the 

brain’s reward system resulting in classic symptoms of addiction that lead to impairment in 

psychological, interpersonal, emotional, and academic functioning.  

5.7.9.4. Analogy to Rapidly-Changing Environments  

345. Historically, when aspects of adolescents’ environments drastically changed (e.g., 

during urbanization or introduction of mass media), there were observable shifts in youth 

behaviour and health. Social media is such a drastic environmental change (a new social context). 

By analogy with other historical shifts (like the sudden availability of fast food leading to obesity 

rise), one can conceptualize social media as a “fast food of social interaction” – highly palatable, 

easy, but not very nutritious, leading to health issues. This analogy is sometimes drawn by 

researchers (Twenge et al. 2020) who compared smartphones to a possible cause of a public health 

crisis, akin to how sudden diet changes caused obesity problems (Twenge, 2020). While analogies 

like “junk food” are simplistic, they highlight the notion there that we are observing parallels 

whereby sudden introduction of a new stimulus population-wide often has broad reaching effects.  

346. The analogies applicable to social media overwhelmingly align with the idea that it 

can cause harm. Social media use is analogous to other screen exposures when used excessively 
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that are well-documented to adversely affect mental health, as demonstrated above. Therefore, by 

analogy, it is quite reasonable to infer a causal effect. This factor does not add entirely new 

evidence; rather, it is meant to highlight that observed phenomenon is not unprecedented or 

inexplicable in light of other knowledge. 

347. Taken together, the analogy factor is satisfied in that multiple parallels from 

different domains support the plausibility and reality of the causal link between social media and 

mental health harm among children and youth. 

5.7.10. BRADFORD HILL CONCLUSION 

348. Taken together, the totality of evidence across epidemiological, experimental, 

psychological, neurobiological, and sociocultural domains demonstrates a causal association 

between social media use—particularly problematic use—and mental health harm in children and 

youth. The relationship is statistically significant, consistent across studies and populations, 

temporally ordered, shows a dose-response gradient, is biologically plausible, coherent with 

broader scientific understanding and time trends, and supported by high-quality experimental 

evidence and analogical comparisons. While the strength of association for general SMU is often 

small, the effect sizes for problematic use are frequently moderate to large and clinically 

meaningful—comparable to, or greater than, other widely accepted causal risk factors. These small 

population-level effects for general SMU can translate to significant public health consequences 

over time (Funder & Ozer, 2019). The harms are disproportionately concentrated among 

vulnerable subgroups—such as girls, youth with pre-existing mental health concerns, marginalized 

communities, and those with high digital risk profiles. The scientific data considered in this 

Bradford Hill analysis further establishes that Defendants' social media platforms cause and 

contribute to cause mental health harms to children and youth.  

6. DEFENDANTS’ INTERNAL KNOWLEDGE 

6.1. META 

6.1.1. OVERVIEW 

349. Meta owns Facebook (founded in 2004) and Instagram (acquired by Meta in 2012), 

two major social media platforms. Meta’s platforms have numerous features that drive social 

media use and addiction in children and youth. One of Meta’s very first executives, former 

President of Facebook Sean Parker, described the thought process going into building the social 
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media applications as wanting to consume users’ time and attention by using dopamine hits to 

create social validation feedback loops. He identified this as exploiting a vulnerability in human 

psychology and said that he and Mark Zuckerberg and others did it consciously. (Zuckerberg Ex. 

2; Dep. at 53-54). Despite the effects of its features being well-documented in Meta’s own internal 

materials, Meta has continued to use them in ways that harm children and youth.  

350. Children and youth are prolific users of Meta’s platforms. Meta’s own 2021 study 

found that there were between 450 and 585 million teens on Instagram (META3047MDL-031-

00131639; Rothschild Dep. at 85-86). Meta’s research shows a substantial volume of Meta pre-

teen users as well. Meta notes, for example, that “Teens typically join Instagram when they are in 

middle school at age 11-12” (META3047MDL-031-00086272). Children and youth are also more 

likely than adults to report excessive platform use. A study by Meta of U.S. Instagram users, for 

example, found that “Teens make up 15% of [daily active persons] in the US, but they make up 

63% of people who spend more than 28 hours a week on [Instagram]” (the highest category of use 

in the survey) (META3047MDL-020-00342286). 

351. Further, Meta documents show targeting pre-teens through strategies intended to 

downplay the risks of the platform to parents. One document proposes that Meta “Unlock parents 

as a barrier: Tweens are sensitive to the notion that they’re a generation addicted to all things 

digital. Parents feel like they’re constantly fighting tech’s magnetic pull on their kids. This makes 

parents feel uneasy about their tweens’ use of apps. We want to help parents feel comfortable 

allowing pre-teens to access the platform by providing tools to help them control their pre-teen’s 

experience and app usage. Through unlocking parents as a barrier we hope to acquire new users” 

(META3047MDL-019-00017593). However, as explained herein, parents have every reason to be 

worried about their children’s use of these products. 

6.1.2. META FEATURES INCREASE ENGAGEMENT AND LEAD TO HARMS 

352. Meta targets children and youth with features that draw them to the platform and 

keep them there. One Meta document, for example, is titled “Laughing, Stalking and Fandoms – 

How to make IG an urgent app for US (Girl) Teens again” (META3047MDL-019-00104380). The 

document proposes (among other things) “generat[ing] ‘urgency to check’ by encouraging the 

teens we do have in the app today to re-share material  with their friends. . . . Re-shares generate 

push notifications and bring people into the app” (META3047MDL-019-00104380). Push 

notifications are one of several features that drive compulsive use by children and adolescents.  
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353. Meta’s platforms generate push notifications to bring people into the app 

(META3047MDL-019-00104380; Kilstein Dep. at 488-89). Meta can control the timing of 

notifications to increase the time people spend on the platforms and send them at hours when 

people are otherwise less likely to be using the applications (Andrews Dep. at 80 (proposal to send 

notifications at night to increase use of platform); META3047MDL-031-00266889 (discussing 

proposal)). Notifications take advantage of adolescents’ emotional regulation and cognitive control 

deficits, driving them to use the platform more than they would like. This feature also takes 

advantage of adolescents’ dopamine reward pathways, leveraging variable timing of rewards and 

cues to reinforce compulsive checking behaviors. 

354. Meta acknowledges these effects internally. For example, an “IG Mental Health 

Wellbeing” presentation from 2022 describes how “Notifications make it difficult to manage time 

spent” on the platform (META3047MDL-136-00013164). Specifically, it notes that “Getting too 

many minor/irrelevant notifications is a trigger for those with PU [problematic use],” and that 

“people with PU [problematic use] found it ‘incredibly difficult to avoid notifications” 

(META3047MDL-136-00013164). A survey of Instagram users found that “21% of US teen 

[weekly active users] say notifications make it harder for them to manage the amount of time they 

spend on the app, and 31% say the number of notifications they receive can be overwhelming” 

(META3047MDL-136-00013164).  A similar survey of Facebook users found that “Notifications 

can [] impact feelings of control,” and that 29% reported that notifications lead them to use  

[Facebook] more often than they want” (META3047MDL-044-00171345).  

355. Meta witnesses acknowledged during deposition that push notifications contribute 

to problematic use. Vishnavi Jayakumar, the former Head of Youth Policy at Meta, testified that 

for teenagers, “we generally acknowledge that we – that notifications tend to draw them into the 

app repeatedly, and for more sessions and for longer time in session than we would otherwise want 

for young people of that age. And so notifications have been seen as a form of increasing the 

dependency of somebody on the app” (Jayakumar Dep. at 141-142). Meta nonetheless targeted 

teens with notifications. For example, a May 2023 presentation on Instagram Youth: Tween Needs 

noted that a majority of 13-14-year-old Instagram Direct messaging sessions were driven by 

notifications, highlighting the importance of notifications in driving sessions. (META3047MDL-

004-00003522).  
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356. Meta in both Facebook and Instagram incorporates infinite scrolling and autoplay

features that create seamless consumption experiences, take advantage of dopamine reward 

pathways, emotional and cognitive control deficits and reduce the natural stopping points and 

prolong use (Zenone et al. 2022). Meta’s internal documents acknowledge the addictive nature of 

these features. For example, a document titled “‘Addiction’/Problematic Use Design Audit Plan” 

identifies “Autoplay” and Endless Scroll” as part of the platforms’ “‘Addictive’-like design.” The 

document also identifies these as “dark pattern” features—that is, features that manipulate users 

into making choices unconsciously:

(META3047MDL-044-00108564). Another Meta document notes that endless scroll “enable[s] 

mindless usage” of the platform, leading to compulsive use: “People are aware they want to stop 

but don’t have the self-control to help themselves do that” (Guadagno Dep. at 188-92, 

META3047MDL-020-00251106).

357. Meta documents note that these effects are the strongest among adolescents. For 

example, in “What Makes Teens Tick?”, a Meta researcher explains that “Teen brains are much 

more sensitive to dopamine, one of the reasons that the risk of drug addiction is higher for 

adolescents and it’s the same thing that keeps them scrolling and scrolling. Due to the immature 

brain, they have a much harder time stopping even though they want to” (META3047MDL-003-

00191207). The document discusses how Meta can take advantage of adolescents’ unique traits to 

drive use: “Approval and acceptance are huge rewards for teens and interactions are the currency 
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on [Instagram]. DMs, notifications, comments, follows, likes, etc. encourage teens to continue 

engaging and keep coming back to the app” (META3047MDL-003-00191207). Another Meta 

presentation regarding “Teen Mental Health” notes that “Teens talk of Instagram in terms of an 

‘addicts narrative’ spending too much time indulging in a compulsive behavior that they know is 

negative but feel powerless to resist” (META3047MDL-003-00091414).  

358. Instagram introduced stories in 2016 and Facebook in 2017. These are ephemeral 

posts that disappeared after 24 hours. Stories were launched in response to competition for teen 

users on Snapchat whose ephemeral posts allowed teens to share away from the prying eyes of 

parents and teachers (META3047MDL-014-00017094). Stories were a key part of teen retention 

and growth strategy, allowing teens to share more spontaneous moments as feed sharing 

formalized (META3047MDL-003-00023877).  

359. Meta knew that ephemeral materials were a trigger for problematic use as the 24-

hour clock induced FoMO (META3047MDL-020-00005380). If a user did not sign on every day, 

they risked missing posts on stories. Social norms grew around the advent of stories, and Meta 

found that 40% of teens were concerned about offending friends if they didn’t respond to their post 

or stories right away (META3047MDL-136-00013164). Ephemeral posts drove teens onto the app 

at regular intervals to ensure they saw relevant posts and responded to friends. Push notifications, 

infinite scroll, autoplay and stories remain a core part of both Instagram and Facebook.  

