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Problematic social media use is increasingly recognized as a heterogeneous
phenomenon; yet the cognitive and psychophysiological mechanisms underlying
distinct user profiles remain poorly understood. This study examines the rela-
tionship between cognitive control, stress regulation, and the psychophysiolog-
ical response to social media stimuli using a multidimensional approach. Using a
three-phase protocol (baseline, task, and recovery), inhibitory control was as-
sessed alongside objective biomarkers—heart rate variability (SDNN), salivary
alpha-amylase (sAA), and salivary oxytocin—across three distinct psychophysio-
logical profiles. The functional profile (FP) showed the highest cognitive perfor-
mance (M = 76.75, SD = 2.61), a significant within-profile post-task SDNN increase
(p =.003), and a progressive decrease in salivary sAA from baseline to the recovery
phase (p = .001). The compulsive use profile (CUP) exhibited intermediate
performance (M = 73.44) with a descriptive pattern of sympathetic reactivity
during exposure and apparent subsequent autonomic recovery (p = .033, not
surviving Bonferroni correction); this pattern is considered exploratory and should
be interpreted with caution. The distress-associated profile (DAP) showed signif-
icantly more omissions both in the general task (H (2) = 6.47, p = .039) and
specifically in response to social media stimuli (H (2) = 6.36, p = .042), as well as
significantly fewer correct rejections to social media stimuli (H (2) = 6.36, p =
.042), compared to the functional profile (DAP vs. FP: U = 69.00, Z = -2.55, p =
.011). No significant between-group differences were found in false alarms or
reaction time to social media stimuli. Taken together, these preliminary findings
suggest that problematic social media use may not be homogeneous: while some
users maintain recovery mechanisms, others show patterns suggestive of height-
ened reactivity and reduced biological flexibility, suggesting that, if replicated in
larger and more controlled samples, these findings may inform the development
of profile-differentiated intervention approaches.
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Introduction

Problematic social media use is increasingly recognized as a
heterogeneous phenomenon, with accumulating evidence indicat-
ing that not all users who engage extensively with social media
experience the same psychological or physiological consequences.
Understanding this heterogeneity requires moving beyond behav-
ioral self-report measures toward an integrated, multidimensional
assessment that combines cognitive performance with objective
physiological indicators. The present study addresses this need by
examining inhibitory control alongside multiple stress biomarkers
across distinct user profiles, with the aim of determining whether
these profiles are psychophysiologically distinguishable.

Despite their recent emergence, social media platforms have
established themselves as a widespread social phenomenon. Their
ease of access, wide range of options and user-friendliness enable
users to remain connected, entertained and informed, which has led
to a large and ever-growing user base.

Given this exponential growth, it is unsurprising that scholarly
attention to its potential problematic use, operationalized in this
study as Problematic Smartphone and Social media Use (PSNUS),
has grown substantially (1, 2), as well as its link to psychological
distress (anxiety or depression) (3, 4), physical distress (such as
insomnia and a sedentary lifestyle) (5) and even its potential
addictive nature (6).

The constant presence of social media notifications in modern
life acts as a socially relevant stimulus, capable of activating
attentional, motivational and social systems (7) and thus providing
reinforcing value for all users (8, p.14). However, this response does
not appear to manifest uniformly across all users (9), in turn with
heterogeneous consequences across individuals.

The present study is primarily framed within the stress-strain-
outcome (SSO) model (10, 11), which posits that individual
predisposing factors shape emotional strain in response to envi-
ronmental stressors, leading to differentiated behavioral and phys-
iological outcomes. This framework is complemented by
considerations from the SORCAN model (12) and the I-PACE
model (13) to interpret profile-specific patterns of emotional
regulation and compensatory use, respectively. Rather than seeking
to resolve the debate between addiction-based and distress-based
conceptualizations of problematic social media use, this study
adopts a profile-based approach, examining whether distinct psy-
chophysiological signatures, rather than a single unifying mecha-
nism, characterize different patterns of social media engagement.

Problems associated with social media use have been linked to
symptoms similar to those described in substance use disorders (14).
Due to the ‘confirmatory approach’, which involves reusing the
criteria for substance use disorder to define and assess behavioral
addictions (6), the vast majority of these studies have examined the
core characteristics of substance addiction; some of these character-
istics include attention, impulsivity, inhibitory control, and emotional
distress associated with consumption or abstinence (15-17).

