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A B S T R A C T   

Background: There is evidence that extraversion and associated frequent personal and digital social contacts are 
associated with mental health, reflected in reduced risk for anxiety or depression. However, excessive social 
media use (SMU) has been related to a decrease of mental health. We test how extraversion moderates the effect 
of SMU on anxiety and depression in times of social distancing. 
Methods: Data were collected with an app-based survey combined with passive sensing of social media usage 
time. We analyzed SMU (objective average duration of communication app usage) and cross-sectional ques-
tionnaire data from 486 adults (mean age = 42.42). Using multiple regression models, we tested how SMU, 
extraversion and their interaction relate to individual depression and anxiety scores. 
Results: Depression scores were associated with a higher SMU and lower extraversion. There was a significant 
positive relationship between SMU and extraversion that predicted higher depression scores. 
Limitations: In the present sample, there is a recruitment bias since only data from smartphones running iOS were 
included. Future research should also take a closer look at the purpose behind SMU. 
Conclusions: We conclude that extraversion might be a protective factor for depression which can turn into a 
harmful one if it is related to higher SMU. Thus, the interplay between SMU and extraversion needs to be 
considered when predicting individual differences in mental health.   

Introduction 

Positive social interactions are known to be beneficial for well-being 
(Baumeister and Leary, 2018; Cohen, 2004; Sandstrom and Dunn, 
2014). This is particularly true for interactions taking place face-to-face 
(e.g., Sacco and Ismail, 2014) as they can provide social support and a 
sense of belonging, thus contributing considerably to achieving and 
maintaining mental and physical well-being (Cohen, 2004; Cornwell 
and Waite, 2009; Hagerty and Williams, 1999; Thoits, 2011). As such, 
positively perceived interactions with others can reduce stress and 
support mental health (Segrin and Rynes, 2009), which we refer to as 
appreciation of social interactions (APSI). APSI, as a proxy for positive 
effects by valuing social support, can be used as a psychological resource 
for coping with stress (Cohen, 2004). Social support is thought to reduce 

the adverse effects of sources of stress on an individual’s mental health 
as indicated by the Stress-Buffering Model (Cohen and Wills, 1985). 
Upholding close social ties with family and friends reduces symptoms of 
depression (Cruwys et al., 2013), stimulates engagement in physical 
activities (Kaczynski and Glover, 2012), and improves life satisfaction 
(Stavrova and Luhmann, 2016). However, in the wake of the corona-
virus disease 2019 (COVID-19) pandemic, nations worldwide have 
introduced strict contact restrictions to control the spread of the novel 
Sars-Cov-2 coronavirus (Khanna et al., 2020; Roser et al., 2020). As a 
result, many individuals have spent more time at home than before the 
pandemic. This led to an increase in social media use (SMU), especially 
in, but not limited to, females (Lemenager et al., 2021). 

During physical distancing, communicating via smartphone can help 
maintain social support and the feeling of being part of a community 
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(Banerjee and Rai, 2020; Naslund et al., 2016). Social media can also 
help adults make new friends, especially in the context of a pandemic 
(O’Keeffe et al., 2011). Furthermore, research showed that the possi-
bility to connect anonymously with others could be a major benefit of 
social media for anxious and shy individuals (Valkenburg and Peter, 
2011), persons suffering from shame and isolation (Whitlock et al., 
2006), and even for those with stigmatized health conditions such as 
mental illness (Berger et al., 2005; Highton-Williamson et al., 2015). 

