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OPEN A harsher reality for adolescents

with depression on social media

Loes H. C. Janssen®*“, Patti M. Valkenburg®?, Loes Keijsers(?2 & Ine Beyens(?

Social media use is often highlighted as an important cause of the recent rise in depression among
adolescents. However, this perspective overlooks a crucial reverse causality, namely that levels of
depression might also shape adolescents’ social media use. In a diary study among 479 adolescents
(M, =15.98;16.9% clinically depressed), we assessed their level of depression and then monitored
their social media activities and experiences daily for 100 subsequent days. Depressed adolescents
did not differ from their non-depressed peers in the frequency of posting and the time spent scrolling.
However, they reported feeling twice as insecure after scrolling, nearly twice as rejected during
online communication with friends, and significantly more preoccupied with feedback. Our findings
underscore the need for further research into the mechanisms of how depressive symptoms influence
adolescents’ social media experiences, to inform the development of effective digital tools and
therapeutic approaches to support adolescent mental health.
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A harsher reality for adolescents with depression on social media

Over the past decade, adolescents worldwide have experienced a notable increase in the prevalence of depressive
symptoms!?, from 24% in 2001-2010 to 37% in 2011-2020%. These symptoms include feelings of sadness,
diminished interest or pleasure in activities, irritability, feelings of worthlessness, and problems with eating,
sleeping, and concentrating®. The recent rise in depressive symptoms has increasingly been attributed to the
simultaneous increase in social media use!. More than 60 empirical studies, with the majority being cross-
sectional studies, have examined the relationship of social media with depression or depressive symptoms
in adolescents (see for meta-analyses and reviews”’). Although umbrella reviews reveal that higher levels of
social media use are associated with higher levels of depressive symptoms, they typically conclude that these
associations are small®®.

It may be intuitive to conclude that social media use causes depression. Still, two important gaps in our
understanding of the link between social media use and depressive symptoms make such conclusion premature.
First, empirical studiesand the public debate havelargely disregarded an alternative hypothesis for thislink, namely
that adolescents’ depressive symptoms may shape their social media activities, that is, posting, communicating
with friends, and scrolling. The majority of research, both empirical studies and reviews, treat social media
as the cause of depressive symptoms rather than a potential consequence. With some notable exceptions!'®12,
this social media effects view is even predominant in longitudinal studies that allow for the investigation of
reciprocal effects (e.g!>~'%). This is surprising given that it is highly likely that depressive symptoms influence
how adolescents engage in social media activities'®"!®. Hence, the main purpose of this study is to explore a
quite plausible alternative hypothesis, that adolescents with more depressive symptoms engage in social media
activities differently than adolescents with fewer symptoms.

A second major empirical gap in current research is that adolescents’ specific experiences on social media
have been largely overlooked. Most studies have concentrated on the quantity of social media activities in
relation to depressive symptoms, such as the time spent posting, communicating with friends, or scrolling. Such
assessments fail to account for adolescents’ affective and cognitive appraisals of social media activities'®-?2. These
appraisals are especially crucial in the context of depressive symptoms since these symptoms can profoundly
(and negatively) impact how adolescents process social stimuli and interactions®*~?® and interpret events?’.
Adolescents with more depressive symptoms may have different positive and negative social media experiences
than adolescents with fewer depressive symptoms. For example, adolescents with more depressive symptoms
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may experience communication with friends online as less supportive and more rejecting than adolescents with
fewer depressive symptoms. Therefore, the current study aims to provide unique insights into how adolescents
with depressive symptoms may experience social media activities differently than adolescents without such
symptoms.

This study focuses on the three primary social media activities identified in the literature: self-presentation
through posting, online communication with friends, and scrolling content?*?%2, Adolescents with depressive
symptoms may experience these activities differently. Firstly, posting allows adolescents to express or present
themselves?® and seek peer approval®’. After posting, they may be preoccupied with others” responses, such
as likes®!*2, and adolescents with depressive symptoms might feel more preoccupied after posting with the
responses than their peers with fewer depressive symptoms??. Their perception of feedback positivity may also
vary based on their depressive symptoms. Secondly, during online communication with friends, adolescents
may either receive support from friends*** or feel ignored or rejected?’. Interpersonal theories of depression
(e.g.,%%), suggest that negative self-statements and excessive reassurance seeking of adolescents with depressive
symptoms may lead to a reduction or withdrawal of support from others. Thirdly, when scrolling social media
content, adolescents may seek to escape their depressive feelings by finding humorous content?*** but may also
compare themselves to others’ seemingly perfect lives, which may evoke feelings of insecurity™.

To capture adolescents’ actual lived experiences rather than their retrospective remembered experiences®,
which could be impacted by their depressive symptoms, we employed a 100-day diary study among 479
adolescents. One week before the start of the diary study, we asked adolescents to report on their depressive
symptoms (using the RADS-2%%). For 100 subsequent days, adolescents indicated daily whether they had posted
on social media, communicated online with their friends, and scrolled through social media. If they had, they
answered questions about the quantity of these activities as well as their positive and negative experiences with
these activities (i.e., feedback preoccupation, positivity of feedback, friend support, friend rejection, scrolling-
induced fun, and scrolling-induced insecurity).

We investigated whether adolescents’ depressive symptoms correlated with subsequent quantity of social
media activities in terms of posting frequency, time spent communicating online with friends, and time spent
scrolling (RQla). We also examined whether adolescents’ depressive symptoms correlated with their social
media experiences in terms of feedback preoccupation, positivity of feedback, friend support, friend rejection,
scrolling-induced fun, and scrolling-induced insecurity (RQ1b). Finally, we examined how much within-group
variation in social media activities and experiences exists among adolescents with clinically significant levels
and non-clinically significant levels of depressive symptoms (using a clinical cut-off; RQ2). As the current study
is, to our knowledge, the first to empirically examine these positive and negative social media experiences, we
refrained from formulating hypotheses.