360. Meta documents seem to acknowledge that these features were designed to 

encourage addictive behavior. For example, Meta notes that “likes,” “notifications” and “infinite 

scroll” are “features that are designed to exploit insecurity, or provide a dopamine rush . . . 

to increase time spent” among youth users, which is “inherently at odds with well-being and take 

away from people’s ability to consciously focus[] on activities that add value to their lives” 

(META3047MDL-044-00026817 (emphasis added)). The document goes on to state: “our product 

exploits weaknesses in the human psychology to promote product engagement and time spent” 

and “because of our reliance on AI, we cannot currently control for when content is being 

strategically leveraged to manipulate the opinions and moods of individual people” 

(META3047MDL-044-00026817). Many considered Meta’s features to be addictive going back 

to at least 2009, when the New York Times published an article on the distracting and addictive 

toll Facebook was taking on America’s teens (Kate Hafner, To Deal With Obsession, Some 

Defriend Facebook, New York Times (December 20, 2009) 
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https://www.nytimes.com/2009/12/21/technology/internet/21facebook.html). In fact, a Facebook 

internal Market Research report dated September 2008 noted: 

 
(META3047MDL-111-00427927). 

361. This is not surprising, given that Meta sets goals based on users’, including teen 

users’, time spent on the platform. An internal email from a Meta employee in November 2016 

indicates Zuckerberg decided that the top priority for the company in 2017 was going to be teens. 

Discussing that priority, the email specified: “Our overall company goal is total teen time spent . . 

.” (META3047MDL-003-00172008). A 2021 email from a Meta employee to Adam Mosseri (the 

Head of Instagram) indicates that the product teams continued to try to increase how often users’ 

get on the app (reflected below):  

 
(META3047MDL-003-00161686). According to a Well-Being team document, research showed 

that “problematic use is correlated with increased time spent, sessions and night time usage” 

(META3047MDL-020-00263115). Meta documents discuss how “Late Night Use”—defined as 

use between midnight and 4 a.m.—is common among teens, with nearly half of teens reporting 

late night use at least once a week (Volichenko Dep. at 127, Volichenko Ex. 6 at 10). As Meta 

documents acknowledge, this “[n]ighttime social media use is associated with poorer mental health 
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in teens due to displacing sleep,” which is a “direct relationship between social media use and teen 

well-being (META3047MDL-003-00089142). The following shows a decision grid for balancing 

safety measures and ecosystem metrics: 

   

 
(META3047MDL-035-00001018). It shows that even if a proposed product solution had a positive 

effect on well-being, if there was a negative effect on ecosystem metrics, Meta would not 

necessarily implement it. This is especially concerning given an Instagram Well-Being Strategy 

document from 2018 showed their “model for how social media usage may be linked to 

suicide/self-harm”: 
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(META3047MDL-037-00068917). 

362. Additionally, Facebook and Instagram allows users to interact with others’ posts 

through “likes” and “comments” and by following other users. The number of interactions a post 

receives (e.g., “like counts”) and the number of followers an account has, are all available to the 

public. This gamification of the platform can, and does, lead children and youth to obsess over 

their like counts, followers’ counts and other figures’ and can lead to social anxiety loops when 

they do not receive the validation they are hoping for.  

363. Again, Meta refers to this phenomenon driving use by children and youth. For 

example, the “What Makes Teens Tick?” document referenced above states: “[a]pproval and 

acceptance are huge rewards for teens and interactions are the currency on IG. DMs, notifications, 

comments, follows, likes etc. encourage teens to continue engaging and keep coming back to the 

app” (META3047MDL-003-00191207). 

364. Meta documents that these features cause mental health issues, particularly among 

adolescents. In a document titled “Likes and Social Comparison on Instagram,” Meta researchers 

discuss how “seeing more posts with high like counts . . . is associated with feeling worse” 

(META3047MDL-038-00000234). Meta notes that Instagram’s “News Feed ranking may also 

make this worse by prioritizing high-feedback posts” (META3047MDL-020-00588060). 

According to Meta, “On average, a person will receive about 5% as many Likes on their own posts 

as they see in their feeds” (META3047MDL-038-00000234). This leads to “more negative and 

less positive social comparison” (META3047MDL-038-00000234). Meta describes negative 

social comparison as a “significant problem” on Instagram, with the highest level of impact on 

teen girls (META3047MDL-020-00693093). As Alex Dow, Meta’s Research Scientist Director, 

stated: “I think that negative social comparison is endemic to our products. . . . [I]t is a specific 

and concrete way in which our products are negative for their lives” (META3047MDL-020-

00216374). 

365. A number of Meta executives, including Dow (META3047MDL-003-00117852), 

recommended internally that like counts be hidden from the public to reduce these negative effects. 

Vishnavi Jayakumar, Instagram’s former Head of Safety & Wellbeing, testified that Meta 

researchers “put together a really compelling package of information based on their interviews and 

user research suggesting that -- I'm sorry -- suggesting that likes might be one way in which we 

could target the issue of negative social comparison” (Jayakumar Dep. at 166). Similarly, Jennifer 
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Guadagno, Meta’s Director of UX Research, told colleagues that “[r]emoving like counts is one 

of, if the [sic] THE, most significant levers FB has to reduce social comparison” 

(META3047MDL-003-00154846). Despite these recommendations, Meta continues to make like 

counts publicly available. 

366. Since 2019, Instagram has allowed people to alter photos using third-party 

augmented reality effects, which include so-called “cosmetic surgery filters” intended to improve 

the person’s appearance (META3047MDL-050-00003832; see also Guadagno Dep. at 93-94). 

From the start, experts—including “psychologists, researchers, body image activists, and AR 

professionals”—were highly critical of these features (META3047MDL-040-00337135). 

According to Meta’s internal documents, a “large majority” of experts “recommended prohibiting 

these filters,” explaining that “[t]hese extreme beauty effects can have severe impacts on both the 

individuals using the effects and those viewing the image (META3047MDL-040-00337135). The 

experts noted that “Children are particularly vulnerable,” though “many others are vulnerable as 

well: those with a history of mental health challenges, eating disorders, etc.” (META3047MDL-

040-00337135; see also Stewart Dep at 46-47). 

367. Meta later conducted its own studies and concluded: “The altering of selfies appears 

to be connected with negative impacts on both the person posting it, and those viewing it in terms 

of mental health, body dissatisfaction, and eating disorder behaviors” (META3047MDL-020-

00609932). Notably, Meta found that “younger users . . . are the biggest demographic using our 

Spark effects” (META3047MDL-020-00609932). Meta’s former head of policy, Karina Newton, 

explained:  “As you know, these Spark filters primarily live on IG [Instagram] right now and are 

overwhelmingly used by teen girls” (META3047MDL-003-00178117). She goes on to say 

“[W]e’re talking about actively encouraging young girls into body dysmorphia and enabling self-

view of an idealized face (and very western definition of that face by the way) that can result in 

serious issues” (META3047MDL-003-00178117). 

368. In response to public outcry, Meta temporarily banned cosmetic surgery filters in 

October of 2019, but the ban was short-lived; in May of 2020, Meta lifted the ban, citing concerns 

about potential “negative growth impact” (META3047MDL-050-00003832; see also 

META3047MDL-003-00179247; META3047MDL-003-00179481). 

369. In addition to the effects described above, Meta’s own research documents how 

these and other features of its platforms can contribute to anxiety, depression, sleep deprivation 
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and eating disorders among teens. For example, a document titled “Teen Mental Health Deep 

Dive” describes the results of surveys conducted by Meta on Instagram users. The document notes 

that Teens consistently “openly attribute their increased level of anxiety and depression to 

Instagram,” a reaction that was “unprompted and consistent across all groups” (META3047MDL-

003-00109173). It further explains that “The proliferation of new and different ways to compare 

themselves to others, combined with constant access [] means that there is no way to escape social 

comparison on IG [Instagram],” which is “the number one reason why IG [Instagram] is worse 

than other platforms for mental health” (META3047MDL-003-00109173).  “Teens who struggle 

with mental health” said that “Instagram makes it worse” (META3047MDL-003-00109173).   

370. This survey highlights the insidious cycle of SMU and PSMU, which can create a 

social comparison negative feedback loop. When young people use Instagram, they compare 

themselves to others, growing their self-doubt, in return this doubt increases the attention teens 

give to comparison, leading to an over focus on the negative parts of their lives, and ultimately 

leading to a “low or vulnerable state” (META3047MDL-003-00109173). This social comparison 

spiral can lead to negative downstream effects like insecurities around body image or weight, 

increased pressure on perfection, and anxiety (META3047MDL-003-00109173).  

 
(META3047MDL-003-00109173).  
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371. Meta’s documents also note that “there is substantial evidence to suggest that 

Instagram and Facebook use can increase body dissatisfaction” (META3047MDL-037-00007066) 

and that “downward spiral[s] [] exacerbated by our platform” can lead to eating disorders, body 

dysmorphia and body dissatisfaction (META3047MDL-003-00001846).  

372. Meta also studied addiction and mental health topics internally. In 2018, Facebook 

conducted a survey of 20,000 US Facebook users to measure perceptions of problematic use. 

(META3047MDL-039-00000058). In this study Meta defined problematic social media use as 

having both “serious problems with sleep, work or relationships that they attribute to Facebook 

AND concerns or preoccupations about how they use Facebook” (META3047MDL-039-

00000058). Under this PSMU definition, in this self-reported survey, Meta found 3.1% of 

Facebook users in the US experience PSMU (META3047MDL-039-00000058). When Meta 

proposed an alternative definition for PSMU, “Spending a lot more time on Facebook than they 

want to,” 14% of users reported being affected by PSMU (META3047MDL-039-00000058). 11% 

of Facebook users self-reported negative life impacts from platform use including serious 

problems with sleep, work performance, and relationships (META3047MDL-039-00000058). 

This 2018 study also shows that PSMU was highest in teens and young adults (META3047MDL-

039-00000058). Meta would later describe the 3.1% of Facebook users who experience 

problematic use to be severe cases, and that 55% of Facebook users experience mild problematic 

use (META3047MDL-003-00086233).  

373. Meta’s 2018 review of suicide and self-injury (SSI) data on Instagram demonstrated 

over five million daily active users were exposed to SSI admission or promotion materials on 

Instagram in October 2018 (META3047MDL-143-00000002). Teens were disproportionately 

exposed to SSI content (META3047MDL-143-00000002). Teens were 18% of the Instagram daily 

active user (DAU) population but made up the vast majority (45-60%) of those who admitted and 

promoted self-harm and suicide videos (META3047MDL-143-00000002). Increased use of the 

platform was also associated with producing SSI material, with those who posted SSI promotion 

or admission material using the platform three times more than the average user 

(META3047MDL-143-00000002).  