However, recent studies showed that during the pandemic, pro-
longed SMU might have led to mental health problems (Ahmad and 
Murad, 2020; Allington et al., 2020) such as depression (Zhong et al., 
2021) and anxiety (Boursier et al., 2020). This, in turn, was associated 
with a greater SMU to compensate for the increased sense of loneliness 
by trying to uphold a sense of belonging – a vicious circle (Boursier et al., 
2020). Therefore, the reduction of direct contacts could have detri-
mental effects on mental health (Cornwell and Waite, 2009; Marroquín 
et al., 2020). Outside the pandemic context, SMU has been associated 
with lower emotional support from face-to-face interactions and, in 
consequence, greater social isolation, anxiety, and depression (e.g., Lin 
et al., 2016; for a review on problematic SMU, see Marino et al., 2018; 
Primack et al., 2018; Shensa et al., 2018; Yoon et al., 2019). For 
instance, a longitudinal study showed that Facebook use was negatively 
related to well-being and mental health (Shakya and Christakis, 2017). 
The authors demonstrated that the negative implications of Facebook 
use on various health indices (i.e., body mass index and self-reported 
physical health, mental health, and life satisfaction) were comparable 
or even greater in magnitude than the positive effects of face-to-face 
interactions on these indices. In contrast, there is also evidence that 
SMU is only a nuanced or weak predictor of well-being (Orben et al., 
2019). 

Taken together, there is inconsistent evidence regarding the rela-
tionship between SMU and mental health. Providing a possible expla-
nation for this inconsistency, the Differential Susceptibility to Media 
Effects Model (Valkenburg and Peter, 2013) proposes that the effect of 
SMU on mental health is moderated by individual differences in per-
sonality traits, along with developmental and social factors. 

Specifying the personality traits that may play a role, more recent 
research has proposed that extraversion, a trait characterized by socia-
bility, high energy levels, and appreciation of social interactions, may 
moderate the relationship between the type of social contact and mental 
health (e.g., Soto and John, 2017). Extraversion is associated with 
positive mental health (e.g., Lamers et al., 2012) and with decreases in 
symptoms of depression, anxiety, and mental illness (e.g., Jylhä and 
Isometsä, 2006), but also with high social media consumption (e.g., 
Caci et al., 2014; Moore and McElroy, 2012). Especially in times of 
limited face-to-face interactions, social media applications (apps) pro-
vide an important platform for socializing: extraverted individuals 
experience positivity through SMU which reflects their offline behavior 
(Bowden-Green et al., 2020). At the same time, extensive SMU is asso-
ciated with mental health problems (Lin et al., 2016; Vannucci et al., 
2017). 

Given that extraversion is related to SMU and mental health, it is 
plausible to assume that extraversion, characterized by the appreciation 
of social interactions, may be one variable that affects the strength or the 
direction of the relationship between SMU and mental health. 

However, so far it remains unclear whether extraversion moderates 
the relationship between SMU and mental health. 

Moreover, in previous studies, SMU was often assessed based on 
subjective ratings of social app consumption (e.g., Bányai et al., 2017; 
Berryman et al., 2018; Kircaburun et al., 2020; Vannucci et al., 2017) 
which may be biased by social desirability. 

The current study investigated the moderation effect of extraversion 
based on the recorded average duration of social media app use on 
participants’ smartphones, i.e., an objective indicator of SMU. We tested 
the link between this objective SMU measure to self-reported symptoms 
of anxiety and depression (assessed by well-established questionnaires) 

and investigated whether and how this link is moderated by extraver-
sion. Given that a preference for personal social interactions can affect 
SMU (e.g., Grieve et al., 2013) and mental health (in case of a lack of 
personal social interactions, e.g., Cacioppo et al., 2010; Teo et al., 2015), 
we also assessed individuals’ appreciation of personal social interactions 
and tested its effect on SMU and both mental health dimensions. 

Inspired by studies showing a positive effect of social contact (e.g., 
Sacco and Ismail, 2014) and extraversion on mental health (e.g., Lamers 
et al., 2012), we hypothesized that extraverted individuals and those 
who tend to appreciate social contacts (e.g., Best et al., 2014) report 
lower anxiety and depression scores. Although we expected that SMU 
itself would predict a decline in mental health (e.g., Allington et al., 
2020; Boursier et al., 2020), beneficial aspects of social contact support 
the assumption that the stronger the positive interaction between ex-
traversion and SMU, the lower the depression and anxiety scores. 
Alternatively, based on results showing a negative effect of SMU on 
mental health (e.g., Yoon et al., 2019), it is also possible that the higher 
SMU in extraverted individuals is associated with a decline of mental 
health, i.e., an increase in depression and anxiety scores. In this case, a 
strong positive interaction between extraversion and SMU should pre-
dict higher depression and anxiety scores. The tested model is visualized 
in Figure 1. 