Results
Descriptives statistics and correlations
In this preregistered study (https://osf.io/nmj5b/) 479 adolescents participated (MagE =15.98, SD=1.15; 44.3%
boys, 54.9% girls, 0.8% non-binary). Table 1 displays the descriptive statistics of study variables and between-
person Pearson correlation coefficients with depressive symptoms (see Table S1 for full correlation table in the
Supplementary Materials). All youth (479; 100%) used social media. Posting on social media, at least once across
the study period, was done by most adolescents (410; 85.6%). Adolescents communicated online with friends
for almost an hour a day (on average), with a maximum average of 4 h a day. Adolescents scrolled (watching
photos, clips, or videos on social media) on average for two hours a day, with a maximum of eleven and a half
hours a day.

To answer RQla, we assessed whether adolescents’ depressive symptoms were related to the quantity of
social media activities. Adolescents’ depressive symptoms were not related to the frequency of social media

Descriptives
Variables n |M SD Correlation with depressive symptoms
Depressive symptoms 479 | 19.77 | 5.79
Quantity social media activities (RQla)
Frequency of social media posting 479 | 0.30 0.32 |0.019
Time spent communicating online with friends | 479 | 59.10 | 47.56 | 0.089
Time spent scrolling on social media 479 | 120.37 | 66.35 | 0.090*
Social media experiences (RQ1b)
Feedback preoccupation 410 | 26.82 | 19.69 | 0.223***
Perceived positivity of feedback 410 | 66.67 | 16.19 | —0.171***
Friend support in online communication 479 | 70.21 | 13.94 | —0.209***
Friend rejection in online communication 479 | 18.03 | 14.79 | 0.405***
Scrolling-induced fun 479 | 68.32 | 16.33 | —0.134**
Scrolling-induced insecurity 479 |20.02 |20.13 | 0.446%**

Table 1. Descriptive statistics and between-person correlations of study variables. *p <.05; **p <.01;
*3%5%
p<.001.
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posting (r=.019, p=.681) or to the time spent communicating online with friends (r=.089, p=.051). However,
adolescents with more depressive symptoms reported spending more time scrolling on social media (r=.090,
p=.049) than adolescents with fewer depressive symptoms.

In terms of social media experiences (RQ1b), adolescents with more depressive symptoms perceived
the feedback on their posts as less positive (r=-.171, p<.001), felt less supported by their friends in online
communication (r=-.209, p <.001), and had less fun while scrolling (r=—.134, p=.003) compared to adolescents
with fewer depressive symptoms. Adolescents with more depressive symptoms were also more preoccupied with
feedback on their posts (r=.223, p<.001), felt more rejected by their friends in online communication (r=.405,
P <.001), and experienced more insecurity while scrolling (r=.446, p <.001).

Differences between depressed versus non-depressed adolescents

Using the established cut-off score of 26 on the depressive symptom scale®, we categorized adolescents into two
groups to also assess whether depressed versus non-depressed adolescents would differ. Results revealed that
16.9% of adolescents (n==81) reported clinically significant levels of depressive symptoms (labeled “depressed
adolescents”), while 83.1% (n=398) did not report such levels of depressive symptoms (labeled “non-depressed
adolescents”). Descriptive statistics and between-person correlations for depressed adolescents are presented in
Table S2 and for non-depressed adolescents in Table S3 in the Supplementary Materials.

We first compared the groups to each other (Fig. 1). Depressed adolescents reported less positive and more
negative social media experiences than non-depressed adolescents. The differences between the depressed
and non-depressed adolescents were most pronounced in their negative social media experiences, feedback
preoccupation, friend rejection in online communication, and scrolling-induced insecurity. Depressed
adolescents reported twice as much scrolling-induced insecurity (M=34.7, SD=22.9) compared to their
non-depressed adolescents (M=17.0, SD=18.2). They also felt nearly twice as often rejected during online
communication with friends (M =27.5, SD=16.8) compared to non-depressed adolescents (M=16.1, SD=13.6).
Finally, feedback preoccupation was approximately one-third higher among depressed adolescents (M=34.2,
SD=20.1) than non-depressed adolescents (M =25.4, SD=19.3).

To explore whether depressed adolescents differed more from each other than from the non-depressed
adolescents in social media activities and experiences (RQ2), we compared the mean sum of squares between
and within groups (see Table 2). Concerning the quantity of social media activities, the variation in time spent
communicating with friends online was larger between the two groups (MSB=0.924) than within the groups
(MSW =0.139). However, for the frequency of social media posting and time spent scrolling on social media,
the variation was larger within than between the groups. For all social media experiences, the variation between
the two groups was larger than within the groups. Together, these findings indicate that depressed adolescents
differed more from non-depressed adolescents in time spent communicating online with friends and their social
media experiences than from each other. With regard to the frequency of social media posting and time spent
scrolling on social media, depressed adolescents differed more from other depressed adolescents than from
non-depressed adolescents. The preregistered sum of squares, which were deemed less appropriate as these are
influenced by the different sample sizes of the two groups, are.
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Fig. 1. Differences between depressed (n=81) vs. non-depressed adolescents (n=398) in positive and negative
social media experiences. Means per group are displayed. Means differed significantly for all variables using
ANOVA tests.
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Variable \ MSB \ MSW

Quantity social media activities

Frequency of social media posting 0.000 | 0.141

Time spent communicating online with friends | 0.924 | 0.139

Time spent scrolling on social media 0.042 | 0.141

Social media experiences

Feedback preoccupation 1.522 | 0.134
Perceived positivity of feedback 0.714 | 0.136
Friend support in online communication 1.104 | 0.139
Friend rejection in online communication 5.649 | 0.129
Scrolling-induced fun 0.554 | 0.140
Scrolling-induced insecurity 7.282 | 0.126

Table 2. Differences between depressed and non-depressed adolescents regarding the quantity of Social Media
activities and positive and negative experiences. MSB = Mean sum of squares between groups, MSW =Mean
sum of squares within groups.

reported in Table S4 in the Supplementary Materials. Violin plots showing the distributions of the quantity
of social media activities and the positive experiences among depressed and non-depressed adolescents are
presented in Fig. S1 to S4 in the Supplementary Materials.