374. In 2019, Meta conducted a deprivation study on Facebook and found that stopping 

Facebook use for even a week led to increased wellbeing amongst those surveyed. Individuals in 
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the experiment group who stopped using Facebook reported lower feelings of depression, anxiety 

and social comparison when compared to the control group (META3047MDL-047-00058006). 

375. The findings from the Facebook deprivation study track other internal Meta 

literature reviewed by the foundational wellbeing research team in the Well-being Research 10,000 

Foot View (META3047MDL-003-00144417).  While positive impact was noted, this report 

showed that Facebook had an overall negative effect on wellbeing (META3047MDL-003-

00144417). Negative impact on wellbeing is especially prevalent where Facebook displaces sleep, 

in person interaction, and other activities associated with positive wellbeing (META3047MDL-

003-00144417). Wellbeing was found to be lower while using Facebook when compared to other 

digital activities like watching TV (META3047MDL-003-00144417). Facebook use also had a 

negative effect on the wellbeing of teens (META3047MDL-003-00144417). Meta stated that 

“[n]ighttime social media use is associated with poorer mental health in teens due to displacing 

sleep; this is the most direct relationship between social media use and teen well-being” 

(META3047MDL-003-00144417, internal citation omitted) 

376. Meta studied the negative experiences that users encountered on Instagram in 2019. 

The goal of this survey was to “get a current snapshot of people’s perception of negative 

experiences on Instagram and identify top problem areas” (META3047MDL-059-00000216). 

NETS surveyed active Instagram users about whether they had experienced certain harms within 

the last 7 days. 23% of Instagram users had seen nudity or sexual content they felt did not belong 

on Instagram, 21% of Instagram users saw violent content they felt did not belong on Instagram, 

19% of users saw something on Instagram that made them feel a child was unsafe, 18% saw 

someone on Instagram promoting eating disorders or unhealthy weight loss, and 12% of users saw 

someone who they worried might hurt themselves or commit suicide (META3047MDL-059-

00000216). For every category except eating disorder, material which remained stable between 

age groups, children and adolescents had these negative experiences more often than adults.  

377. In 2021, Meta conducted the Bad Experiences and Encounters Framework Survey 

(BEEF). This largescale survey showed the expansive reach of platform harm. For example, in the 

seven days before the survey measure was taken, 19% of all users and 21% of users aged 13-15 

reported experiencing negative social comparison (META3047MDL-004-00015029). 16.3% of 

users saw nudity or sexual material on Instagram, and that number increased among the youngest 

users aged 13-15 among whom 19.2% saw nudity (META3047MDL-004-00015029). 12.8 percent 
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of Instagram users saw violent content, but among 16–17-year-old users that number jumps to 

14.3% (META3047MDL-004-00015029). 11.9% of Instagram users experienced unwanted 

advances in the last 7 days, which are defined as “unwanted sexual advances,” among teens ages 

13-15 this number rose to 13%, and among teens ages 16-17 14.1% experienced an unwanted 

sexual advance (META3047MDL-004-00015029).  

378.  The Beef Survey also found that younger users experienced harm at a higher rate 

than older Instagram users across the majority of the issues studied, including the serious issue of 

self-harm; 6.7% of Instagram users saw suicide or self-harm material compared to 8.4% of users 

ages 13-15 (META3047MDL-004-00015029). These harms occurred as many as ten times a week 

in a significant portion of the population studied (META3047MDL-004-00015029). Additionally, 

the survey results found that the vast majority of these bad experiences involved interactions with 

strangers that the teen did not know in real life (META3047MDL-004-00015029). When this data 

is extrapolated to the entirety of the Instagram population it shows that millions of users are having 

harmful experiences that will negatively affect their mental health. 

 
(META3047MDL-004-00015029). 
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6.1.3. AGE VERIFICATION 

379.  Meta does not have an effective age gating system. At founding, Facebook was 

designed for and used by college students, and a college or university .edu address was required 

for sign up (Associated Press, Timeline: key dates in Facebook’s 10-year history (February 4, 

2014) https://phys.org/news/2014-02-timeline-key-dates-facebook-year.html). In 2006, almost 

two years after the app’s launch Facebook allowed any self-proclaimed 13-year-old with a valid 

email address to join (Jon Loomer, Detailed History of Facebook Changes 2004-12 (May 6, 2012) 

https://www.jonloomer.com/history-of-facebook-changes/). From launch, Facebook required 

users to enter their age to join, but this version of age verification was fairly easy to trick (Bejar 

Dep. at 187). While Facebook asked for a user’s age from its launch in 2004, Instagram did not 

ask users for their age until December 4, 2019, 7 years after the app was acquired by Meta 

(Rothschild Ex. 4; Rothschild Dep. at 76-77). In 2019 Meta executives testified in front of the UK 

Digital, Culture, Media and Sport committee that they did not know the age of their users on 

Instagram (META3047MDL-003-00176638). Despite this, Meta documents show that not only 

were some under 13-year-olds using their platform but that “[t]eens typically join Instagram when 

they are in middle school at age 11-12…” (META3047MDL-031-00086272). 

380. Even when users’ age was requested, no proof was required, so users could 

misrepresent their age (Rothschild Dep. at 80-81). The same was true for Facebook 

(META3047MDL-031-00004338). Meta’s internal documents show that its efforts to detect and 

remove users under 13 were inadequate. As of July 2020, Meta documents revealed that they 

lacked a classifier thus there was in no way to detect and remove under 13 users “at scale” and that 

its age gating relied on “stated age or weak age models” (MT-IG-NM-000180934 – also shown in 

the PowerPoint slide from that exhibit below).  
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Stated age means the age a user reports and is only as good as the veracity of the user. Documents 

show as many as half of teens misrepresent their age a fact well known to the Defendants 

(META3047MDL-014-00335618; META3047MDL-014-00291926).  

381. Not only was the age verification system weak (META3047MDL-034-00137594), 

but internal documents show that even for those identified as being under 13, Meta was not 

removing them. A 2020 document shows that Meta “deprioritized enforcing against U13s” 

(META3047MDL-034-00027362). Meta acknowledged as much admitting to an enforcement 

backlog of 700 thousand under 13 users (MT-IG-AG-NM-000180934). A recommendation was 

made at this time for “leadership support to push product to act on knowledge we already have, 

i.e. clear our backlogs, disable verified u13s, build an u18 checkpoint to review minors who have 

been reported on 18+ products like FB Dating” (META3047MDL-014-00055179). However, as 

of March 2021, Meta had not started work on creating an under 18+ checkpoint (META3047MDL-

031-00004338) and as of June 2021, the backlog of under 13 users was up to 2 million 

(META3047MDL-034-00056779; Rothschild Dep. at 138-42).  

382. Around the same time, Meta proposed the launch of “Instagram Kids” (or Instagram 

Youth), a platform aimed at tweens (defined by Meta as age 10-12) (see META3047MDL-014-
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00291926), further underscoring Meta’s efforts to cultivate user dependency from an early age. As 

of December 17, 2024, Instagram was still working through teen modeling (Kilstein Dep. at 301). 

6.2. SNAPCHAT 

6.2.1. OVERVIEW 

383.  Snapchat started as a photo sharing application. It became popular in part because 

of its novel “ephermerality” feature - photos disappeared from the recipient’s phone after a few 

seconds (SNAP2097141; SNAP0758611). Later Snap introduced several additional features, such 

as picture and video broadcasts (“Stories”), ephemeral text-based messaging, and its infinite feed 

(“Discover” and “Spotlight”). The product went from a simple messaging and photo-sharing 

application to a paradigmatic social media platform (SNAP3748749). 

384. Snapchat’s mass appeal to adolescents and teenagers fueled its meteoric success. 

Snapchat users skew younger – middle school to college students (SNAP2097141). Snapchat has 

long acknowledged the impact of younger users, proclaiming that it was “thrilled to hear that most 

of” its users “were high school students who were using Snapchat as a new way to pass notes in 

class” (Snap, Inc., Let’s chat., Snap Newsroom (May 10, 2012), https://newsroom.snap.com/lets-

chat). Snap’s server data at the time indicated that the app was most used during the school day 

and less on the weekend (Snap, Inc., Let’s chat., Snap Newsroom (May 10, 2012), 

https://newsroom.snap.com/lets-chat). By 2014, Snap “absolutely own[ed]” the youth 

demographic – with internal estimates indicating it had achieved 84% market penetration among 

users aged 10 to 24 (SNAP2324207). Snap’s early dominance of the youth market caused investors 

to value the company at $10 billion that same year, just three years after the platform had launched. 

(SNAP0865799). Snap’s overwhelming popularity among teens helped propel the company to a 

$25 billion valuation at the time of its IPO in 2017 (SNAP0865799). Snapchat has consistently 

attracted a larger percentage of teen users than its competitors, with tens of millions of daily active 

teen users today (SNAP0849935; SNAP1269797). 

385.  Snapchat attracts younger users with its bright and cartoonish design. Users present 

themselves on the platform by Bitmojis, which are cartoon avatars (Snap, What is a Bitmoji, 

https://help.snapchat.com/hc/en-us/articles/7012342198676-What-is-a-Bitmoji). You can share 

your Bitmoji in Chat through stickers, it represents you on Snap Map, and as their icon within 
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Snapchat. Snap describes Bitmoji as one of Snapchat’s biggest differentiators, and a feature that is 

much harder to copy than others (SNAP2104677).  

386. Bitmoji users build a bond through configuring and using their avatar which 

increases the switching cost to other Avatars (SNAP2104677). Bitmoji enhances messaging 

beyond ways that emojis, stickers and gifs are capable (SNAP2104677). By using a unique 

Bitmoji, “communication becomes truly personal” (SNAP2104677). This bond drives sustained 

engagement and growth (SNAP2104677). Snap acknowledges that Bitmoji uniquely resonates 

with teens (SNAP0215278). Bitmoji partners with fashion and other brands to create skins for your 

Bitmoji that a user can purchase in-app (SNAP0665001). A user can create a Bitmoji that looks 

like them or not. 

6.2.2. SNAPCHAT FEATURES INCREASE ENGAGEMENT AND LEAD TO HARMS 

387. Snapchat has five tabs or surfaces on its platform: Camera, Chat, Snap Map, 

Stories/Discover, and Spotlight. Each tab is designed to maximize user engagement and retention.  

388. Users are initially taken to the Camera. Photos or videos can share with others with 

other Snap users. This section of the app also contains a lens carousel, an endless array of lenses 

(also referred to as filters), which a user can apply to a photo to create augmented reality effects 

(SNAP2812798). These lenses are algorithmically ranked to provide contextualized and 

personalized recommendations to users (SNAP0464752; SNAP0506749). Certain lenses appear 

only for a limited time, driving engagement and a sense of urgency (SNAP1018774; Brody Dep. 