Method 

Sample and Procedure 

Data were collected using the Corona Health App which was initiated 
by the Mental Health Research Unit of the Robert Koch Institute (RKI), i. 
e., the German federal agency for public health responsible for disease 
control and prevention, and the Universities of Würzburg, Ulm and 
Regensburg (for details, see Beierle et al., 2021). The goal of Corona 
Health is to monitor mental and physical well-being during the 
COVID-19 pandemic. The app allows for interdisciplinary collaboration 
with experts from different fields to work together and use different 
questionnaires, sensor data, and smartphone usage statistics. Users can 
download the Corona Health App for free from the Apple Store and from 
the Google Play store. A detailed description for the Corona Health App 
is provided by Beierle et al. (2021). There were no specific criteria for 
recruitment. However, for legal reasons the transmission of app data 
usage was only possible for Android users, so Apple users were excluded. 
The total sample (incl. Apple users) was N=1760, of which N=18 were 
removed due to failure in the plausibility check. 60.4% (N=1,052) of the 
participants used Android, of which 46.6% (N=490) agreed to transfer 
their usage data. The participants who agreed and disagreed to data 
transfer were comparable in variables important for our research ques-
tion such as trait depression (PHQ-score, p = .580) and trait anxiety 
(GAD-score, p = .713), as well as with regard to age (p = .064). Overall, 
slightly more males (54%) than females (41%) agreed to data transfer 
(χ2 = 15.18, p < .001). As an ongoing study, it combines a 
cross-sectional and a longitudinal design, with weekly follow-ups 
starting from July 2020. The present analyses were based on the 
cross-sectional questionnaire and communication app data collected 
between July 2020 and February 2021. This time period represents 
different stages of contact restrictions in which physical distancing was 
encouraged at all times. From July to October 2020, public gatherings of 
up to ten persons were still allowed (Wieler et al., 2021). In response to 
exponentially rising cases (Robert Koch Institut, 2020), social re-
strictions were then gradually tightened, resulting in a strict lockdown 
(December 13 2020 onwards) with the discouragement of group gath-
erings and contacts beyond households and the closing of high-risk 
public places (e.g., restaurants; Wieler et al., 2021). The lockdown 
endured throughout January and February 2021 (Landeszentrale für 
politische Bildung Baden-Württemberg, 2021). 

Within the total sample of 1052 Android users, 490 agreed to the 
transfer of smartphone communication app data. We excluded one 
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person who stated having completed the survey for someone else and 
three other persons due to incomplete data. Finally, we analyzed 486 
data sets (257 females (52.9 %); age average = 42.42 years (SD =
13.28)). Participation was voluntary, and no financial compensation 
was provided. Data collection was approved by the data protection of-
ficer and the ethics committee of the University of Würzburg (No. 130/ 
20-me). Each participant provided informed consent. 

Measures 

Passive sensing of social media use (SMU) 

We collected smartphone communication app usage times for each 
day in the last seven days before answering the questionnaire. The usage 
time covered a selection of ten smartphone communication apps. It re-
fers to the amount of time an app was actively used by a person, rather 
than passively open in the background. We derived the apps relevant for 
answering our research by the average of the daily aggregated usage 
times of social media apps, i.e., Facebook, Instagram, and Snapchat, and 
social instant messenger apps, i.e., WhatsApp, Telegram, Facebook 
Messenger, and Skype Messenger (see also, Wetzel et al., 2021). 