Sensitivity analyses

To test the rigor of the findings sensitivity analyses excluding 1,004 potentially untrustworthy observations of the
44,211 completed observations (2.3%) were performed (see preregistration for details: https://osf.io/nmj5b/).
These confirmed all conclusions with regard to the social media experiences. However, adolescents’ depressive
symptoms were no longer related to time spent scrolling on social media (see Table S5 for descriptive statistics
and between-person correlations with depressive symptoms in the Supplementary Materials).

In addition to our preregistered sensitivity analyses, we tested whether gender and age could be confounders.
Partial correlations demonstrated very similar results compared to the main analyses when controlling for
gender and age. When controlling for age, the association between depressive symptoms and time spent scrolling
on social media was no longer significant (r=.090, p=.050; see Table S6 in the Supplementary Materials for
correlations). When controlling for age, one additional association was found: Adolescents with more depressive
symptoms spent slightly more time communicating online with friends (r=.105, p=.021; see Table S7 in the
Supplementary Materials for correlations).

Discussion

In the vivid debate regarding the causal influence of social media on youths’ mental health, one crucial alternative
hypothesis is typically ignored: Adolescents’ depressive symptoms may also negatively shape their social media
experiences'®1823-27_ Qur findings provide compelling evidence for this alternative perspective, revealing that
depressed adolescents experience the online reality as harsher compared to non-depressed adolescents, with
depressed adolescents having more negative and less positive social media experiences than their non-depressed
peers. Specifically, depressed adolescents experienced twice as much insecurity after scrolling and nearly twice
as much rejection from friends while communicating online. These unprecedently strong effects underscore
the importance of considering how existing depressive symptoms influence adolescents’ experiences on social
media.

Our 100-day diary approach strengthens our results and conclusions. By assessing adolescents’ depressive
symptoms before tracking their social media activities and experiences over a 100-day diary period, we
mitigated a potential negativity bias that depressive symptoms can have on how adolescents recall and interpret
events?’. Our approach allowed us to capture adolescents’ real-time experiences rather than their retrospective
recollections. Consequently, our study shows the need to move beyond the traditional social media effects view
and retrospective designs to gain a more nuanced understanding of the relation between adolescents’ depressive
symptoms and social media.

Previous research has predominantly focused on the quantity of social media activities, largely neglecting
adolescents’ appraisal of these activities'>~22. Our results reveal that adolescents with more depressive symptoms
consistently reported having more negative social media experiences than their peers with fewer depressive
symptoms. Adolescents’ levels of depressive symptoms were inconsistently and weakly related to the frequency
of posting, the time spent communicating with friends online, and the time spent scrolling. This suggests that
while adolescents with more depressive symptoms spend an equal amount of time on social media activities as
those with fewer depressive symptoms, their experiences are markedly different, leading to different online lives.
Therefore, it is essential to take adolescents’ social media experiences into account.

Our findings align with existing studies that highlight the increased vulnerability of adolescents with mental
health problems to have adverse experiences on social medial®!. For instance, a study found that adolescents
who experienced self-harm, eating disorders, and attention deficit hyperactivity disorder (ADHD) were
more likely to have negative online experiences, such as cyberbullying, than their peers*’. Another important
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identified risk factor for adolescents with mental health problems is scrolling through overly positive content,
which can trigger social comparison and evoke feelings of insecurity*!. This result was supported in our study,
as we found that depressed adolescents experienced twice as much scrolling-induced insecurity. While earlier
research suggested that social media could provide greater opportunities for adolescents with more depressive
symptoms or depression to seek and receive support*!, our results suggest that these adolescents experienced
less support than adolescents with less depressive symptoms or levels of depression as all their social media
experiences were more negative.

The demonstrated relevance of these experiences for adolescents has important practical implications. It may
be that adolescents’ negative appraisals of social media activities can create a harmful self-reinforcing feedback
loop. For example, a depressed adolescent who seeks support from friends online may feel unsupported and
rejected which may exacerbate the depressive symptoms®*. To help adolescents break this cycle, it is crucial to
raise awareness among those with depressive symptoms about their heightened risk of having negative social
media experiences. Parents and clinicians could for instance discuss this self-reinforcing loop with adolescents,
helping them cope with these negative experiences, and become more aware of the potential negativity bias.
Clinicians could also use psychoeducation combined with social media literacy training to explain the nature of
the negativity bias and how social media may worsen this*2.

Parents and clinicians may also advise a more selective social media diet, taking into consideration the
positive experiences that adolescents may also have, offering a tailored approach. While our findings indicated
that the differences between depressed and non-depressed adolescents are larger than the differences within
each group, differences across depressed adolescents still exist, which aligns with qualitative work in depressed
adolescents®*. Some depressed adolescents may experience more friend rejection and less support from friends,
while others experience more friend rejection but also more support from friends. Parents or clinicians could
talk with adolescents and distinguish which positive social media experiences they have, how they may be
amplified, and how negative social media experiences may be reduced. Clinicians may use a diary approach
and ask adolescents to keep track of their experiences, mitigating a recall bias, to unravel which social media
experiences may be positive for adolescents.

Similar suggestions could be applied in a school setting. Teachers could provide adolescents with social media
literacy education, including lessons on how adolescents’ mood or psychological symptoms may influence their
social media use and experiences. Such lessons could equip adolescents with tools to promote more mindful
online behavior. Earlier work indicated the potential effectiveness of these types of interventions related to body
image, media literacy, and understanding of advertising*>**. Additionally, teachers may use classroom activities
or projects for which adolescents must track their social media use. This could enhance self-awareness and help
them reflect on positive and negative social media experiences. Sharing these reflections in a classroom setting
could enable adolescents to benefit from each other’s insights and strategies.

