Social media and health - 1

Sleep quality mediates the effect of social media use on immune function

and physical health

Grace Connor and Phil Reed

Swansea University, UK

Corresponding author: Grace Conner,
Department of Psychology,
Swansea University,
Singleton Park,
Swansea, SA2 8PP, UK.

e-mail: 850925@swansea.ac.uk

Short title: social media and health

Accepted in: Journal of Technology in Behavioral Science,

October (2024).


mailto:850925@swansea.ac.uk

Social media and health - 2

Abstract

A large proportion of individuals report feeling addicted to social media, but research
into the physical implications of social media use is limited. This study examined 81
participants (aged 18 — 64), and explored their social media use (Bergan Social Media
Addiction Scale), immune function (Immune Function Questionnaire), physical health
(Physical Health Questionnaire), diet (Diet and Behavioural Scale), activity level
(International Physical Activity Questionnaire Short Form), sleep (Brief Version of the
Pittsburgh Sleep Quality Index), and depression and anxiety levels (Hospital Anxiety and
Depression Scale). Higher levels of social media addiction were related to worse immune
function, and worse physical health, but sleep quality mediated the relationship in both cases.
These results suggest that disrupted sleep as a result of social media addiction could be
responsible for reduced immune function and worse physical health, and chronic
inflammation could explain the poor sleep and reduced immunity and physical health
relationship.
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Social media use has demonstrated a year-by-year growth, and, since 2020, an extra 1
million people report using social media platforms, bringing the estimated worldwide usage
to 4.9 billion in 2023. Evidence suggests that individuals spend approximately 2:35 hours
daily on social media a day (Ruby, 2023). The rise social media usage from 2019 may be
attributed to the impact of the Covid-19 pandemic that limited chances to socialise other than
through digital means (Chaturvedi et al., 2021, Sasaki et al., 2020, Squire, 2021). Current
research also shows rising numbers of people reporting social media addiction (Li et al.,
2021; Onukwuli et al., 2023). In one study, 40% of online users aged 18-22 stated they felt
addicted to social media (Dixon, 2022), with users reporting the uncontrollable need to use
social media, and devoting so much time to it that it impacted other areas of their lives
(Hilliard, 2023). This rise in social media use and reported social media problematic usage
strengthens the argument for fully understanding that the impact social media can have on all
aspects of physical and psychological health.

Social media addiction may be regarded as a compulsive-impulsive spectrum
disorder, where individuals excessively make use of social media platforms, and experience
withdrawal if unable to access it (Block, 2008; Reed, 2023; Reed & Haas, 2023). In addition,
individuals often experience negative repercussions from their internet use, such as social
isolation (Block, 2008; Dalvi-Esfahani et al., 2019). The psychological impact of social
media has been widely researched, with studies finding many positives and negatives
associated with its use (Keum et al., 2022). Uhls et al. (2017) found that teenagers using
social media experienced increased social support, self-esteem, and social capital, and 90% of
adolescent users stated they used social media to connect with friends every day to make and
maintain friendships. Keum et al. (2022) reported that while students who spent more time
on social media experienced greater life satisfaction and social connectedness, they also

reported more depression, anxiety, anger, loneliness, and distress. This pattern is in line with
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previous findings, which indicate that frequent social media usage is associated with greater
risk of anxiety and depression (Gao et al., 2020; Zhao & Zhou (2020).

Despite the large amount of research on psychological and social impacts, research
into the physical repercussions is limited. Reed et al. (2015) noted a relationship between
higher problematic internet use and worsened immune function. Reed et al. (2015) suggested
the relationship may be explained by cortisol and sympathetic nervous system activation
which suppress the immune system, but exactly how excessive digital use impacts health is
unclear. In this regard, lifestyle factors affected by problematic social media use may exert
an impact on physical health.

High levels of social media use negatively impact sleep (Fung et al., 2021), diet
(Byun et al., 2021), and exercise (Islam et al., 2020), and these behaviours have adverse
effects on health (Booth et al., 2012; Lee & Park, 2015; Lueke & Assar, 2022; Tanaka et al.,
2002). It may be the social media use relationship with poor immune function is mediated by
social media impacts on lifestyle. Individuals who spend more time on social media are less
likely to engage in physical activity, and individuals who are obese use social media more
than healthy individuals, possibly due to a more sedentary lifestyle (Islam et al., 2020). Fung
et al. (2021) noted increased social media use resulted in significantly reduced physical
activity. For people struggling with problematic social media usage, reduced physical
activity could impact overall level of health and immune functionality.