Self-report measures 

Participants’ depression was assessed using a smartphone-based 
Patient Health Questionnaire (PHQ-9; Cronbach’s α = .89; Kroenke 
et al., 2001), with sum scores of 0-4 indicating minimal depression, 5-9 
mild depression, 10-14 moderate depression, 15-19 moderately severe 
depression, and 20-17 severe depression. An exemplary item is “feeling 
down, depressed, or hopeless”. Anxiety was assessed with the General-
ized Anxiety Disorder Scale (GAD-7; Cronbach’s α = .86; Löwe et al., 
2008), with sum scores of 0-4 indicating minimal anxiety, 5-9 mild 
anxiety, 10-14 moderate anxiety, and ≥ 15 severe anxiety. An exem-
plary item is “feeling nervous, anxious or on edge.” For extraversion, we 
used the two extraversion items of the 10-item Big Five Inventory 
(BFI-10; Cronbach’s αextraversion = .75; Rammstedt et al., 2014): “I see 
myself as someone who is outgoing, sociable.” and “I see myself as 
someone who is reserved.” (inverted). APSI was assessed using the 
following question on a Likert scale from 1 (very often) to 5 (never): 
“How often do you have the feeling that positive interactions with 
people who are present relax you?”. To facilitate interpretation, the APSI 
item was inverted (higher values = more appreciation of personal social 
interactions). For the analysis, we used continuous variables of all 
measures. While extraversion covers sociability as a trait, APSI refers 
more specifically to the subjective effect of personal social interactions. 
The item was added to assess the subjective value of personal social 
interactions and its potential effect on SMU and the mental health 
variables. 

Statistical Analyses 

Data analyses were performed using correlation analyses and mul-
tiple linear regression in R-Studio (R Core Team, 2021). First, we tested 
the bivariate correlations between the predictors. Then, we conducted 
two regression models, one with individual PHQ scores and one with 
individual GAD scores as dependent variables and SMU, extraversion, 
APSI, interactions of SMU x extraversion, SMU x APSI, extraversion x 
APSI, and SMU x extraversion x APSI as predictors. Given that gender 
and age are known to correlate with social media use (Blackwell et al., 
2017; Choi et al., 2017; Kircaburun et al., 2020) and mental health (e.g., 
Faravelli et al., 2013; Leach et al., 2008), both variables were included 
as covariates. To account for significant correlations between age and 
APSI as well as gender and extraversion (see below), APSI x age and 
extraversion x gender were added as additional predictors (see Table 1 
for descriptive statistics). Due to its skewness (2.44), we transformed 
SMU by using its square root (as it can be applied to zero values). 
Continuous variables were standardized in both analyses to have a mean 
of 0 and a standard deviation of 1 to obtain standardized β weights. The 
variance inflation factors (VIFs) were < 2.5 (see Table 2), indicating low 
collinearity between the predictors (Johnston et al., 2018; Sheather, 
2009). We have also tested the full models for depression and anxiety 
with main effects and interaction terms between all five predictors, i.e., 
SMU, extraversion, APSI, age, and gender. In these models, many pre-
dictors showed a VIF ≥ 2.5, which according to recent research indicates 
considerable collinearity (e.g., Johnston et al., 2018). Therefore, we 
refrained to include these predictors, as the reliability of results de-
creases with increasing VIFs. Including age and female as main effects 
only, i.e., as covariates in a traditional way, did not affect the reported 
results. In the present sample, 181 individuals scored above the clini-
cally relevant cutoff score of 10 or greater in the PHQ-9 (Kroenke et al., 
2001) and 162 scored above the clinically relevant cutoff score of 10 or 
greater in the GAD-7 (Spitzer et al., 2006). Therefore, we additionally 
computed the models reported above as logistic regressions (1 = above 
the cutoff, 0 = below the cutoff) to make clinically relevant predictions 
for depression and anxiety. Finally, we conducted a sensitivity analysis 

Figure 1. Visualization of the tested model. Extraversion and appreciation of social interactions (APSI) are expected to moderate the relation between social media 
usage (SMU) and mental health outcomes (i.e., depression and anxiety). 

Table 1 
Descriptive statistics.   