This study is one of the first to assess adolescents” experiences across the three primary social media activities
(i.e., posting, communicating with friends, and scrolling) while using a 100-day diary design to minimize recall
bias. However, it is important to acknowledge that we still relied on adolescents’ self-reports. Adolescents may
differ in their capacity to reflect on their emotions and behaviors (i.e., introspective ability), which may have
influenced our findings. To reduce such potential bias, we piloted the questions assessing the social media
experiences to ensure they were concrete and specific, and we limited the recall period to one day to improve
precision. Despite these precautions, capturing subjective experiences like emotions and appraisals inherently
depends on self-reports, making it difficult to fully eliminate an introspective bias.

Another limitation of our study is the lack of insights into the specific content that adolescents encountered
on social media, which may have been more negative for adolescents with depression. Some adolescents with
depression may actively search for information about depression or videos of shared experiences but inadvertently
come across related harmful or triggering content®*. Given that social media platforms use algorithms to tailor
the content to individuals’ preferences®’, this may increase the risk of exposure to more harmful or negative
content for these adolescents*’. Future studies could benefit from using for instance data donations, where
adolescents provide access to their social media usage data. This approach would offer valuable insight into
the specific content adolescents encounter and enable researchers to link this to their social media experiences.

Additionally, future research may want to explore whether depressive symptoms impact adolescents’ social
experiences similarly across both online and offline contexts. Our finding that adolescents with depression
experienced more friend rejection in online communication aligns with earlier work showing that adolescents
with higher levels of depressive symptoms reported more peer rejection offline than adolescents with lower
levels of depressive symptoms?®. Examining both contexts simultaneously is crucial for understanding how
experiences in one context may influence and impact the other. For instance, some adolescents prefer seeking
emotional support in person rather than online?’, while others may favor online interactions. Particularly,
those with more depressive symptoms tend to favor communicating with people online rather than in person
compared to those with little to no symptoms*S.

A final suggestion for future research is to investigate how positive social (media) experiences may mitigate
negative experiences. Qualitative studies have shown that adolescents describe both positive and negative
experiences when using social media**??, including those with depression®*. However, it remains unclear
whether positive experiences, such as receiving support in online communication with friends, may counteract
negative experiences like rejection in the same context. Future studies should focus on exploring these dynamics
to provide more detailed insights. This approach could ultimately lead to more tailored clinical interventions and
advice aimed at improving adolescents’ mental health and experiences.

To conclude, our study stresses the urgent need to expand the societal debate from viewing social media
solely as a cause of depressive symptoms to a more nuanced perspective that recognizes that adolescents with
depressive symptoms experience social media activities much more negatively. Specifically, higher levels of
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depressive symptoms precede more negative and fewer positive social media experiences, and we suggest that
this may set into motion a negative feedback loop of increasing depressive feelings. Embracing this alternative
hypothesis and considering both positive and negative social media experiences would enable gaining more
nuanced insights into the relation between depressive symptoms and social media. It would also facilitate
discussions on strategies to effectively support at-risk adolescents, ultimately fostering better mental health
outcomes.

Methods

This preregistered study (https://osf.io/nmj5b/) is part of a larger intensive longitudinal project that investigates
the effects of social media use on indicators of adolescent well-being. The data collection took place from January
2023 to June 2023 and consisted of four parts: (1) an online intake interview, (2) a baseline questionnaire, (3) a
100-day daily diary, and (4) an optional exit interview to provide insights into personal social media patterns for
adolescents who were interested. The current study used data of the baseline questionnaire and 100-day daily
diary.

The full project was approved by the Ethics Review Board of the Faculty of Social and Behavioral Sciences
at the University of Amsterdam (2022-YME-15724) and was performed in accordance with the guidelines
formulated by the Ethics Review Board and the principles of the Declaration of Helsinki. Adolescents provided
informed consent to participate and if adolescents were below the age of 16, parents also provided informed
consent.

Participants

Participants were recruited in collaboration with an insight and strategy bureau (CHOICE) that had access to
several panels of adults and adolescents (above the age of 16) who regularly participate in research. Adolescents
who indicated their interest in participating were asked to invite friends. Moreover, participants were recruited
from earlier projects, through social media, and the personal network of the researchers. A total of 480
adolescents aged 14 to 18 at the time of inclusion from all regions of the Netherlands started the larger project
but one adolescent dropped out after the first day of the daily diary. The final sample consisted of 479 adolescents
who participated in the 100-day diary study (M, , = 15.98, SD=1.15; 44.3% boys, 54.9% girls, 0.8% non-binary).
Adolescents were enrolled in (pre)vocational education (29.9%), higher general secondary/higher professional
education (29.2%), and (preparatory) academic education (40.9%). The majority of adolescents were born in the
Netherlands (96.9%).

Procedure

A detailed overview of the project procedure, including the design of the study can be found on OSF (https:
/losf.io/k47ta/). The study procedure of the project was designed following recommendations for collecting
intensive longitudinal data®. After providing consent, participants were invited for an online intake interview
and received instructions for installing the daily diary software application m-Path (m-path.io®®) on their
smartphones. During the intake interviews, participants were asked about their own social media use, received
more information about the study procedure, and practiced with the daily diary app. Five days before the 100-
day diary study started, participants received a link to the baseline questionnaire, including questions about
demographics and depressive symptoms.

During the diary part of the project, from January to May 2023, participants received one questionnaire
a day via the m-Path app for 100 consecutive days. The questionnaires were sent at 8.30 PM and could be
started until midnight. If participants had not yet completed the questionnaire, reminders were sent at 9.15
PM and 10.00 PM. Each questionnaire consisted of 34-38 questions, depending on follow-up questions. At
the end of the 100-day diary, participants could extend their participation for 15 days to catch up for missed
days. Participants’ compliance was monitored daily and participants’ questions and problems were answered via
WhatsApp, telephone, and e-mail. We also regularly messaged participants via WhatsApp to motivate them or
check in if there were problems. For instance, we updated them on their weekly response rates and contacted
them when they missed three subsequent questionnaires.