Social media use has been found to be negatively correlated with total sleep time
(Fung et al., 2021). Nguyen et al. (2022) noted poor sleep quality is associated with
excessive internet use. As a loss of sleep quality is directly linked to poor immune function
(Lueke & Assar, 2022), sleep may be a mediator for problematic internet use and immune

function.
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Byun et al. (2021) found longer leisure-related internet use was linked to less healthy
dietary habits, including reduced intake of fruit and vegetables, and a higher intake of high
density easy to cook meals, such as fast food and instant noodles. Hinojo-Lucena et al.
(2019) suggested problematic internet usage leads to sedentarism, which results in a diet of
easily accessible junk food over well-balanced meals. Ying Ying et al. (2020) demonstrated
that internet addicted adolescents experienced excessive carbonated drink and fast-food
intake, and reduced intake of fruit and vegetables. An imbalanced diet results in poor
nutrition and a lack of necessary minerals and vitamins which the body needs to continue to
function healthily (Shergill-Bonner, 2017). Thus, there is a possibility that diet could mediate
the relationship between problematic internet use and immune function.

Although it is important to note that temporal and causal relationships between social
media use and physical factors such as health and lifestyle have not been definitively
established, and it may well be that there is a bidirectional relationship, much research does
assume that a key relationship is that social media use adversely impacts lifestyle and
physical factors (Fung et al., 2021; Kulandairaj, 2014; Reed et al., 2023; Zang et al., 2022).
The above suggests social media affects lifestyle behaviours, which, in turn, may damage
health. This study examines these possibilities by exploring whether the previously noted
relationship between social media use and immune function (Reed et al. 2015) was the
product of mediating health behaviour factors. To this end, exercise, diet, and sleep, along
with anxiety and depression, were examined as potential, mediators of any effects of social
media on physical health or immune function. This study used a correlational design to
examine sleep, diet, exercise, anxiety and depression as possible mediators, with social media
use being investigated as the predictor variable and immune function and health as the
outcome variables. Although this design would not necessarily allow strong evidence of

causation, given the difficulties in manipulating the variables, mediation analyses remain the
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design of choice in the literature (Fung et al., 201; Zang et al., 2022), and provide evidence of
the degree of association between social media use and health when the impact of lifestyle

factors are controlled.

Method

Participants

Participants were recruited via adverts on social media (via Instagram, Facebook, and
WhatsApp) as the study was aimed at those who used social media. The inclusion criteria for
the study required participants to be over the age of 18. In total, 92 people completed the
study, with 11 participants being excluded due to incomplete surveys. Of the remaining 81
participants, there were 19 male participants, 59 female participants, 2 non-binary
participants, and 1 participant who preferred not to disclose their gender. The mean age of
participants was 23 years (range = 18 to 64). A priori power analysis conducted using
G*Power version 3.1.9.7 suggested the minimum sample size required for 80% power in
detecting a medium effect, at a significance criterion p < .05, was 55 for a linear multiple
regression. Ethical approval was obtained through the University’s Department of

psychology Research Ethics Committee.

Materials

Bergen Social Media Addiction Scale (BSMAS; Andreassen et al., 2016)_is a 6-item
measure assessing components of addiction relating to social media. Responses are collected
on a 5-point Likert scale, giving a total possible score is 30, with scores of below 12
indicating a normal relationship with social media, 12-18 indicating a problematic
relationship, and scores of above 18 indicating an addiction to social media. The scale had

good internal reliability for the current sample (a = .76).
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Immune Function Questionnaire (IFQ; Reed et al., 2015) measures the frequency of
symptoms associated with poor immune function. There are 19 statements directly
measuring immune function symptoms via a 5-point likert scale, scored 0 to 4. Scores range
from 0-97, with higher scores reflecting worse immune function. The measure displayed
high internal reliability for the current sample (« = .82). An additional 6 statements are
included to measure secondary lifestyle implications resulting from poor immune function,
via a 4-point likert scale woth scores ranging 0-3. Two more questions assess participants
health related lifestyle choices via smoking and drinking, and a final question assesses
participants views of their immune function.