M SD min max 

APSI  3.63  0.99 1 5 
extraversion  2.85  1.06 1 5 
SMU  23.94  27.79 0 196 
PHQ  8.67  6.21 0 27 
GAD  7.68  4.95 0 21 
age  42.42  13.28 18 78 

APSI = appreciation of personal social interactions; SMU = use time of social 
media applications (in minutes per day); PHQ = depression score, GAD = anx-
iety score. 
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to evaluate the degree to which the effects were similar when social 
media apps and social instant messenger apps are considered separately. 
Accordingly, we recalculated the previous models separately for each of 
the two subtypes of social media apps. 

Results 

In the present study, the participants reported mild symptoms of 
depression (M = 8.67, SD = 6.21) and anxiety (M = 7.68, SD = 4.95) on 
average. A priori sample size calculation using G*Power Version 3.1.9. 
(Faul et al., 2007) suggested that a minimum sample size of N = 325 is 
sufficient for detecting a small to medium effect of f2 = .08 in a multiple 
linear regression fixed effects model with eleven predictors at a power 
level of .95 and with an error probability of .05. 

Correlation analyses showed that SMU was positively associated 
with extraversion (r = .12) and APSI (r = .11), and that there was a 
positive relationship between extraversion and APSI (r = .24). Gender 
was positively related to extraversion (1 = female; r = .14), indicating 
stronger extraversion scores in females. Age was negatively related to 
APSI, indicating decreasing appreciation with increasing age (r = -.16). 
Exploratorily, we tested for gender differences regarding depression, 
anxiety, extraversion, SMU, and APSI. While there was no difference 
between males and females regarding depression, t(468.03) = 1.85, p =
.065, d = .169, females reported significantly higher anxiety, t(475.9) =
2.87, p = .004, d = .261. Females reported higher levels of extraversion 

compared to males, t(471.75) = 3.17, p = .002, d = .289, and had a 
higher SMU, t(483.9) = 2.97, p = .003, d = .268. For APSI, no difference 
between females and males was found, t(466.59)= 1.43, p = .154, d =
.131. 

First, we tested how age, gender, SMU, extraversion, and APSI pre-
dicted symptoms of depression. The results showed a significant positive 
main effect of SMU, indicating that strong SMU is related to higher 
depression scores (β = .14, s.e. = .05, p = .003), Fig. 2a. There also was a 
significant negative main effect of extraversion, indicating lower 
depression scores in highly extraverted individuals (β = -.26, s.e. = .06, p 
< .001), Fig. 2b. With increasing SMU, highly extraverted individuals 
showed a steeper increase in depression scores as compared to in-
dividuals with low extraversion (see Fig. 2c). A simple slopes analysis 
showed no effect for the slope of SMU when extraversion was low (-1 SD; 
β = .02, s.e. = .07, p = .800). However, for the mean of extraversion (β =
.14, s.e. = .05, p < .001) and for high extraversion (+ 1 SD; β = .25, s.e. 
= .07, p < .001), the slope of SMU was significant. Thus, both average 
and highly extraverted individuals report increasing depression scores 
with increasing SMU. In addition, the results showed main effects of age 
and gender, indicating that depression scores were lower the older in-
dividuals were (β = -.19, s.e. = .05, p < .001) and were higher in females 
compared to males (β = .17, s.e. = .09, p = .048). No other effects were 
significant (see Table 2, left column). 

In addition, we computed a logistic model for depression. The results 
showed a significant main effect of extraversion, indicating that an 

Table 2 
Results of linear regression analyses testing associations of age, gender, appreciation of personal social interactions (APSI), social media use (SMU), and extraversion 
(E) as well as their interactions with depression (PHQ) and anxiety (GAD) scores.   