To minimize potential harms or risks for participants, we included a statement at the end of the baseline
questionnaire that if adolescents experienced problems or mental health issues they could contact the Dutch
mental health organization @ease. This organization offers anonymous support to adolescents. We could also
consult an employee of @ease if adolescents mentioned problems to us. During the diary part, we were available
for contact until 10 PM and adolescents were instructed that they could contact us when there were issues.

Incentives

For every part of the study, except for the optional interview, participants received compensation. Adolescents
received €5,- for the intake interview, €5,- for completing the baseline questionnaire, and €1,- for every completed
daily diary questionnaire. Participants who completed 100 questionnaires or more (including catch-up days)
received an additional €10,-. Participants who completed 14 consecutive questionnaires in a row in the middle of
the study (day 47 until 60) could earn a €5,- bonus. In addition, once a week (Tuesday) we raffled two times €25,-
based on compliance of the previous week. Participants received their compensation every month of the study.

Compliance

In research using experience sampling methods (ESM; assessing moods and experiences multiple times a day for
weeks) and daily diary designs, a key quality marker is compliance®. After the 100 days, 82.8% of the sent daily
diary questionnaires were completed (39,598 of 47,847 observations). After the 15 catch-up days, adolescents
completed a total of 44,211 questionnaires, indicating an average of 92.3 daily questionnaires (SD =24.55, range
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12-115). A small proportion of the daily diaries (115 questionnaires, <0.3%) had irregularities or were not
sent due to unforeseen technical issues with the m-Path application. Not answering questionnaires was due to
technological factors (e.g., uploading errors) and human factors (e.g., being ill).

Measures

Baseline

Depressive symptoms. A validated and often used short form of the Reynolds Adolescent Depression Scale
Second Edition (RADS-2%) was used to assess adolescents’ depressive symptoms at the start of the study. The
scale consists of 10 items (e.g., “In the past two weeks I was sad”) which were answered on a 4-point scale ranging
from 1 (never) to 4 (often). One item, which was positively formulated, was reverse coded before calculating a
sum score. Higher scores reflected higher levels of depressive symptoms and Cronbach’s alpha was 0.86. Sum
scores could range between 10 and 40. A cut-off point of 26 has been suggested as classification for clinically
significant levels of depressive symptoms®. Using this cut-off point, we calculated a new variable representing
whether adolescents’ depressive symptoms scores indicated clinically significant levels of depressive symptoms
(i.e., equal to or above the cut-off; labeled depressed) or non-clinically significant levels of depressive symptoms
(i.e., below the cut-off; labeled non-depressed).

Daily diary

To assess the social media experiences with low recall bias, adolescents indicated for 100 days in a row, whether
they had posted on social media (and how much), communicated online with their friends, and scrolled. If
so, follow-up questions were asked. For each variable, we computed a person-specific mean representing the
quantity of social media use or social media experience throughout the 3 month study period.

Frequency of social media posting. Each day, we assessed whether adolescents posted something on social
media by asking them: “Did you share or post a (private) story today (e.g., on Instagram, Snapchat, BeReal)?”
Adolescents could select one answer of four: (0) no, nothing, (1) 1 time, (2) 2 times, and (3) more than 2 times.
A dummy variable was created to represent if adolescents posted that day (1) or not (0).

Feedback preoccupation. If adolescents had posted on social media, we assessed their level of feedback
preoccupation by asking them: “Were you preoccupied today with how others would react to your (private)
story or post?” If adolescents shared two or more posts, the item was shown in plural. Adolescents answered on
a Visual Analog Scale (VAS) that ranged from 0 (not preoccupied at all) to 100 (very preoccupied).

Perceived positivity of feedback. If adolescents had posted on social media, we assessed their perceived positivity
of peer feedback by asking them: “Were you satisfied with the responses you received on your (private) story or
post today?” If adolescents shared two or more posts, the item was shown in plural. Adolescents answered on a
Visual Analog Scale (VAS) that ranged from 0 (not satisfied at all) to 100 (very satisfied).

Time spent communicating online with friends. Each day, we assessed how much time adolescents had spent
communicating online with friends by asking them: “How long did you chat with your friends today (snap,
WhatsApp, DM)?”. Adolescents were instructed to estimate hours and minutes, which we recoded to minutes.

Friend support in online communication. If adolescents had communicated with their friends online, the
experience of support by their friends was assessed by asking adolescents: “Did you feel supported by your
friends while chatting today?” Adolescents answered on a Visual Analog Scale (VAS) that ranged from 0 (not
supported at all) to 100 (very supported).

Friend rejection in online communication. If adolescents had communicated with their friends online, the
experience of rejection by friends was assessed by asking adolescents: “Did you feel ignored by your friends
today after sending a snap, app, or DM?” Adolescents answered on a Visual Analog Scale (VAS) that ranged from
0 (not ignored at all) to 100 (very ignored).

Time spent scrolling on social media. We assessed how much time adolescents had spent scrolling on social
media by asking them: “How long did you watch photos, clips, or videos on social media today?”. Adolescents
were instructed to estimate hours and minutes, which we recoded to minutes.

Scrolling-induced fun. If adolescents had scrolled on social media, the experience of funny content during
scrolling was assessed by asking adolescents: “Did you find the photos, clips, or videos funny?” Adolescents
answered on a Visual Analog Scale (VAS) that ranged from 0 (not funny at all) to 100 (very funny).

Scrolling-induced insecurity. If adolescents had scrolled on social media, the experience of insecurity during
scrolling was assessed by asking adolescents: “Did you feel insecure about yourself today when you saw photos,
clips or videos on social media?” Adolescents answered on a Visual Analog Scale (VAS) that ranged from 0 (not
insecure at all) to 100 (very insecure).