The Physical Health Questionnaire (PHQ; Schat & Kelloway, 2000) assesses
physical health via examining the frequency of physical symptoms participants experienced.
The scale consists of 14 questions, rated on a 7-point Likert scale. Scores range from 14 to
98, and higher scores reflected worse physical health. The internal consistency of the scale
was high within this study (a = .85).

Diet and Behavioural Scale (DABS; Richards et al., 2015) assess participants intake
of common dietary variables. There are 29 questions, 18 examine frequency of consumption
on a 5-point scale; 11 questions ask about amounts they consumed, and responses are split
into 5 percentiles scored 1-5. The scores are combined to create 4 separate scales: junk food
scoring 6 to 30; caffeinated soft drinks and gum, scoring 5 to 25; healthy foods, scoring 3 to
15; and hot caffeinated beverages, scoring 4 to 20. For all scales, a higher score indicates a
higher intake. The scales showed internal reliability for the current sample between .59 and
78.

International Physical Activity Questionnaire Short Form (IPAQ-TM; Craig et al.,

2003) measures active using 7 questions. Multiples of the Resting Metabolic Rate (MRMR)
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is calculated for each activity and combined, with higher scores representing more physical
activity. The internal reliability for the current sample was o = .42.

Brief Version of the Pittsburgh Sleep Quality Index (B-PSQI; Sancho-Domingo et
al., 2021) measures the quality of sleep. The measure comprises 6 questions, measuring 5
different sleep components: sleep efficiency, sleep latency, sleep duration, sleep disturbance,
and subjective sleep quality. Overall scores range from 0 to 15, where a higher score
indicates worse sleep quality. The internal reliability score for the current sample was o =
61.

Hospital Anxiety and Depression Scale (HADS; Snaith, 2003) measures anxiety and
depression. It consists of 14 items (7 anxiety; 7 depression), each question is scored from 0-
3. When scoring anxiety and depression separately, scores of 0-7 are considered normal,
scores of 8-10 are considered mild, scores of 11-14 are considered moderate, and scores of
15-21 indicate sever anxiety or depression. The internal reliability was a = .80 for anxiety,
and o = .76 for depression.

Demographic Questions were included to measure age, gender, and hours spent per

week on social media for both personal and work-related use.

Procedure

Participants were recruited via social media. Participants responded to a link posted
on social media platforms (Instagram, WhatsApp, and Facebook), where the link was shared
alongside a description of the study. Participants were first presented with the information
sheet, detailing the aims of the study, and how this data would be used. If participants were
happy to proceed, they were directed to the consent form, where they gave informed consent,
and declared they were over 18. Participants were then shown the first questions on general

demographics, followed by the Bergen Social Media Addiction Scale, Immune Function
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Questionnaire, Hospital Anxiety and Depression Scale, Brief Pittsburgh Sleep Quality Index,
The Diet and Behaviour Scale, Physical Health Questionnaire, International Physical Activity
Questionnaire — Short Form. There was no time limit to complete these questions, allowing
candidates to spend time to think through their answers. Participants were able to withdraw
from the study without penalty at any time. After answering all the questions appropriately
participants were then shown the debrief sheet where candidates were told that the survey
was investigating social media addiction and its effect on immune function and provided

links to outside support and contact details for the researchers.

Data Analysis

All variables were checked for outliers and normality of distribution, and, in all cases,
were found to be acceptable for inclusion in parametric analysis. Initially relationships
between the predictor (SMA) and outcomes (immune function, and health) were assessed
using Pearson correlations, as were the relationships between the predictor (SMA) and
outcomes (immune function, and health) with the potential mediators (sleep quality, activity,
healthy eating, junk food consumption, anxiety, and depression). On the basis of these
analyses, and the a priori assumptions about potentially important variables, outlined in the
literature review above, mediation models using PROCESS v3.5 (Hayes, 2013) for SPSS

(v.26), employing 5000 bootstrap samples, were conducted.

Results
The mean hours per day spent on social media for personal use reported by
participants was 2.81 (+ 2.10; range = 0 — 12), and this was .29 (+ .49; range = 0 — 2) for
professional purposes. The mean score for social media addiction levels (SMA) was 16.37 (+

SD =4.49). On the basis of the scale cut-offs: 14% of participants indicated normal use of
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social media (score < 12); 54% of participants indicated problematic use (score = 12 — 18);

and 32% of participants indicated and social media addiction (scores > 18).