Ex. 5).  

389. Lenses drive Snapchat engagement and are a key feature to its platform 

(SNAP0506749). Lenses are also known to cause negative impacts on users, including teenagers, 

especially the beautification Lenses (Brody Dep. at 187, 194, 219 (rough); SNAP0525938; 

SNAP0933724). Users have reported mental health harms and developed “Snapchat dysmorphia” 

(Brody Dep. at 187, 194, 219 (rough); SNAP0078233; SNAP0525938; SNAP0933724; 

SNAP0525939). Top Snap personnel approved of beauty lenses that would amplify big lips and 

change nose size and other facial features and allowed lenses that would “sexualize” the user 

(SNAP2157395).  

390. Once a Snap is taken, a user is able to save the photo or video in their Memories 

(SNAP1847822). There is also a private, password-protected feature called “My Eyes Only” 

(SNAP0029949). Although Snap is aware its “My Eyes Only” feature is used to share and save 
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inappropriate images, including nude images, Snap has not restricted the feature by age or provided 

parental controls (Oshuntula Dep. Ex. 8; Oshuntula Dep. at 136 & 139).  

391. After receiving a Snap, users are prompted to send the Snap to another user or post 

it to “My Story”. If a user sends the Snap to a specific friend, they are transferred to the Chat 

portion of the app. Within the Chat tab, users can share Snaps or Chats that disappear after a certain 

period of time or upon viewing (Snapchat.com, https://help.snapchat.com/hc/en-

us/articles/7012334940948-When-does-Snapchat-delete-Snaps-

andChats#:~:text=Chats%20With%20Friends%20%F0%9F%92%AC&text 

=Chats%20in%20Group%20Chats%20are,everyone%20has%20viewed%20the%20Chat). Chats 

disappear either immediately after being viewed or after a pre-set amount of time unless the user 

proactively saves it. This creates an urgency to quickly view, respond, and/or save communication 

(whether chats or Snaps) (Snapchat.com, https://help.snapchat.com/hc/en-

us/articles/7012334940948-When-does-Snapchat-delete-Snaps-and-

Chats#:~:text=Chats%20With%20Friends%20%F0%9F%92%AC&text=Chats%20in%20Group

%20Chats%20are,everyone%20has%20viewed%20the%20Chat).  

392. If a user decides to send their Snap to the Stories feature, they can choose between 

a Private group story and Main stories. Snap recognizes users report that they treat these two 

categories of stories differently (SNAP3117707). Posting to Main story is where users are “posting 

things they wouldn’t mind their parents or strangers to see” (SNAP3117707). It is where a user 

“captures that signal prestige or status, social affiliation, etc.” (SNAP3117707). On the other hand, 

posting to Private group story is generally used to connect with others in precise but indirect ways. 

Snap reports Private stories are used for flirting, ice “cracking”, and exclusivity (SNAP3117707). 

Being added to a Private group story is like being “selected” (SNAP3117707). The Story feature 

is ephemeral and Stories expire after 24 hours. This ephemeral nature requires users to develop a 

daily habit of checking their Snap app (SNAP1342034). Given the ephemeral nature of Snaps, 

Stories, and other experiences on Snapchat, users are at constant risk of missing moments they 

would have otherwise enjoyed. Pivoting off this “FOMO,” Snap crafts notification campaigns and 

features to encourage engagement (SNAP0886473).  

393. According to Snap, “push notifications are a powerful lever for growth and 

engagement on Snapchat” (SNAP5147058). In 2022, 28 billion notifications drove about 1.6 

billion Snapchat opens each day (SNAP5147058). About 26 million incremental daily active users 
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are driven to open the app via growth notification pushes (SNAP5147058). Snap claims 

notifications provide an opportunity to reach users when they are outside the app (SNAP5147058). 

It is a feature that beckons a user back to the app (Osborne Dep. at 136-138). Snap is aware that 

notifications can affect mental health and cause addictive behavior (SNAP4723815; Osborne Dep. 

at 136-138). Snapchat sends users notifications all day. Notifications are pushed to users while at 

school (Sellis Dep. at 226-231). Snapchat implemented quiet hours for notifications but rolled 

them back from 12-7am to 3-6am to increase daily active user growth (SNAP4712437).  

394. Snapchat measures the success of a notification by tracking the “notification open 

rate” (Tran Dep. at 26-31). When a user opens Snapchat due to a notification signal, it is seen as a 

positive incremental daily active user metric (Tran Dep. at 23-31). Users are sent notifications 

when they receive a Snap, when they have been added as a “friend”, if they subscribe to certain 

stories or opt in to “friend” story notifications (Sellis Dep. at 226-231). A user can also receive 

community notifications, notifications about how a Snap or Story is doing, if a contact joins Snap, 

and more (Sellis Dep. 226-231). There is no maximum cap on the amount of notifications Snapchat 

will send a user in a given day (Tran. Dep. at 39-46).  

395. After a user views all their personal Stories from the Chat tab feed and reaches the 

end of the available Main and Private stories, instead of exiting playback, they continue to auto-

advance into Discover (SNAP2266855; SNAP5066299). Discover is Snapchat’s general content 

section (SNAP4222809; https://newsroom.snap.com/introducing-discover). It is comprised of user 

generated material and partnership creators, including media partners, influencers, advertisers, 

entertainment companies and news outlets (SNAP4222809; 

https://newsroom.snap.com/introducing-discover). This auto-advance from Friends’ stories to user 

generated materials occurs even though numerous users report that they wish to opt out of it. They 

report it to be irritating, feeling like they’re “getting sucked into discover” and describe it as 

“mentally destroying” (SNAP0307144). 

396. In addition to auto-advancing users from Stories to Discover, Snapchat implements 

an endless scrolling design which Snap employees have called addictive (SNAP1393050). Content 

is ranked using an algorithmic sampling model that provides the most relevant content and reduces 

barriers to consumption (SNAP6116693). The goal is to provide “the right content to the right 

people at the right time, leveraging as many signals as we can from users and internal curators” 
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(SNAP6116693). This auto-advance feature and the algorithm curation encourages users to spend 

as much time as possible on the platform.  

397. Spotlight was introduced in 2020 by Snap. The most notable feedback after its 

launch was its similarity to other popular social media sites with vertical short video feeds, notably 

TikTok and Instagram Reels (SNAP0188592). Similar to Discover, Spotlight offers an endless 

scroll that is algorithmically curated for each user (SNAP1393050). 

398. Spotlight acts as a popularity contest, where content is selected from submitted user 

generated content to be featured now or in the future (https://help.snapchat.com/hc/en-

us/articles/7012288096532-How-do-I-submit-Snaps-to-Spotlight). Snapchat states that Spotlight 

contains elements of other social media and states that public comments are “very harmful to 

Snapchatters” (SNAP0735040). When launched, Spotlight did not contain “likes” and 

“comments” features, claiming they corresponded with toxicity and bullying (SNAP3203243). 

However, since 2021, Spotlight has permitted public comments, thus causing it to resemble Tik 

Tok even more (SNAP1560315; SNAP4681508; https://help.snapchat.com/hc/en-

us/articles/7012352337428-What-happens-when-I-comment-on-a-Spotlight-Snap). From its 

launch, Spotlight comments were designed to increase engagement and act as a way to give 

additional signals that would be helpful for user-level recommendations (SNAP1561260). 

Moreover, Spotlight contains a visible number of views, comments, shares, and reposts, which can 

effectively act as a similar metric, meaning that Spotlight embodies many of the social comparison 

metrics of other major social media platforms. 

399. To increase traffic and engagement with Spotlight, Snap designed the “Always On 

Badge” in 2023 (SNAP4227244). This visual signal is a red icon over the Spotlight icon to flag a 

user to that portion of the platform (SNAP4227244). The red icon only clears once the feature is 

selected by the user. The visual signal acts as a reminder to a Snapchat user every sixty minutes 

(SNAP4227244). This strategic change raised the daily active use of Spotlight from 53 million to 

71 million, a lift that was the single biggest lift of daily active use ever seen in an A/B test 

(SNAP4227244). 

400. The final tab of the Snapchat app is the Snap Map. Launched in 2017, Snap Map 

immediately raised concerns with parents (SNAP3764816). It allowed all users to upload publicly 

posted images on its searchable Snap Map (SNAP3764816). Location sharing on Snap Map is an 

opt-in feature. When a user opts-in, they share their exact location with the anyone they’ve added 
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as “Friends” (SNAP3764816). A 2024 user engagement survey of 13-17-year-olds showed that 

“Find My Friends” was one of the top used features in the Maps tab (SNAP3721368 at 53).  

401. When Snap Maps was first envisioned, “living vicariously” was embedded in its 

design (SNAP5468295). This living vicariously can lead some of Snapchat’s young users to feel 

anxiety over social comparison, and fear of missing out (SNAP1941838; SNAP0031906). Many 

teens state that location sharing via Snap Map can make them self-conscious and fear being stalked 

(SNAP1941838). It also raises concerns related to the safety of minors. Snapchat can show a user 

at their school, home, work, or any other location, unless they choose to opt out in “ghost mode” 

(SNAP0052732). Other teens report opening Snap Maps over twenty times a day and sharing their 

location to everyone, irrespective of concerns about the privacy implications (SNAP4836937; 

SNAP3800937).  

402. Snap’s features increase user engagement and time spent on Snapchat. To that end, 

Snap’s “North Star Metric” is a daily bi-directional communication. Over “85% of Snapchatters 

who talked to a friend today on Snapchat will open the app 7 out of the next 7 days” 

(SNAP4300951).  

403. Accordingly, Snap has gamified the Snapchat platform to reward users, especially 

teens, for opening Snapchat more often and engaging in more frequent bi-directional 

communication (Voss Dep. Rough Tr. at 253-254). Every Snap user is assigned a Snapscore, which 

increases as a user sends or receives Snaps. Teen Snapchat users often attempt to drive their score 

as high as possible because, as Snap understood, the Snapscore served as a “status symbol” 

(SNAP3386748). To that end, a “main driver” of “app engagement,” and the “primary driver” of 

teen Snapchat usage is a feature called Streaks. Snap’s own research found they were used to drive 

up Snapscores (SNAP3151495; SNAP1806711; SNAP2345620; SNAP7148843). Streaks act as a 

reward for users who have exchanged Snaps, back and forth, for at least three consecutive days 

with a unique emoji that includes the number of days that they have kept the streak alive 

(SNAP6118582; SNAP2889335; SNAP4951751). 