Preregistered statistical analysis plan

All of our preregistered analyses (https://osf.io/nm;j5b/) were performed in R (Version 4.2.2). To answer our first
research question and investigate whether adolescents’ depressive symptoms were correlated with subsequent
quantity of social media activities (i.e., frequency of posting, time spent communicating online with friends,
and time spent scrolling on social media; RQla) and adolescents’ social media experiences throughout the
100 days (i.e., social media-induced feedback preoccupation, positivity of feedback, friend support, friend
rejection, scrolling-induced fun, and scrolling-induced insecurity; RQ1b), we calculated between-person
Pearson correlations coefficients. We aimed to answer the second research question by examining how much
within-group variation in social media quantity and experiences exists among depressed adolescents and non-
depressed adolescents (using sum of squares between and within the two groups). The between sum of squares
indicates how much of the total variation, referring to the overall variability in the data, is due to differences
between group means, while the within-group sum of squares indicates how much of the total variation is due to
variation within the groups. However, due to the different sample sizes of the two groups that influence the sum
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of squares, we additionally calculated the mean sum of squares between and within groups to account for these
different sample sizes. This enables comparing within- and between-group variation. Additionally, we plotted
violin plots to depict the distributions of data.

Data availability

A detailed overview of the project procedure, including the design of the study can be found on the Open Sci-
ence Framework (OSF) (https://osf.io/k47ta/). More information on the measures and preregistered analyses
can be found in the preregistration on OSF (https://osf.io/nmj5b/). The R syntax necessary to reproduce the
analyses are publicly accessible at OSF: https://osf.io/kvy9j/. The code was checked and run by an independent
co-pilot. The data underlying this article can be found on Figshare: https://doi.org/10.21942/uva.28458422.v1.

Received: 13 August 2024; Accepted: 7 February 2025
Published online: 31 March 2025

References

1. Twenge, J. M. Increases in depression, self-harm, and suicide among U.S. adolescents after 2012 and links to technology use:
Possible mechanisms. Psychiatr. Res. Clin. Pract. 2, 19-25. https://doi.org/10.1176/appi.prcp.20190015 (2020).

2. Shorey, S., Ng, E. D. & Wong, C. H. J. Global prevalence of depression and elevated depressive symptoms among adolescents: A
systematic review and meta-analysis. Br. J. Clin. Psychol. 61, 287-305. https://doi.org/10.1111/bjc.12333 (2022).

3. American Psychiatric Association. Diagnostic and statistical manual of mental disorders (5th ed., text rev.) edn. American
Psychiatric Association, (2022).

4. Ivie, E. J,, Pettitt, A., Moses, L. J. & Allen, N. B. A meta-analysis of the association between adolescent social media use and
depressive symptoms. J. Affect. Disord. 275, 165-174. https://doi.org/10.1016/j.jad.2020.06.014 (2020).

5. Cunningham, S., Hudson, C. C. & Harkness, K. Social media and depression symptoms: A meta-analysis. Res. Child. Adolesc.
Psychopathol. 49, 241-253. https://doi.org/10.1007/s10802-020-00715-7 (2021).

6. Vidal, C., Lhaksampa, T., Miller, L. & Platt, R. Social media use and depression in adolescents: A scoping review. Int. Rev. Psychiatry.
32, 235-253. https://doi.org/10.1080/09540261.2020.1720623 (2020).

7. Vahedi, Z. & Zannella, L. The association between self-reported depressive symptoms and the use of social networking sites (sns):
A meta-analysis. Curr. Psychol. 40, 2174-2189. https://doi.org/10.1007/s12144-019-0150-6 (2021).

8. Valkenburg, P. M., Meier, A. & Beyens, 1. Social media use and its impact on adolescent mental health: An umbrella review of the
evidence. Curr. Opin. Psychol. 44, 58-68. https://doi.org/10.1016/j.copsyc.2021.08.017 (2022).

9. Arias-dela Torre, J. et al. Relationship between depression and the use of mobile technologies and social media among adolescents:
Umbrella review. J. Med. Internet. Res. 22, e16388-e16388. https://doi.org/10.2196/16388 (2020).

10. Nesi, J. et al. Emotional responses to social media experiences among adolescents: Longitudinal associations with depressive
symptoms. J. Clin. Child. Adolesc. Psychol. 1-16. https://doi.org/10.1080/15374416.2021.1955370 (2021).

11. Coyne, S. M., Rogers, A. A., Zurcher, J. D., Stockdale, L. & Booth, M. Does time spent using social media impact mental health?
An eight year longitudinal study. Comput. Hum. Behav. 104, 106160. https://doi.org/10.1016/j.chb.2019.106160 (2020).

12. Frison, E. & Eggermont, S. Exploring the relationships between different types of facebook use, perceived online social support,
and adolescents’ depressed mood. Soc. Sci. Comput. Rev. 34, 153-171. https://doi.org/10.1177/0894439314567449 (2016).

13. van den Eijnden, R. J., Meerkerk, G. J., Vermulst, A. A, Spijkerman, R. & Engels, R. C. M. E. Online communication, compulsive
internet use, and psychosocial well-being among adolescents: A longitudinal study. Dev. Psychol. 44, 655-665. https://doi.org/10.1
037/0012-1649.44.3.655 (2008).

14. Calandri, E., Graziano, F. & Roll¢, L. Social media, depressive symptoms and well-being in early adolescence. The moderating role
of emotional self-efficacy and gender. Front. Psychol. 12, 660740. https://doi.org/10.3389/fpsyg.2021.660740 (2021).

15. Jensen, M., George, M. ], Russell, M. R. & Odgers, C. L. Young adolescents’ digital technology use and mental health symptoms:
Little evidence of longitudinal or daily linkages. Clin. Psychol. Sci. 7, 1416-1433. https://doi.org/10.1177/2167702619859336
(2019).

16. Zillmann, D. & Bryant, J. in Selective exposure to communication (eds Dolf Zillmann & Jennings Bryant) 157-190, Erlbaum, (1985).