PHQ GAD   
β (se) t p  β (se) t p  VIF 

Age  -.19 (.05)  -4.32  < .001   -.10 (.05)  -2.16  .031   1.12 
Gender  .17 (.09)  1.98  .048   .25 (.09)  2.83  .005   1.05 
APSI  -.07 (.05)  -1.58  .116   -.03 (.05)  -0.54  .586   1.15 
SMU  .14 (.05)  2.94  .003   .14 (.05)  3.05  .002   1.17 
E  -.26 (.06)  -4.07  < .001   -.23 (.07)  -3.41  < .001   2.31 
SMU x E  .12 (.05)  2.47  .014   .07 (.05)  1.48  .139   1.15 
SMU x APSI  -.05 (.05)  -1.08  .281   .01 (.05)  0.16  .873   1.20 
APSI x E  -.02 (.04)  -0.52  .601   -.04 (.04)  -1.05  .293   1.10 
APSI x age  .02 (.04)  0.40  .688   .05 (.04)  1.12  .263   1.11 
E x gender  -.12 (.09)  1.36  .173   .18 (.09)  1.91  .057   2.22 
SMU x E x APSI  .02 (.04)  0.47  .641   -.01 (.04)  -0.33  .742   1.14           

Adjusted R2 .12 .07  

Note. VIF = variation inflation factor; gender is a dummy variable, female = 1, male/diverse = 0 

Figure 2. Multiple regression results for depression. (A) Social media usage (SMU) is linked to higher depression scores. (B) Higher trait extraversion is associated 
with lower depression scores. (C) Based on a median split (median = 3), the influence of SMU on depression is visualized for individuals low and high on extra-
version. Persons with high extraversion show a steeper increase in depression scores with increasing SMU as compared to low extraverted individuals. Shaded areas 
indicate the 95% confidence intervals. 
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increase in extraversion decreases the odds of being above the clinically 
relevant cutoff (z = -2.62, p = .008, Odds Ratio (OR) = .66). In contrast, 
the interaction between SMU and extraversion increases the odds of 
being above the cutoff (z = 2.70, p = .007, OR = 1.36). In addition, 
increasing age also decreases the odds of being above the cutoff score (z 
= -4.12, p < .001, OR = .63). No other effect was statistically 
significant. 

Second, we conducted the same analyses to test the effects of age, 
gender, SMU, extraversion, and APSI on anxiety, captured by individual 
differences in GAD scores. The results showed a significant positive main 
effect of SMU, indicating that strong SMU is related to higher anxiety 
scores (β = .14, s.e. = .05, p = .002), and a significant negative main 
effect of extraversion, indicating lower anxiety scores in highly extra-
verted individuals (β = -.23, s.e. = .07, p < .001). Similar to depression, 
older age was linked to lower anxiety scores (β = -.10, s.e. = .05, p =
.031), and females showed higher anxiety scores than males (β = .25, s. 
e. = .09, p = .005). There were no other significant effects (see Table 2, 
right column). However, the interaction between extraversion and 
gender was marginally significant (β = .18, s.e. = .09, p = .057). 

Again, we used a logistic model to predict clinically relevant symp-
toms of anxiety. The results also showed that an increase in extraversion 
decreases the odds of being above the clinically relevant cutoff for 
anxiety (z = -3.07, p = .002, OR = .60). The main effect of SMU indi-
cated that an increase in SMU increases the odds of being above the 
cutoff score (z = 2.13, p = .033, OR = 1.26). No other effect yielded 
significance. 

Sensitivity Analyses 

For depression, all significant results from the confirmatory model 
were also significant in the model with social instant messenger apps 
only as proxy for SMU. Thus, SMU, the interaction between SMU and 
extraversion, as well as female gender were associated with higher levels 
of depression, whereas extraversion and age were related to lower levels 
of depression. However, in the model including social media apps only 
for SMU, the interaction between SMU and extraversion did not reach 
significance (p = .253). All other significant effects from the hypothe-
sized model remained significant and in the same direction. 

Regarding anxiety, the results from the confirmatory model were 
also significant in the model with social media apps only as proxy for 
SMU and the effects pointed in the same direction as for depression. In 
contrast, the model with social instant messenger apps only as proxy for 
SMU revealed an additional significant interaction between SMU and 
extraversion (β = .16, s.e. = .05, p = .001). 