Figure 1 about here

Figure 1 shows Pearson correlations between social media addiction (SMA),
hours/day social media for personal use (personal) and work use (work), immune function
(IFQ), and physical health (PHQ), along with scatterplots showing 95% confidence intervals,
and distributions for each variable. These data reveal positive correlations between SMA and
with hours per day social media for personal use, » = .241, p = .030; a positive correlation
between SMA score and poorer physical health, » =.252, p = .025; and a positive correlation

between poorer physical health and worse immune function, » =.579, p <.001.

Figure 2 about here

Figure 2 shows the Pearson correlations between the potential mediators (sleep
quality, activity, junk food consumption, health eating habits, anxiety, and depression), along
with scatterplots showing 95% confidence intervals, and distributions for each variable.

There were positive correlations between poorer sleep quality and anxiety, » = .356, p <.001,
and depression, » = .331, p = .003; negative correlations between healthy eating and anxiety, »
=-.240, p = .036, and depression, = -.268, p = .011; and a positive correlation between

anxiety and depression, » = .484, p <.001.

Table 1 about here
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Table 1 shows the Pearson correlations between social media addiction (SMA),
immune function (IFQ), and physical health (PHQ), with each of the potential mediator
variables (sleep quality, activity, healthy eating, junk food consumption, anxiety, and
depression). There were positive correlations between higher SMA and both greater anxiety
and greater depression; worse immune function and each of poorer sleep quality, greater
anxiety, and greater depression; and between worse physical health and poorer sleep quality,
more junk food consumption, greater anxiety, and greater depression.

The mediator variables for further analysis were selected on the basis of their
relationship with SMA, IFQ, and PHQ. On this basis, sleep quality, anxiety and depression
were selected for further analysis to determine whether they mediated the relationship
between SMA levels and immune function, and SMA levels and physical health. Although
sleep did not correlate significantly with SMA, it was retained as a potential mediator due to its status

in the previous literature, and also as the significance of a correlation is not necessarily the only

indicator of whether it reflects an important relationship (especially as a potential mediator).

Figure 3 about here

The top panel of Figure 3 shows a moderation analysis for social media addiction as
the predictor, immune function as the outcome, and anxiety, depression, and sleep quality as
mediators. There were positive associations between SMA and each of the mediators, but
only a positive association between poor sleep quality and worse immune function. The
direct effect of SMA on immune function was not significant (effect = -.089; lower:upper
values = -.572:.394). There was a significant indirect effect of SMA on immune function
mediated by sleep quality (effect = .130; .028:.339), but no mediated relationship through

either anxiety (effect =.110; -.086:.352) or depression (effect = .090; -.105:.334).
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The bottom panel of Figure 3 shows a moderation analysis for social media addiction
as the predictor, physical health as the outcome, and anxiety, depression, and sleep quality as
mediators. There were positive associations between SMA and each of the mediators, and
positive associations between poor sleep quality and worse physical health, and worse
anxiety and worse physical health. The direct effect of SMA on physical health was not
significant (effect = -.003; -.594:.589). There was a significant indirect effect of SMA on
physical health mediated by sleep quality (effect = .182; .072:.445), and anxiety (effect =

.340; .028:.717), but not depression (effect =.223; -.035:.615).

Discussion

The current study investigated the relationship between social media addiction levels
and immune function and physical health, to build on findings of a link between internet
addiction and reduced immune function (Reed et al., 2015), whilst examining the role of
lifestyle variables including diet, exercise, sleep, anxiety, and depression. The key finding
was that sleep mediated the relationships between social media use and both poor physical
health and poor immune function, the former was also mediated by anxiety. Although there
was no direct relationship between social media use and physical health or immune function,
the relationship became significant when sleep acted as a mediator. Whilst these findings do
not provide evidence for the hypothesis that problematic internet use increases nervous
system and cortisol activation, which, in turn, impacts immune function (Reed et al., 2015),
they suggest increased social media use decreases sleep duration and quality (as well as
increasing anxiety) and these have a detrimental effect upon the general health and immune
function.