17. Knobloch-Westerwick, S. The selective exposure self- and affect-management (SESAM) model: Applications in the realms of race,
politics, and health. Commun. Res. 42, 959-985. https://doi.org/10.1177/0093650214539173 (2015).

18. Valkenburg, P. M. & Peter, J. The differential susceptibility to media effects model. J. Commun.. 63, 221-243. https://doi.org/10.11
11/jcom.12024 (2013).

19. Grady, S. M., Tamborini, R., Eden, A. & Van Der Heide, B. The social factors and functions of media use. J. Commun.. 72, 523-539.
https://doi.org/10.1093/joc/jqac026 (2022).

20. Weinstein, E. The social media see-saw: Positive and negative influences on adolescents’ affective well-being. New. Media Soc. 20,
3597-3623. https://doi.org/10.1177/1461444818755634 (2018).

21. Yang, C. C,, Holden, S. M. & Ariati, J. Social media and psychological well-being among youth: The multidimensional model of
social media use. Clin. Child Fam. Psychol. Rev. 24, 631-650. https://doi.org/10.1007/s10567-021-00359-z (2021).

22. van der Wal, A., Valkenburg, P. M. & van Driel I. I. In their own words: How adolescents use social media and how it affects them.
Soc. Med. Soc. 10, 1-11. https://doi.org/10.1177/20563051241248591 (2024).

23. Beck, A. T. Depression: Clinical, Experimental, and Theoretical Aspects (Harper & Row, 1967).

24. Beck, A. T. Cognitive Therapy of Depression (The Guilford Press, 1979).

25. Rottenberg, J., Gross, J. ]. & Gotlib, I. H. Emotion context insensitivity in major depressive disorder. J. Abnorm. Psychol. 114, 627.
https://doi.org/10.1037/0021-843X.114.4.627 (2005).

26. Rudolph, K. D. in In Handbook of Depression in Adolescents. 377-418 (eds Nolen-Hoeksema, S., Lori, M. & Hilt) (Routledge, 2009).

27. Platt, B., Waters, A. M., Schulte-Koerne, G., Engelmann, L. & Salemink, E. A review of cognitive biases in youth depression:
Attention, interpretation and memory. Cogn. Emot. 31, 462-483. https://doi.org/10.1080/02699931.2015.1127215 (2017).

28. Karsay, K., Matthes, J., Schmuck, D. & Ecklebe, S. Messaging, posting, and browsing: A mobile experience sampling study
investigating youth's social media use, affective well-being, and loneliness. Soc. Sci. Comput. Rev. 41, 1493-1513. https://doi.org/1
0.1177/08944393211058308 (2023).

29. Liu, D., Baumeister, R. E, Yang, C. & Hu, B. Digital communication media use and psychological well-being: A meta-analysis. /.
Comput.-Mediat. Commun. 24, 259-274. https://doi.org/10.1093/ccc/zmz013 (2019).

30. Yau, J. C. & Reich, S. M. It’s just a lot of work: Adolescents’ self-presentation norms and practices on Facebook and Instagram. J.
Res. Adolesc. 29, 196-209. https://doi.org/10.1111/jora.12376 (2019).

31. Bij de Vaate, N. A. J. D. et al. Social media self-effects on adolescents’ self-esteem: A 100-day diary study. PsyArXiv Preprints.
https://doi.org/10.31234/0sf.io/qre85 (2023).

Scientific Reports |

(2025) 15:10947 | https://doi.org/10.1038/s41598-025-89762-y natureportfolio


https://osf.io/nmj5b/
https://osf.io/kvy9j/
https://doi.org/10.21942/uva.28458422.v1
https://doi.org/10.1176/appi.prcp.20190015
https://doi.org/10.1111/bjc.12333
https://doi.org/10.1016/j.jad.2020.06.014
https://doi.org/10.1007/s10802-020-00715-7
https://doi.org/10.1080/09540261.2020.1720623
https://doi.org/10.1007/s12144-019-0150-6
https://doi.org/10.1016/j.copsyc.2021.08.017
https://doi.org/10.2196/16388
https://doi.org/10.1080/15374416.2021.1955370
https://doi.org/10.1016/j.chb.2019.106160
https://doi.org/10.1177/0894439314567449
https://doi.org/10.1037/0012-1649.44.3.655
https://doi.org/10.1037/0012-1649.44.3.655
https://doi.org/10.3389/fpsyg.2021.660740
https://doi.org/10.1177/2167702619859336
https://doi.org/10.1177/0093650214539173
https://doi.org/10.1111/jcom.12024
https://doi.org/10.1111/jcom.12024
https://doi.org/10.1093/joc/jqac026
https://doi.org/10.1177/1461444818755634
https://doi.org/10.1007/s10567-021-00359-z
https://doi.org/10.1177/20563051241248591
https://doi.org/10.1037/0021-843X.114.4.627
https://doi.org/10.1080/02699931.2015.1127215
https://doi.org/10.1177/08944393211058308
https://doi.org/10.1177/08944393211058308
https://doi.org/10.1093/ccc/zmz013
https://doi.org/10.1111/jora.12376
https://doi.org/10.31234/osf.io/qre85
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

32. Steele, R. G, Hall, J. A. & Christofferson, J. L. Conceptualizing digital stress in adolescents and young adults: Toward the
development of an empirically based model. Clin. Child Fam. Psychol. Rev. 23, 15-26. https://doi.org/10.1007/s10567-019-00300-5
(2020).

33. Hawes, T., Zimmer-Gembeck, M. ]. & Campbell, S. M. Unique associations of social media use and online appearance preoccupation
with depression, anxiety, and appearance rejection sensitivity. Body Image. 33, 66-76. https://doi.org/10.1016/j.bodyim.2020.02.0
10 (2020).

34. Radovic, A., Gmelin, T., Stein, B. D. & Miller, E. Depressed adolescents’ positive and negative use of social media. J. Adolesc. 55,
5-15. https://doi.org/10.1016/j.adolescence.2016.12.002 (2017).