404. Snap understands the Streaks feature is primarily used by teen users, and that 

“unlike older demos whose main motivation is staying connected with people they might not talk 

to everyday,” teens are motivated to maintain Streaks “by seeing the number go up” 

(SNAP3151495; SNAP6759368; SNAP6759344; SNAP3808780). Snap refers to this use of 
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Streaks as “unhealthy” and approximates that between 10-30% of users—approximately “60-

200M” users—fall into the “unhealthy streaks” category (SNAP3156939; SNAP3808780).  

405. Snap further understands that this type of “[g]amification has driven engagement 

and retention” because users with Streaks “[k]eep[] them coming back daily to Snapchat, even if 

they are not using it for keeping in touch with friends” (SNAP3386748). While users report that 

“Streaks make[] it impossible to unplug for even a day,” Snap regards this “Daily Habit Training” 

as one of the “Key Positive[s]” of the feature (SNAP6906160).  

406. According to Snap, Streak usage can be explained, in part, by the “Social Ping 

Theory,” by which children engage with Snapchat and maintain streaks for “network acceptance” 

and “internal proof” that they have friends who keep in touch with them each day (SNAP2894057). 

In this way, “users mainly use[] Streaks as a social status measure to increase” their “Snap Scores,” 

and therefore seek “as many Streaks as possible” (SNAP7148847).  

407. However, while Streaks are “so core to communication engagement” on Snapchat, 

Snap acknowledges that the feature—and especially the “Streak icon”— incentivizes “shallow 

gamified communication,” reinforces “toxic behavior,” and represents a “self-perpetuating, 

anxiety driven system” in which users engage in “compulsive behavioral pattern[s]” to maintain 

their Streaks (SNAP6110233; SNAP0892766; SNAP6145093). Through research, Snap has 

learned that “[m]any users feel they are ‘in too deep’ to get out of a Streak,” feel “social pressure” 

to maintain them, and personal relationships can be negatively affected by breaking streaks 

(SNAP0640337; SNAP0029949). For teens specifically, Streaks are used to “maintain social 

status,” and the bigger the streak becomes, the more stress it causes (SNAP2425355; 

SNAP3151495). The “hard dopamine loop” produced by Streaks coupled with a users’ fear of 

losing a Snapstreak can create a multitude of mental health harms including anxiety and thoughts 

of self-harm (SNAP0857671).  

408. Snap’s founder and CEO, Evan Spiegel, has acknowledged the harms that Streaks 

can cause, calling Streaks a “toxic behavior” and recommending at one point that the company 

should “kill streaks” because “it’s the right thing to do” (SNAP6110229; SNAP6110234; 

SNAP0886013; SNAP0884986). However, at present, the Streaks feature—and the numerical 

Streaks icon—still exist on Snapchat platform. 

409. Like Streaks, Snap Score is another numerical point system generated by Snapchat, 

which serves to “reward and incentivize users” who send or open Snaps, add friends, post a Story, 
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or maintain a Streak (SNAP5154720). Similar to Streaks, Snap Scores are commonly viewed as a 

form of social “validation,” with higher scores regarded as a “status symbol” (SNAP3386751). 

However, unlike the Streaks icon, which is typically only viewable by the users involved in the 

Streak, a users’ Snap Score is public. Thus, Snap acknowledges how “[e]ducating users” about 

Snap Score can have an “addictive” effect on that user that “encourage[s] them to produce and 

consume more snaps,” causing them to “ultimately become high-quality users” (SNAP6118652).  

410. Snapchat encourages users to add friends, which will provide more opportunities 

to send and receive Snaps and thus increase a user’s Snapscore. During the sign-up process, 

Snapchat encourages users to add others as “Friends” on the platform. Once called “Quick Add”, 

this feature, now rebranded as “Find Friends,” suggests users to follow as “friends” 

(https://help.snapchat.com/hc/en-us/articles/34691800487316-What-happened-to-Quick-Add). 

Suggesting “friends” is vital to Snapchat, due in part to retention rates (SNAP6650275). New users 

with bi-directional communication have 35% higher retention in week two and new users with 

friend story view have 30% higher retention rates in week two (SNAP6650275). Snapchat feeds 

users “friend” suggestions during sign-up, and while using multiple parts of its platform 

(SNAP7302141). Friends are suggested to users through friend-of-friend or contact-of-contact 

algorithms that frequently connect users to strangers (SNAP5471363; SNAP6650275). As the 

feature evolved, underage users were given additional restrictions, increasing a mutual “friend” 

count from two to three before Snapchat suggests them a user (SNAP6496157).  

411. Another way that Snap has gamified its platform is through the use of Trophies, 

which served as rewards for users’ “engagement” with the Snapchat platform” (SNAP4954018). 

For example, Snap provided trophies when users engaged with certain filters, reached Snap Score 

milestones, sent certain amounts of chats, or watched defined amounts of videos on Discover or 

Spotlight (SNAP4954018). The condition for unlocking each Trophy is not public knowledge, but 

they are meant to “provide positive feedback for using the app and finding new ways to use 

features” (SNAP4954018). Although Snapchat no longer provides trophies, trophies served a 

significant role until they were deprecated in approximately 2020. 

6.2.3. AGE VERIFICATION 

412. Snap has no age verification and does not verify users’ ages (SNAP0316064; 

SNAP6114428). Instead, Snap has “age gating” which requires users to enter their birthday when 

creating an account (Chan Dep. at 82). Snap does not take any action to verify or confirm the 
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accuracy of its users' self-reported ages at account signup (Boyle 30(b)(6) Dep. at 86). And Snap 

did not require users to enter age when creating account prior to June 2013 (SNAP1234598; Boyle 

30(b)(6) Dep. at 144). 

413. Like other social media platforms, Snap is aware that users lie about their age when 

creating accounts (SNAP6114428; SNAP1234598; Boyle 30(b)(6) Dep. at 116). Snap does not ask 

for parental consent (Boyle 30(b)(6) Dep. at 104). The team responsible for account creation and 

age gating—Snap’s Activation team—describes its mission as helping “Snapchatters get into [the] 

app as seamlessly and as quickly as possible” (SNAP3242221). Snap’ prioritizes “reducing as 

much friction as possible for Snapchatters to create an account” (SNAP2247951).  

414. When a user signs up for Snapchat in the United States, they are provided a sign-

up page with information that defaults the user’s age to 18 (Boyle 30(b)(6) Dep. at 107; 

SNAP2268193). Snap knows that the default age makes it easier for minors to lie about their age 

(SNAP6398196; SNAP4571055). In February 2023, Ofcom, a British regulatory agency, 

expressed concern over Snap’s default age in account creation (Chan Dep. at 153). Ofcom’s 

research found that “one of the key risk factors was that children were bypassing age assurance 

measures in social media apps or sites” (Chan Dep. at 155, Chan Dep. Ex. 12). It also showed that 

“[f]or children aged 8 to 12 who used social media the proportions with their own profile were; 

eight in ten among Snapchat users” (Chan Dep. at 156). When users lie about their age when 

creating accounts, some of Snap’s safety features would not apply to those users (Boyle 30(b)(6) 

Dep. at 113).  

415. If a user initially enters a birthday under the age of 13, Snap allows the user to 

immediately re-enter a different birthday indicating they are over 13 (Chan Dep. at 216–223; Boyle 

30(b)(6) Dep. at 162). Snap knows this allows underage users to create accounts (Boyle 30(b)(6) 

Dep. Ex. 6; Boyle 30(b)(6) Dep. at 165). Although Snap considered implementing a cooldown 

period to limit this practice in 2018 and 2021, it ultimately chose not to do so (SNAP5708527; 

SNAP5490201; Boyle 30(b)(6) Dep. at 179; Chan Dep. at 215-224).  

416. Snap has never conducted an audit on whether the account creation process allows 

underage users to access the platform (Chan Dep. at 95). Snap does not track, audit or otherwise 

monitor whether reported ages on its platform are accurate (Chan Dep. at 251; Boyle 30(b)(6) at 

117). 
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417. In 2016, Snap developed an age model for ad targeting in the Age Inference Model, 

which buckets users in 13-17, 18-20, 21-24, 25-24, and 35 plus (Boyle 30(b)(6) Dep. at 278; 

SNAP4648461; SNAP6892817). For ad targeting purposes, Snap will override a user’s reported 

age if it is highly confident that the reported age is incorrect (SNAP4648461). Forty percent of 

users have untrusted dates of birth (SNAP4648461). Until November 2024, Snap’s age inference 

model was owned by the monetization team (SNAP6892817).  

418. In November 2023 Snap developed an age estimation model to predict whether a 

user is under 18 using High School community data (SNAP6058205; SNAP3086647; 

SNAP7125560). It has 97% accuracy and was able to predict 78% of highschoolers who 

represented they were over the age of 18 (SNAP6058205; SNAP3086647; SNAP7125560). Snap 

uses the model for analytics only and does not use it for safety purposes or to proactively remove 

underage accounts (SNAP6058205; SNAP3086647; SNAP7125560).  

419. Snap recognizes there are likely millions of users under the age of 13 on Snapchat 

(SNAP0227658; SNAP1270459). Prior to April 2023, when Snap’s content moderator detected 

content featuring a self-recorded minor declaring themselves to be under the age of 13 on Spotlight, 

Snap did not investigate the account but labeled the content as Invasion of Privacy and only 

downranked the content to not be visible on Spotlight (SNAP1047045; SNAP6114487; 

SNAP2822901; SNAP1942575; SNAP3664412). Snap's machine learning content moderation 

model for Spotlight can infer when a user is under 13 (SNAP5350932; SNAP5919460; Lue Dep. 

at 120). This model filters the content from being shown in Spotlight but does not investigate the 

account (SNAP5350932; SNAP5919460; SNAP0788746). In December 2021, Snap had roughly 

43,275,166 users listed as under 13 (SNAP7292616).  

420. In November 2024, Snap developed text matching for public profiles' bios if a user 

self-declares themselves to be under 13 (Boyle 30(b)(6) Dep. at 78 & 85). Prior to the public profile 

text scan, Snap’s only method of investigating users who are under 13 is by user reports (Boyle 

30(b)(6) Dep. at 85 & 88). Snap does not allow users to report under-13 accounts in-app; this 

reporting reason is only available on Snap’s support website (Boyle 30(b)(6) Dep. at 249-261).  
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6.3. TIKTOK 

6.3.1. OVERVIEW 

421. TikTok has millions of young users, and these children and teens spend far more 

time on the platform than adults. According to internal research using TikTok’s self-reported ages, 

TikTok’s 69.5 million daily active users under 18 spend an average of 106 minutes a day on 

TikTok, and users in the 90th percentile spend an average of 242 minutes a day on TikTok 

(TIKTOK3047MDL-002-00098058). On average, teens spend 25% more time on TikTok than 

adults, and teens under 15 consume more Tiktok videos per day and are far more likely to like and 

share videos than adults. (TIKTOK3047MDL-002-00098058; TIKTOK3047MDL-047-LARK-

00510814; TIKTOK3047MDL-004-00290586).   