There are a number of explanations regards the mechanisms behind the association of

social media addiction and sleep. Individuals who excessively use social media may sleep
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less because they are using social media instead of sleeping, or as they struggle to fall asleep,
resulting in less hours sleep per night. Electronic devices used to access social media emit
blue light, which is on the short wavelength spectrum, and which can impacting melatonin
production and disrupt natural circadian rhythms (Heo et al., 2017; Tahkamo et al., 2018).
This may explain how social media usage can negatively impacts sleep. Alternatively, social
media use may increase arousal, making it harder to relax. Social media usage prior to sleep
attempts could result in individuals taking longer to fall asleep due to increased arousal levels
(Harbard et al., 2016). Finally, individuals may engage with social media when they would
otherwise be asleep, thus reducing the amount of sleep, as they sacrifice sleep in favour of
social media use (Scott & Woods, 2018).

The relationship between sleep and the immune system is strongly evidenced. The
immune system uses cytokines to coordinate immune responses; and natural killer cells, T
cells and B cells, to target pathogens and carry out the immune response. Sleep deprivation
has been linked to a decline in killer cell activity, making the immune system less active and
hence reducing immunity (Motivala & Irwin, 2007). Over a prolonged period, the effects of
sleep deprivation progress from reduced immunity to impacting an individual’s physical
health. Sleep deprivation causes excessive stress on the body, which results in a stress
response that increases pro-inflammatory cytokine levels, increasing inflammatory activity in
the body, often described as chronic low-grade inflammation (Besedovsky et al., 2011). This
response is enhanced by high levels of cortisol from the stress response (Kuna et al., 2022;
Vgontzas et al., 2004).

Future research could focus on the causes of the negative impact of sleep on immune
function and physical health. Previous research provides possible explanations as to how
sleep mediates social media use with immune function and physical health (Fung et al., 2021;

Nguyen e al., 2022). For example, use of social media has been found to reduce levels and
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quality of sleep (Fung et al., 2021; Nguyen et al., 2022). In turn, poor sleep quantity and
quality has been found to produce worse immune function (Lueke & Assar, 2022). This
possible chain may form the basis for future research with a longitudinal component to
develop testable hypotheses, which could be used to work on a solution for reducing the
impact social media has on health.

There are limitations to this study which need to be noted. The sample was recruited
online, which means it may not be fully representative of the population, as the sample would
have not collected anyone who did not use social media. However, social media users were
the target population, and the sample did have a wide age range and a mix of male and female
participants. A larger sample size may also help explore these associations with a greater
degree of confidence, although power assumptions were met. It should also be
acknowledged that this study was a correlational one, so cause and effect cannot be
established. It could be that lifestyle factors and health impact social media use, rather than
the other way around, or that there exists a bidirectional relationship between these factors.
However, evidence suggests that the relationship from social media use to lifestyle and
physical factors is a key one in this regard (Fung et al., 2021; Kulandairaj, 2014; Zang et al.,
2022). Certainly, studies that have manipulated social media use as an independent variable
have noted impacts on health (Reed et al., 2023). Nevertheless, future longitudinal research
is recommended to fully assess the sleep-mediated relationship of social media use and
immune function and physical health.

In summary, this report established a link between higher levels of social media
addiction and poor immune function and physical health. However, this link was largely
mediated by sleep. It was suggested that blue light, arousal, and increased social media

engagement, could be responsible for decreased sleep, and poor immune function and health
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could be explained by reduced immune responses and chronic inflammation. Further

research into both these areas could build on the findings this paper has established.
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Table 1: Pearson correlations between personal social media addiction, immune
function (IFQ), physical health (PHQ), and the potential mediator variables.

Sleep Activity Healthy Junk Anxiety Depression
SMA 172 .149 -212 138 421 H* 4047 *
IFQ 433wk .038 -.155 .050 287%* 270%*
PHQ S56%** 161 -.116 216* S08#** A456%**

*p<.05; **p<.01; ***p<.001
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Figure 1: Pearson correlations between social media addiction (SMA), hours/day social
media for personal use (personal) and work use (work), immune function (IFQ), and
physical health (PHQ), along with scatterplots showing 95% confidence intervals, and
distributions for each variable.
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Figure 2: Pearson correlations between sleep quality, activity, junk food consumption,
health eating habits, anxiety, and depression, along with scatterplots showing 95%
confidence intervals, and distributions for each variable.
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Figure 3: Results of a mediation analysis between the social media addiction (SMA),
meditators (sleep quality, anxiety, and depression), and immune function (Top panel)
and physical health (bottom panel). Solid lines are significant relationships (the
thickness of the line reflects the degree of significance), and dotted lines represent
nonsignificant relationships.
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