35. O'Reilly, M. et al. Is social media bad for mental health and wellbeing? Exploring the perspectives of adolescents. Clin. Child
Psychol. Psychiatry. 23, 601-613. https://doi.org/10.1177/1359104518775154 (2018).

36. Weinstein, E. Adolescents’ differential responses to social media browsing: Exploring causes and consequences for intervention.
Comput. Hum. Behav. 76, 396-405. https://doi.org/10.1016/j.chb.2017.07.038 (2017).

37. Kahneman, D. & Riis, J. in The science of well-being (eds Felicia A. Huppert, Nick Baylis, & Barry Keverne) 285-3010xford
University Press, (2005).

38. Reynolds, W. M. In Comprehensive Handbook of Psychological Assessment, Volume 2: Personality Assessment and
Psychopathology224-236 (Wiley, 2005).

39. Milfont, T. L. et al. Evaluating the short form of the reynolds adolescent depression scale in New Zealand adolescents. Aust. New.
Z.]. Psychiatry. 42, 950-954. https://doi.org/10.1080/000486708024153 (2008).

40. Stoilova, M., Edwards, C., Kostyrka-Allchorne, K., Livingstone, S. & Sonuga-Barke, E. Adolescents’ mental health vulnerabilities
and the experience and impact of digital technologies: A multimethod pilot study, London (2021).

41. Kostyrka-Allchorne, K. et al. Review: Digital experiences and their impact on the lives of adolescents with pre-existing anxiety,
depression, eating and nonsuicidal self-injury conditions: A systematic review. Child Adolesc. Mental Health. 28, 22-32. https://do
i.org/10.1111/camh.12619 (2023).

42. Tibber, M. S. & Silver, E. A trans-diagnostic cognitive behavioural conceptualisation of the positive and negative roles of social media
use in adolescents’ mental health and wellbeing. Cogn. Behav. Therapist. 15, 1-46. https://doi.org/10.1017/S1754470X22000034
(2022).

43. McLean, S. A., Wertheim, E. H., Masters, J. & Paxton, S. J. A pilot evaluation of a social media literacy intervention to reduce risk
factors for eating disorders. Int. J. Eat. Disord. 50, 847-851. https://doi.org/10.1002/eat.22708/epdf (2017).

44. Rozendaal, E. & Figner, B. Effectiveness of a school-based intervention to empower children to cope with advertising. J. Media
Psychol. 32, 107-118. https://doi.org/10.1027/1864-1105/a000262 (2020).

45. Lukoff, K. et al. in CHI 21: CHI Conference on Human Factors in Computing Systems. 1-17 (ACM).

46. Ha, T. et al. Depressive symptoms amplify emotional reactivity to daily perceptions of peer rejection in adolescence. J. Youth
Adolesc. 48, 2152-2164 (2019).

47. Mackenzie, E., McMaugh, A. & Van Bergen, P. Digital support seeking in adolescent girls: a qualitative study of affordances and
limitations. Cyberpsychol. ]. Psychosoc. Res. Cyberspace. 14 https://doi.org/10.5817/cp2020-3-5 (2020).

48. Rideout, V., Fox, S. & HopeLab Digital health practices, social media use, and mental well-being among teens and young adults in
the US. (San Francisco, CA, (2018).

49. van Roekel, E., Keijsers, L. & Chung, J. M. A review of current ambulatory assessment studies in adolescent samples and practical
recommendations. J. Res. Adolesc. 29, 560-577. https://doi.org/10.1111/jora.12471 (2019).

50. Mestdagh, M. et al. m-Path: an easy-to-use and highly tailorable platform for ecological momentary assessment and intervention
in behavioral research and clinical practice. Front. Digit. Health. 5, 1182175. https://doi.org/10.3389/fdgth.2023.1182175 (2023).

Acknowledgements

We are grateful for the effort and time devoted by the participating adolescents. We would like to thank Nadia
Bij de Vaate, Amber van der Wal, Tim Verbeij, and Teun Siebers for their contribution to the data collection of
this study.

Author contributions
LJ., PV, LK, LB. designed the study; L.J. collected the data; L.J. analyzed the data; L.]. wrote the article (original
draft), and L.J.,, P.V,, L.K,, I.B. wrote and reviewed the manuscript.

Funding

This preregistered study was funded by an NWO Spinoza Prize awarded to Patti M. Valkenburg by the Dutch
Research Council (NWO). Additional funding was received from a VIDI grant (NWO VIDI Grant 452.17.011)
awarded to Loes Keijsers by the Dutch Research Council (NWO).

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/541598-025-89762-y.

Correspondence and requests for materials should be addressed to L.H.C.J.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports|  (2025) 15:10947 | https://doi.org/10.1038/s41598-025-89762-y nature portfolio


https://doi.org/10.1007/s10567-019-00300-5
https://doi.org/10.1016/j.bodyim.2020.02.010
https://doi.org/10.1016/j.bodyim.2020.02.010
https://doi.org/10.1016/j.adolescence.2016.12.002
https://doi.org/10.1177/1359104518775154
https://doi.org/10.1016/j.chb.2017.07.038
https://doi.org/10.1080/000486708024153
https://doi.org/10.1111/camh.12619
https://doi.org/10.1111/camh.12619
https://doi.org/10.1017/S1754470X22000034
https://doi.org/10.1002/eat.22708/epdf
https://doi.org/10.1027/1864-1105/a000262
https://doi.org/10.5817/cp2020-3-5
https://doi.org/10.1111/jora.12471
https://doi.org/10.3389/fdgth.2023.1182175
https://doi.org/10.1038/s41598-025-89762-y
https://doi.org/10.1038/s41598-025-89762-y
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:10947 | https://doi.org/10.1038/s41598-025-89762-y nature portfolio


http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿A harsher reality for adolescents with depression on social media