422. TikTok’s young userbase is not surprising. In 2017, TikTok purchased a social 

media app known as Musical.ly. Musical.ly was designed for users to post short videos and was 

especially popular with pre-teen girls. Online marketing expert Gary Vaynerchuck described 

Musical.ly as the “youngest social network ever seen,” with users in the first, second and third 

grades (Chris Stokel-Walker, TikTok Boom: China’s Dynamite App and the Superpower Race for 

Social Media (p. 160), Canbury Press (2021)). In 2018, TikTok merged its own app with 

Musical.ly, resulting in all of Musical.ly’s young users automatically becoming TikTok users when 

they updated the Musical.ly app on their phone. This included sixth and seventh graders (Kirchhoff 

Dep. at 73-75). According to a Product Manager at TikTok, the user base TikTok purchased when 

it bought Musical.ly was mostly young girls, aged 7 to 12 (Kirchhoff Dep. at 65-66, 106-107; see 

also TIKTOK3047MDL-111-LARK-05914410 (“Over half of the interviewees mentioned that 

their younger sisters or brothers or cousins used Musical.ly. Those users were all under 13”)).  

423. In 2020, TikTok reported internally that L2 users (TikTok’s moniker for users 15-

17) were “growing strongly” and “the high school clusters are getting more and more mainstream” 

(TIKTOK3047MDL-236-04863474).  At this point, TikTok documents indicate it was getting 

“saturated” with “L12 females” (TikTok’s moniker for girls 14 and under and 15 to 17), and it 

started also trying to attract more male and older users (TIKTOK3047MDL-236-04863474). By 

2022, TikTok reported internally that it had achieved market penetration of 70% among U.S. 16- 

to 17-year-olds and 91% among all users under 18 (TIKTOK3047MDL-115-04478441). While the 

percentage of young users that made up TikTok’s userbase fluctuated, millions of children and 

teenagers used the app, many of whom were under 13 (TIKTOK3047MDL-042-LARK-00237491 
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(reporting that approximately 4.76 million TikTok users in the United States were under 13/14 

years old); TIKTOK3047MDL-038-LARK-00192063 (“10% of users are underage”)).  

6.3.2. TIKTOK FEATURES INCREASE ENGAGEMENT AND LEAD TO HARMS 

424. TikTok’s platform was designed to captivate users and keep their attention for as 

long as possible (TIKTOK3047MDL-024-LARK-00040453) (“The main goal of tiktok rec-sys is 

to improve user’s retention and stayduration”). TikTok designed its platform to facilitate habitual 

or excessive use. TikTok’s features had the “ability to get people into flow – the psychological 

state of extreme engagement, loss of sense of time and even loss of self” and users’ “anticipation 

of reward” and “the variability of rewards” (which is what makes the app so addictive)” 

(TIKTOK3047MDL-080-LARK-02692385 (emphasis added)). TikTok’s addictive properties 

were viewed as a business advantage; in communicating with its advertisers, TikTok stressed that 

people typically spent longer on TikTok per session than its competitors (TIKTOK3047MDL-004-

00314472).  

425. TikTok introduced the most powerful social media algorithm to date, optimized for 

engagement (TIKTOK3047MDL-002-00119724). TikTok focuses its algorithm “mostly on user 

interactions,” so the algorithm usually “has no idea what type of content it is recommending to 

users” (TIKTOK3047MDL-004-00310982). This content-agnostic algorithm driven only by 

engagement is harmful to children. For example, Tik-Tok’s Minor Safety team noted in 2020 that 

“Social Media is inherently dangerous and all minors are at risk when they engage on the platform” 

(TIKTOK3047MDL-004-00144753). The algorithm is so powerful that, for a time, its known 

addictive nature became a problem for TikTok engagement as people were afraid to join the 

platform fearing addiction (TIKTOK3047MDL-002-00091634).  

426. Like the other platforms discussed in this report, TikTok sends push notifications 

to its users. Push notifications go directly to the phone of a user even when they are not using, or 

seeking to use, the app. TikTok has several types of notifications  (TIKTOK3047MDL-004-

00291835). TikTok admits the purpose of these notifications is to “activate users to return to the 

app,” “encourage video view and creation,” and “encourage users to keep posting” 

(TIKTOK3047MDL-004-00291835).  

427. TikTok documents acknowledge significant evidence of harms resulting from its 

app. For example, one document provides, “Studies suggest that use of TikTok may cause mental 

health issues for minors, including addiction, depression, and body image issues” 
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(TIKTOK3047MDL-120-LARK-06165590). According to another, harms resulting from TikTok’s 

algorithm or product design include addiction, reduced attention span, and exacerbation of pre-

existing mental health conditions “such as depression, anxiety or body dysmorphia” 

(TIKTOK3047MDL-080-LARK-02552741). “Passive social media usage poses risks of addiction, 

emotional disturbance, and other negative consequences for all ages. While the risk is obviously 

higher when done in [ex]cess, even the ‘average’ amount can cause harm. Youth (U18s) users are 

particularly at risk because of their neurodevelopment” (TIKTOK3047MDL-087-LARK-

03239203). TikTok’s minor safety policy annual review stated, “Social Media is inherently 

dangerous and all minors are at risk when they engage on the platform” (TIKTOK3047MDL-004-

00144753).  

428. TikTok documents acknowledge that PSMU could interfere with children’s sleep 

and school, as well as “lead to mental health risks” and “loss of analytical skills, memory 

formation, contextual thinking, conversational depth, empathy, and increased anxiety” 

(TIKTOK3047MDL-014-00330672; TIKTOK3047MDL-004-00137151; TIKTOK3047MDL-

004-00144498) (prolonged time on social media poses as “inherent risk” of concentration issues)). 

According to one TikTok document, both “[s]creen time and social media use at night are 

associated with delayed and inadequate sleep,” which is associated with other mental health harms 

and that almost 1 in 5 teens 13-15 and 1 in 4 teens 15-17 used TikTok between midnight and 5am 

(TIKTOK3047MDL-002-00091798).  

429. Users told TikTok its app was addictive. In 2020, a high school student journalist 

wrote about her experience in an article circulated at TikTok and referred to internally as “Pretty 

spot on” (https:// nileswestnews.org/78920/west-word/what-my-rules-for-social-media-would-be-

if-i-was-a-gen-z-parent/; TIKTOK3047MDL-079-LARK-02076026). The teen described “how 

addictive the app tends to be” and how she “noticed the other day sitting at a stoplight, that I had 

a physical urge to scroll through TikTok, not just a mental one. I thought about the app, and my 

hand actually reached towards my phone, like a magnet” (https://nileswestnews.org/78920/west-

word/what-my-rules-for-social-media-would-be-if-i-was-a-gen-z-parent/). She continued “I’ve 

stopped to scroll through my For You page twice just while writing this article, and I can’t tell you 

the last time I fell asleep to something other than a video of some teens dancing on my For You 

Page. I know how addictive the app is, and I know that it decreases my productivity” 

(https://nileswestnews.org/78920/west-word/what-my-rules-for-social-media-would-be-if-i-was-
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a-gen-z-parent/). A Common Sense report circulated at TikTok stated “adolescent girls spend over 

two hours per day on TikTok and nearly half (45%) say they feel ‘addicted’ to the platform” 

(TIKTOK3047MDL-038-LARK-00191976).  

430. TikTok also collected significant amounts of external research on the connection 

between use of social media and mental health harms. For example, according to an annotated 

bibliography of research TikTok maintained, “[a]fter adjustment for confounders, a greater amount 

of time spent on social media was associated with an increased risk of self-harm and depression 

and lower levels of self-esteem” (TIKTOK3047MDL-062-01189492). Other studies in TikTok’s 

possession reported similar mental health risks (TIKTOK3047MDL-014-00330672 (“studies 

demonstrated a significant relationship between social media use and body image concerns and 

eating disorders, with social comparison as a potential contributing factor”); TIKTOK3047MDL-

060-01128772 (research linking social media use and ADHD); TIKTOK3047MDL-014-00330672 

(social media makes almost half of 13-17 year olds feel worse about their bodies); 

TIKTOK3047MDL-014-00330672 (“adolescents who spent more than 3 hours per day on social 

media faced double the risk of experiencing poor mental health outcomes including symptoms of 

depression and anxiety”);  TIKTOK3047MDL-014-00330672 (“studies on the effects of excessive 

social media use found a consistent relationship between social media use and poor sleep quality, 

reduced sleep duration, sleep difficulties, and depression among youth. Poor sleep has been linked 

to altered neurological development in adolescent brains, depressive symptoms, and suicidal 

thoughts and behaviors”)). And despite knowing that social media use is associated with sleep and 

concentration problems, TikTok sent “notifications to users during the school day and in some 

cases, up until midnight, which could interfere with sleep” (TIKTOK3047MDL-002-00101574 

(while TikTok ultimately stopped sending notifications at night to children who reported their age 

as under 18, it continued to send notifications during the school day)).  

431. Ultimately, TikTok’s Youth Safety and Wellbeing team was “able to ascertain that 

harm for teens is most likely to begin after 60 minutes to total daily screen time” and “that 

extremely high usage, and subsequently extremely high risk of harm, can be identified when users 

are using the app consecutively for 90 minutes or more” (TIKTOK3047MDL-087-LARK-

03239203 (evaluating a new proposed version of TikTok that would be “similar to the main TikTok 

app in many ways, especially in looks and functionality”; TIKTOK3047MDL-054-LARK-

00552347; TIKTOK3047MDL-197-04799946 (referring to 3.5 hours during the day or 2 hours at 
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night as “unbalanced engagement”); TIKTOK3047MDL-002-00101525 (referring to more than 6 

hours a day as “objective[ly] harmful”)). Children and teens frequently used TikTok for much 

longer than 60 minutes (TIKTOK3047MDL-002-00091798 (~13% or almost 9 million minors 

used the app for more than 3.5 hours a day); TIKTOK3047MDL-002-00091798 (10% of minors 

used TikTok for more than 4 hours a day); TIKTOK3047MDL-002-00091634 (“compulsive usage 

on TikTok is rampant”)). 