Exploratory Analyses 

To test for the specificity of our effects, especially the interaction 
between personality (i.e., extraversion) and SMU as predictor for 
depression, we recalculated the models for depression and anxiety 
separately for the other four Big Five personality traits, i.e., agreeable-
ness, conscientiousness, neuroticism, and openness (i.e., eight models in 
total). The results are summarized in Tables S1-S4 in the supplemental 
material. These models did not show any interaction including SMU, 
neither for depression nor for anxiety. Importantly, across all models, 
there was only one interaction term that reached significance. For 
depression, the interaction between neuroticism and APSI (β = -.08, s.e. 
= .04, p = .044) indicated decreasing depression scores for individuals 
high on neuroticism who appreciate social interactions. 

Discussion 

In the present study, we investigated whether the association be-
tween social media use (SMU) and depression and anxiety is moderated 
by individual differences in extraversion and the appreciation of social 
interactions (APSI). To quantify social media use objectively, we used 

recorded smartphone data from the Corona Health App. 
The regression models showed that both depression and anxiety were 

related to increasing SMU (i.e., a harmful effect), which is consistent 
with previous literature (Boursier et al., 2020; Lin et al., 2016; Vannucci 
et al., 2017; Zhong et al., 2021). This might be a hint that the beneficial 
effects of face-to-face interactions do not transfer to virtual interactions 
(Cornwell and Waite, 2009; Sacco and Ismail, 2014), which would 
contradict previous findings showing that SMU may compensate for a 
lack of personal interactions during physical distancing (Banerjee and 
Rai, 2020; Naslund et al., 2016; O’Keeffe et al., 2011). Instead, more 
engagement in SMU was generally associated with lower mental health 
(Yoon et al., 2019). At the diagnostic level of clinically relevant severity, 
this effect was significant only for anxiety, as revealed by logistic 
regression analysis. However, such potential mechanisms need to be 
tested empirically by further research, as our data lack information 
about the quality and motivation of the interaction. 

Previous findings imply a moderating role of extraversion on the 
relation between SMU and mental health (Soto and John, 2017). As 
expected, extraversion correlated positively with SMU and therefore 
might be the reason for the mental health-depriving behavior (Lin et al., 
2016; Vannucci et al., 2017). In line with previous findings (Al-Omiri 
et al., 2021), extraversion was also shown to be a protective factor for 
mental health, even in times of contact restrictions during a pandemic. 
However, this is only true if one exclusively considers the main effect of 
extraversion. For the relation between SMU and depression, a particu-
larly relevant interaction effect emerged. While SMU was related to an 
impaired mental health and extraversion had a beneficial effect per se, 
the interaction between extraversion and SMU showed that the harmful 
effect of SMU becomes more dominant with increasing levels of extra-
version. In individuals with average or high extraversion scores, SMU 
was related to an increase in depression. This interaction was also pre-
dictive for clinically relevant levels of self-rated depression in the pre-
sent sample, as indicated by the results of logistic regression analysis. 
This is an important extension of previous findings that failed to show a 
moderating effect of extraversion on the relationship between SMU and 
mental health (e.g., Simoncic et al., 2014). Moreover, the exploratory 
analyses on the other four Big Five personality traits confirmed that this 
moderation effect is specific to extraversion as no other trait showed a 
significant interaction with SMU. However, our sensitivity analysis 
showed that social instant messenger apps might play a more important 
role than social media apps. One reason for this could be that instant 
messenger apps are largely used actively (chatting), whereas social 
media apps are also used passively (viewing pictures and videos). 
Further research is needed to distinguish between different levels of 
activity in SMU and their impact on mental health. 

Interestingly, extraversion was also related to lower anxiety scores, 
but we were not able to show an interaction effect of extraversion and 
SMU, similar to depression, for anxiety (although the trend of the data 
points in the same direction). Only when distinguishing between social 
media and social instant messenger apps, we were able to show the 
interaction with the messenger apps in the model. This particular feature 
may point to a narrower definition of the constructs "social media use" 
that could be useful for further studies. Possibly, a measure more closely 
related to social situations is required here. As has been shown in pre-
vious research, the GAD-7 is a useful measure for rather heterogeneous 
samples, but may not be particularly well-suited for individuals with 
social anxiety disorders (e.g., Beard and Björgvinsson, 2014). Thus, 
future studies addressing the interaction between extraversion and SMU 
in relation to (social) anxiety should include a measure specifically 
targeting social anxiety. 