432. This high usage is consistent with TikTok’s “advertising-based business model” 

which employees recognized internally “encourages optimization for time spent in the app” 

(TIKTOK3047MDL-004-00137151; TIKTOK3047MDL-004-00141938 (employees noting “We 

want people to spend as much time as possible on TikTok, which can be in contrast to mental 

health” and “The sales team is revenue driven, and they’re the ones that will kill me if they hear 

me saying people shouldn’t be spending two hours on TikTok.”); TIKTOK3047-MDL-079-

LARK-02142329 (noting the sales team believed “ads targeted to the youth are also very 

meaningful revenue”)). Even for “screentime management” tools, a TikTok employee admitted 

that the goal was “not to reduce the time spent” but to “contribute to DAU and retention” 

(TIKTOK3047MDL-047-LARK-00510814). Accordingly, the goal of TikTok features like 

notifications was to get “users to open the app more and stay longer” (TIKTOK3047MDL-099-

LARK-04599758; see also TIKTOK3047MDL-024-LARK-00040453 (“The main goal of tiktok 

rec-sys is to improve user’s retention and stayduration”); TIKTOK3047MDL-090-LARK-

03555314 (TikTok’s algorithm product team and algorithm itself seeks to increase “stay 

duration”)). And TikTok used tools like variable rewards to make its app “addictive” 

(TIKTOK3047MDL-080-LARK-02692385).  

433. In 2020 TikTok conducted market research among 18–24-year-olds first in a survey 

of 1,006 respondents, and then in follow up interviews with 24 participants (TIKTOK3047MDL-

004-00323234). TikTok found that even these users who are less vulnerable than their younger 

counterparts are likely to admit that TikTok drains too much of their time and attention 

(TIKTOK3047MDL-004-00323234). Multiple users described PSMU saying their experience 

with TikTok was addicting (TIKTOK3047MDL-004-00323234).  

434. In Trust and Safety Digital wellbeing product strategy, TikTok reviewed some of 

the tools they implemented to combat PSMU and found low adoption rates among their users. For 

example, only 9.4% of TikTok’s users visited the revamped screen time page in 2022, showing 
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very low awareness of wellbeing features (TIKTOK3047MDL-006-00327425). In this same 

update, TikTok set a goal for the acceptable range of extreme use among minors, finding that 5% 

or less of minor users experiencing PSMU was an acceptable range. This could amount to millions 

of people (TIKTOK3047MDL-006-00327425). The paper also quotes an internal TikTok study 

that found that 50% of users who deactivated the product did so because they were worried about 

losing control of their time or the platforms addictive qualities (TIKTOK3047MDL-006-

00327425). TikTok acknowledges this compulsive usage “correlates with a slew of negative 

mental effects like loss of analytical skills, memory formation, contextual thinking, conversational 

depth, empathy, and increased anxiety” like loss of analytical skills, memory” 

(TIKTOK3047MDL-006-00327425). TikTok’s Protect and Care team put together a paper on the 

balanced engagement index, which was meant to help with wellbeing of those under 18. The goal 

of the digital wellbeing pillar is to promote balanced engagement among teen users they studied 

teen behavior in order to get a baseline (TIKTOK3047MDL-197-04799946). They found that, on 

average, minors spend 1.8 hours a day on the platform, and 3% of minors categorized as heavy 

users spent more than 6 hours a day on the platform (TIKTOK3047MDL-197-04799946). But 

even with all this excessive use, TikTok’s safety features are not well known and not working well 

with only .62% of minor users having turned on the take a break feature (TIKTOK3047MDL-197-

04799946). TikTok found that 19 percent of users 13-15 and 25% of users 16-17 were active on 

the platform from 12 a.m. to 5 a.m. As detailed above this nighttime use can have serious effects 

on user wellbeing (TIKTOK3047MDL-197-04799946).  

6.3.3. AGE VERIFICATION 

435. TikTok has long been labeled as the youngest social media app. (Chris Stokel-

Walker, TikTok Boom: China’s Dynamite App and the Superpower Race for social media (p. 19), 

Canbury Press (2021)). The platform verification system made it easy for under 13 users to sign 

up for an account, having no age gate the first year of launch (TikTok’s Objections & Responses 

to Plaintiffs’ Interrogatory Set 3 at *18 (while TikTok launched in August 2018, there was no age 

gate until February 2019). TikTok acknowledges that once they did implement age verification it 

was easy for a child to lie about their age and join the platform (TIKTOK3047MDL-004-

00306371).  
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436. In fact, in April of 2023 the Information Commissioner’s Office fined TikTok 

12,700,000 pounds for breaching the UK General Data Protection Regulation between May 2018 

and July 2020. The ICO stated: 

The ICO estimates that TikTok allowed up to 1.4 million UK children under 13 to 

use its platform in 2020, despite its own rules not allowing children that age to 

create an account. 

UK data protection law says that organisations that use personal data when offering 

information society services to children under 13 must have consent from their 

parents or carers. 

TikTok failed to do that, even though it ought to have been aware that under 13s 

were using its platform. TikTok also failed to carry out adequate checks to identify 

and remove underage children from its platform. 

The ICO investigation found that a concern was raised internally with some senior 

employees about children under 13 using the platform and not being removed. In 

the ICO’s view TikTok did not respond adequately. 

(https://ico.org.uk/about-the-ico/media-centre/news-and-blogs/2023/04/ico-fines-tiktok-127-

million-for-misusing-children-s-data/). 

6.4. YOUTUBE 

6.4.1. OVERVIEW 

437. Shortly after its launch in February 2005, YouTube was acquired by Google in 2006 

and has remained under its ownership ever since. By 2018, according to an internal document that 

referenced a recent Pew Research study, YouTube was “the most widely used internet platform by 

US teens” (excluding music watch time) (GOOG-3047MDL-00937887). The YouTube platform 

consists of two main products: YouTube Main, which is the traditional version available on both 

app and web, and YouTube Kids, a separate product with its own app and web version. The 

YouTube Kids app was launched in February 2015, and the web-based version was launched in 

August 2019. Although it is accessible to anyone, YouTube Kids is targeted at children aged 2-8 

years old and serves as an introductory product to YouTube Main (GOOG-3047MDL-0160498; 

GOOG-3047MDL-01608261).  
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438. YouTube has focused on attracting younger audiences for growth and engagement. 

For example, one YouTube document highlighted that investing in youth is a “business opportunity 

for YouTube” to “retain and grow the next generation of creators, otherwise they could leave for 

other platforms and never come back” (GOOG-3047MDL-00666027). YouTube also sees itself as 

a platform for community-building and engagement, which it recognizes as appealing to teen and 

tween users (See, e.g. GOOG-3047MDL-05566104.ECM; GOOG-3047MDL-01738317; GOOG-

3047MDL-03547420; GOOG-3047MDL-01725085). 

6.4.2. YOUTUBE FEATURES INCREASE ENGAGEMENT AND LEAD TO HARMS 

439. YouTube started using algorithms to recommend content in 2008, initially 

optimizing for clicks and views (YouTube Official Blog, On YouTube’s recommendation system, 

Sep 2021,  https://blog.youtube/inside-youtube/on-youtubes-recommendation-

system/#:~:text=The%20Up%20Next%20panel%20appears,the%20experience%20was%20entir

ely%20different). In 2012, YouTube shifted its focus to maximizing Watch Time, aiming to drive 

long-term engagement with minimal user effort (GOOG-3047MDL-02001809; GOOG-

3047MDL-00000064). Over the years, additional goals were incorporated, such as user 

“satisfaction” measured by in-app surveys in 2015 and “responsibility” (i.e., removing violative 

content, reducing the spread of borderline content, raising authoritative voices, and rewarding 

trusted and eligible creators) in 2017 (GOOG-3047MDL-04045797; GOOG-3047MDL-

04618585). 

440. YouTube’s recommender algorithm is a prediction engine that selects candidate 

videos based on their likelihood to achieve YouTube's goals (e.g., watch time and responsibility). 

The algorithm predicts what users may want to see based on their search entries and user data. It 

considers a wide variety of information, including demographics, the user's on and off-platform 

history, and data about candidate videos. 
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(GOOG-3047MDL-03305969). 

441. The algorithm is continuously being refined and tweaked, primarily to increase 

watch time (GOOG-3047MDL-03305969). Materials recommended by the YouTube algorithm 

appears on various surfaces within the platform, including the Home Page and Watch Next page, 

and drives about 75% of YouTube watch time (GOOG-3047MDL-04479725). YouTube’s focus on 

watch time proved successful - soon after its shift to focus on watch time, YouTube set a goal of 

reaching 1 billion hours of watch time per day (see e.g., GOOG-3047MDL-00579554). After 

reaching that goal, it set an even higher goal of achieving 4 billion hours of Watch Time by 2020 

(see, e.g., Goodrow Dep. Vol. I at 274-275). 

442. Autoplay has been a fixture of the YouTube platform for nearly a decade. When the 

feature is “on,” the YouTube platform will “automatically play a recommended video after your 

current video finishes” (GOOG-3047MDL-04626757). YouTube launched Autoplay on YouTube 

Main desktop in 2015 and expanded to YouTube Main mobile apps in 2016 (and, at some point 

therefore, implemented on YouTube Kids as well) (GOOG-3047MDL-04626757). On YouTube 

Main, Autoplay was launched with all users automatically opt-ed into the feature, i.e., the default 

setting was turned “on” for Autoplay (GOOG-3047MDL-04626757; GOOG-3047MDL-

04652560).  

443. According to a dual-branded Google/YouTube slide deck, dated June 12, 2015, 

titled “Notifications,” YouTube was a comparatively “quiet app” with less than 0.5% of session 

starts from email or push notifications (GOOG-3047MDL-00767071; GOOG-3047MDL-

05263731). However, the Boomerang team aimed to change this by using notifications to “[b]ring 
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users back to YouTube every day” to serve the “team’s core mission of growth” by targeting users 

with appealing content (GOOG-3047MDL-05263731). However, some employees worried about 

the approach, commenting “I don’t see the set of user problems we are trying to solve by these 

notifications” (GOOG-3047MDL-05263731). YouTube’s 2015 metrics goal included an increase 

from 2 million to 20 million visits from notifications per day (GOOG-3047MDL-05263731). 

YouTube’s “Notifications Platform” not only pushed out notifications related to Music and Gaming 

but also to Reactr, the in-app video sharing project, the nascent Kids app, and other areas of 

YouTube (GOOG-3047MDL-05263731; Yair Dep. at 181-184). Once on the app, users encounter 

a range of notifications and prompts—such as “Watch More” notifications—designed to reinforce 

viewing habits and boost YouTube’s overall daily active viewer metrics (GOOG-3047-MDL-

02009802). 

444. In the summer of 2024, YouTube introduced Appearance Effects, focusing mainly 

on facial enhancements. There are filters and affects to change the video background and the users’ 

features, including placing “fun” masks on the user, adjusting eye color, brightening teeth 

(Google/YouTube 30(b)(6) (Niedermeyer) Dep. at 73).  