Our findings show additional factors influencing SMU and mental 
health. Next to extraversion, APSI was also linked to SMU. We did not 
find a significant interaction between APSI, extraversion, and SMU for 
both depression and anxiety, nor a main effect of APSI. However, the 
correlation analysis showed that individuals who relax through direct 
social interactions are also more likely to be extraverted. This fits with 
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extraverts’ higher tendency to seek social contacts (Swickert et al., 
2002). On the other hand, this correlation between APSI and extraver-
sion is rather weak, which is why APSI seems to measure something 
fundamentally different from extraversion. However, since APSI had no 
effect in our models, this does not seem to be highly relevant for the 
present research. 

As in previous studies, older age was associated with lower SMU 
(Hardy and Castonguay, 2018) and with lower depression and anxiety 
scores. This supports evidence that with older age, individuals have 
more positive social interactions (e.g., Luong et al., 2011), which might 
also include interactions via SMU. Also, as found previously, women 
showed higher SMU (Choi et al., 2017) and increased levels of symptoms 
of depression and anxiety (e.g., McLean et al., 2011) compared to men. 

Limitations and Outlook 

There are some limitations which need to be addressed when inter-
preting the present findings. First, there are factors which reduce the 
generalizability of the results. For example, the sample is expected to 
include accessibility and recruitment bias, and data protection regula-
tions prevented the collection of app usage data on smartphones running 
iOS. In addition, participants had different starting times during the 
survey period, depending on when they installed and used the Corona 
Health App. In Germany, the COVID-19 pandemic resulted in a large 
number of different measures for virus control which varied widely from 
state to state. Therefore, it remains unanswered which specific COVID- 
19-related contact restrictions directly impact SMU and mental health. 
Second, the results are based on the premise that participants filled in 
their data honestly. This may be impaired due to the fact that consents 
are often read inaccurately (see Beierle et al., 2020). Third, the average 
SMU of approximately 24 min/day (192 min/week) was lower 
compared to other studies with considerably younger participants (e.g., 
61 min/day, age range 19-32; Lin et al., 2016). Nevertheless, our results 
showed that even in a sample with low SMU, potentially positive aspects 
of SMU like connectedness and reduced loneliness (Banerjee and Rai, 
2020) should be treated with caution as other factors like avoidance 
behavior or personality traits which have negative associations with 
SMU and mental health need to be considered. However, these effects 
need to be studied in more detail, ideally in longitudinal studies that 
allow for conclusions about the causality of the individual mechanisms 
and their improvement or deterioration over time. Finally, our analyses 
focused on objectively assessed app usage durations. However, there are 
a number of other factors contributing to the effect of SMU on mental 
health, including the type of social media sites used (Ilakkuvan et al., 
2019) and the purpose behind the SMU. Future research should include 
both quantitative and qualitative aspects of SMU. 

To elucidate the underlying causal relationships between SMU, ex-
traversion, and mental health, further research needs to build more 
complex SMU quantity models. For example, studies indicating less 
"productive" app use through a higher app switching rate could be an 
indicator of a different usage pattern between depressed and non- 
depressed individuals. Furthermore, the results presented here should 
be retested in a clinical sample and confirmed or revised. 

Conclusion 

In summary, we were able to show that social media use has the 
expected negative association with mental health. Despite the general 
positive influence of extraversion, extraverted individuals also show a 
deterioration in depression scores when engaging in increased social 
media use. Our findings may be relevant for clinical practice, in which 
individuals respond differently to therapy. In the treatment of depres-
sive symptoms, but also potentially in the treatment of smartphone 
addiction, a differential perspective which integrates basic personality 
traits could allow for a more nuanced and individualized approach to 
clinical manifestations and therapy. 
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