445. YouTube's design features, such as likes, comments, notifications, autoplay, and 

endless scrolling, encourage addictive screen time. YouTube Kids was developed with many of 

these same features, including autoplay and endless scrolling. YouTube documents discuss how its 

“vision” was to create an addictive app, (see, e.g., GOOG-3047MDL-00767071), and increased 

'rabbit hole' watch time, keeping users engaged (see, e.g., GOOG-3047MDL-04683418). 

446. One of the reasons Autoplay was on by default was to generate more watch time 

(GOOG-3047MDL-04652560; see also GOOG-3047MDL-04613300 (2015 email noting that 

autoplay’s desktop launch “impact has been huge. Autoplay now generates 16% of YouTube’s 

desktop watch time”)). On YouTube Kids, Autoplay was initially implemented for all users, 

without the ability to turn it on or off, i.e., there was no user control and thus no “default” setting 

– it was always on (Google/YouTube 30(b)(6) (Beser) Dep. at 38-39). Despite research as early as 

2018 suggesting that Autoplay may contribute to overuse and sleep disruption (see, e.g., GOOG-

3047MDL-04683418), YouTube did not turn it off by default until 2021, and then only applied that 

setting to self-declared teens (despite announcing that it would be applied to “all users ages 13-

17”) (GOOG-3047MDL-05713254; GOOG-3047MDL-00000252). For YouTube Kids, YouTube 
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did not implement a user control to turn off autoplay (a “toggle”) until 2021, and did not enable 

parents to “lock” that toggle off until 2022 (Google 30(b)(6) (Beser) Ex. 1 at 38-39). 

447. YouTube has acknowledged that consuming a high volume of content with 

“potential negative impact (PNI)” can have an adverse effect on teens (GOOG-3047MDL-

01372617). Nevertheless, watching just one of these videos will trigger the algorithm to aggregate 

and continue recommending similarly harmful material. In fact, approximately 66% of the watch 

time for suicide self-harm (SSH) material and approximately 62% of the watch time for eating 

disorder (ED) material is driven by YouTube’s algorithm (GOOG-3047MDL-00798577). Despite 

these statistics, YouTube did not inform parents or young users that viewing a single potentially 

negative impact (PNI) video would prompt the algorithm to aggregate and recommend similar 

material, and the company did not take steps to mitigate these risks until 2023 (Stovezky Dep. at 

156:10-19.). 

448. In April 2018, YouTube’s User Reach team reviewed available literature on the 

negative effects of watching digital videos on overall viewer well-being (GOOG-3047MDL-

00874191). YouTube found that several aspects of viewer well-being (i.e. “wellness factors”) are 

affected by watching digital videos.  

449. Around this time (mid-2018), YouTube saw a need to “[s]howcase that we take our 

responsibility seriously and are balancing growth with responsibility (GOOG-3047MDL-

05275966). As a result, it announced a series of updates to the YouTube mobile app to “help users 

develop their own sense of digital wellbeing” including the options to receive a scheduled 

notification digest combining all daily push notifications into a single notification and disabling 

notification sounds and vibrations. (GOOG-3047MDL-05275966). The internal overview of these 

updates recognized that “[n]otification can be distracting and overwhelming, especially close to 

bedtime” and consequently, YouTube disabled sounds and vibrations from notifications by default 

from 10pm to 8am (GOOG-3047MDL-05275966). Shimrit Ben Yair, a Google employee who 

worked on Reactr, disfavored the imposition of these quiet hours, stating that, “Quiet Hours has a 

big impact on Reactr users, and violates sender expectation. It also puts Reactr at a disadvantage 

compared to other messaging apps (Yair Dep. at 182, 206, GOOG-3047MDL-05446752). Brian 

Marquardt, a Project Manager working on YouTube Main, responded on the same thread, 

“[Another Google employee’s] point that sender expects recipient’s phone to buzz for a specific 

chat app (all except Snapchat at this point, it seems) 24 hours a day, doesn’t convince me that’s 
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best for the wellbeing of those recipients. Let alone billons of YT users who downloaded a video 

app, not a chat app, or had YouTube preloaded on their Android phone” (GOOG-3047MDL-

05446752). Another employee responded to Marquardt, telling him that handicapping features on 

YouTube would drive users to achieve their messaging needs elsewhere and “hurts our ability to 

compete” (GOOG-3047MDL-05446752). In other words, Google employees were internally 

debating the tradeoff between user wellbeing and app competitiveness.   

450. Under “Key Messages” in its internal materials related to the May 2018 launch of 

digital wellbeing features, YouTube defined the problem as the amount of time people were 

spending on devices, with surfing, scrolling, gaming, and watching videos adding up to, on 

average, 86 hours a month (GOOG-3047MDL-05275966). It went on to say that such statistics 

gave rise to concerns of tech addiction and cited studies tying “extended screen time to distractions, 

sleep deprivation and depression” (GOOG-3047MDL-05275966). Furthermore, in a January 27, 

2020, presentation to the Executive Steering Committee on mental health, a product opportunity 

identified as “better sleep” was discussed, including that “37% of 18–24-year-olds report YouTube 

cut into their sleep” (GOOG-3047MDL-01523782). 

451. Despite this knowledge, YouTube’s notification team continued to dissect the 

relationship between notifications and mental health, in some instances attempting to dismiss it 

entirely (See, generally, GOOG-3047MDL-03704131). In 2021, Google’s Growth and 

Notification Team (GaNT) hosted a Notification Summit showcasing research findings concluding 

that interruptions and late-night use were the behaviors that people worried about the most 

(GOOG-3047MDL-03928001). Notifications and social media apps were seen as the culprits but, 

in understanding the help people want for this issue, Google recognized that the “appetite for 

constraining future self is low” (GOOG-3047MDL-03928001). This is likely because those 

surveyed ranked limiting screen time usage for specific apps as the worst among tools for 

alleviating the problems associated with notifications (GOOG-3047MDL-03928001). Google 

recognizes that although users know they need fewer interruptions and desire to avoid late-night 

use, they are unwilling to place a constraint on their future selves to achieve it.  

6.4.3. AGE VERIFICATION 

452. As with the other Defendants, YouTube has a stated age limit of thirteen for a user 

to create a Google account and access YouTube main. It offers a YouTube Kids application for 

even younger children. The You Tube Kids application was apparently not engaging enough for 
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tweens. YouTube therefore allows parents to consent to their younger children accessing YouTube 

Main governed by what YouTube calls a Supervised Experience (i.e. SupeX) (See, e.g. GOOG-

3047MDL-02946487).  

453. The stated age limit is effectively meaningless as users of any age are able to access 

the YouTube Main platform without logging in (Google/YouTube 30(b)(6) Jain Dep. at 96-98). 

Additionally, YouTube’s age verification relies only on the self-declared age of the user at the time 

of account creation, which YouTube documents show is unreliable (GOOG-3047MDL-04585554; 

GOOG-3047MDL-04703742; GOOG-3047MDL-04683365; GOOG-3047MDL-03385518; 

GOOG-3047MDL-01339056; GOOG-3047MDL-04585554; GOOG-3047MDL-05665186.ECM; 

GOOG-3047MDL-01988369; (Google/YouTube 30(b)(6) (Beser) at 20:3-4). This is its sole 

method of assuring the age of users for application of age-appropriate features and tools (See, e.g., 

Kim Dep. at 214-215; Google/YouTube 30(b)(6) (Saffel) Dep. at 25). This age verification is easy 

to circumvent by lying or simply not logging in, meaning there is no age assurance as to which of 

these users are minors (Google/YouTube 30(b)(6) (Saffel) Dep. at 22).  

454. Despite having the technology to implement age inference models – and, in fact, 

having done just that in other contexts and other jurisdictions – YouTube has not introduced age 

inference models in the U.S. for the purpose of ensuring that minors receive age-appropriate 

features and access. Notably, YouTube has for many years used age inference models for purposes 

of advertising (See, e.g., Hebda Dep. at 48-59; Saphir Dep. at 34-36). And, since at least 2020, 

YouTube has implemented age inference models for the purpose of ensuring that minors benefit 

from age-appropriate design and features but only in Europe, in order to comply with laws and 

regulations in that jurisdiction (Google/YouTube 30(b)(6) (Saffel) Ex. 1; Google/YouTube 

30(b)(6) (Beser) at 20. YouTube has not implemented those models in the U.S. (Google/YouTube 

30(b)(6) (Saffel) Dep. at 42; Google/YouTube 30(b)(6) (Beser) Dep. at 27). In February 2025, 

YouTube announced that it planned to use machine learning in 2025 to “help us estimate a user’s 

age – distinguishing between younger viewers and adults – to help provide the best and most age-

appropriate experiences and protections” (Google/YouTube 30(b)(6) (Saffel) Ex. 1).  

6.5. DEFENDANTS’ INTERNAL KNOWLEDGE: CONCLUSIONS 

455. Based on my review of Defendants' internal documents, as well as my in-depth 

analysis of the relevant scientific literature, it is my opinion that Defendants knew or should have 

known that children and youth are more vulnerable to the mental health risks presented by their 
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social media platforms. Strategic planning documents, internal communications, and research 

findings demonstrate Defendants’ understanding that their platforms pose a profound risk to the 

mental health of children and youth. Nevertheless, Defendants did not implement adequate 

safeguards and did not fully inform parents and children about the risks of their platforms. This 

opinion is grounded in established psychological and behavioral science and corroborated by the 

Defendants' own internal documents. 

7. CONCLUSION 

456. In conclusion, the totality and weight of the evidence, based on my synthesis of the 

evidence from meta-analytic reviews of large observational studies and high-quality experiments 

that address notable methodological limitations indicates a coherent, consistent causal relationship 

between social media use and mental health harms to children and youth. Similarly, results from 

the application of the Bradford Hill analysis indicate that all factors are met, except for specificity 

which Hill himself acknowledged rarely applies and is not necessary for a determination of 

causality. In my opinion, based on the totality and weight of evidence, and my clinical training and 

experience, that social media use, especially problematic social media use causes and contributes 

to cause mental health harms in children and youth.  

 

The undersigned hereby certifies their understanding that they owe a primary and overriding duty 

of candor and professional integrity to help the Court on matters within their expertise and in all 

submissions to, or testimony before, the Court. The undersigned further certifies that their report 

and opinions are not being presented for any improper purpose, such as to harass, cause 

unnecessary delay, or needlessly increase the cost of litigation. 

 

Dated: May 16, 2025 
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9. APPENDIX A 

Affordances of social media that are relevant to the relationship between adolescent development 

and mental health, as published in Orben et al. 2024, pp. 411-412.
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