This approach has found significant scientific relevance in the
consequences and characteristics of this more impulsive/problem-
atic or addictive profile using similar techniques; for example, the
use of the Go/Nogo paradigm, the gold standard for measuring the
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ability to suppress irrelevant stimuli (inhibitory control), impulsiv-
ity and attention. These core executive functions have been shown
to be compromised in individuals with substance and behavioral
addictions (18-21).

The theoretical rationale for applying the Go/NoGo paradigm
to the study of problematic social media use stems from the dual-
process model of addictive behavior, which posits that addictive and
compulsive behaviors are maintained by an imbalance between
automatic, reward-driven approach tendencies toward salient cues
and the top-down inhibitory control needed to suppress these
tendencies (22, 23). Within this framework, social media notifica-
tions function as conditioned cues that, through repeated associa-
tion with social and emotional reward, acquire incentive salience
and trigger prepotent approach responses. The Go/NoGo paradigm
is therefore particularly well suited to capture the behavioral
signature of this imbalance, as it directly measures the capacity to
suppress a prepotent response (Go) when confronted with a salient
but currently irrelevant cue (NoGo). Impaired performance on this
task, manifested as increased omissions, false alarms, or reduced
discriminability, would therefore be expected to reflect a reduced
capacity to regulate automatic responses to socially salient digital
cues, providing a behavioral correlate of the broader self-regulatory
difficulties theorized in models of problematic social media use.

Impulsivity is regarded as a predictor of addiction (24), as well
as a personality trait closely linked to the risk of problematic use and
self-regulation of such use (25). Research has demonstrated a direct
link between impaired inhibitory control and a greater attentional
bias towards addiction-related stimuli (26, 27); for example, alco-
holics show greater attention to stimuli such as beer bottles
compared to non-problematic social drinkers (28).

These same patterns have also been found in behavioral
addictions (20, 29), including among gamblers (30), video game
players (31) and those addicted to the internet or social media (15,
32, 33). Specifically, in this case, Stanton Fraser et al. (34) investi-
gated the use of social media-related images (logos of different
platforms), confirming their role as salient attentional cues.

Neurophysiological evidence suggests that these users exhibit
greater brain activation in response to this type of stimulus,
manifested in earlier and heightened attention and a less efficient
use of monitoring resources (35, 36). This suggests that social media
content is more striking for this profile, influencing their attentional
capacity and therefore their behavior.

A key question arising from this neurocognitive hyperreactivity
observed in response to these specific stimuli is the possible
existence of an underlying physiological sensitivity (at both the
brain and bodily levels) that could be linked to individual predis-
posing factors.

Although this is a field that has yet to be thoroughly studied,
there are already studies that discuss psychologically more vulner-
able profiles (6). In these cases, social media use tends to be a
response to maladaptive coping strategies, aimed at managing
stress, loneliness or emotional distress (25, 37). In such cases,
engagement with social media would be driven by distress, rather
than from a purely behavioral addictive pattern which evolves from
recreational use based on positive reinforcement towards a need
sustained by negative reinforcement (38).
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In recent years, research in behavioral medicine has increasingly
focused on understanding how chronic and acute exposure to stress
affects health outcomes (39). During exposure to stressors, the
body’s physiological response systems are activated (40). These
systems interact closely with the immune system and are therefore
significantly involved in the onset and maintenance of pathological
states (41).

Due to the still limited evidence, it remains difficult to establish
the existence of a biological basis for social media use patterns;
however, research is beginning to emerge that focuses on this
possible predisposition, seeking links between physiological vari-
ables and social media use as compensatory strategies in response to
negative emotional states or environmental stressors (42, 43).

Some of the most widely studied physiological markers are
cardiovascular parameters and cortisol levels (44, 45) due to their
ability to reflect the autonomic nervous system (ANS) and endo-
crine system, and their role in the physiological response to
stress (46).

Specifically, among cardiovascular biomarkers, heart rate and
heart rate variability are key indicators for assessing ANS activity
(47). Heart rate variability (HRV) reflects the nervous system’s
ability to adapt flexibly to environmental demands and has been
associated with both emotional regulation and social stimuli (48).
Furthermore, a review of studies on social interaction indicates that
positive interactions (including online ones) have the potential to
increase heart rate variability as an indicator of improved auto-
nomic regulation (49).

Evidence on the physiological effects of social media use is
mixed, with some studies reporting stress-attenuating effects in
general users (50) and others finding that social media exposure can
prolong activation of the stress axis following a psychosocial
stressor (51), highlighting the importance of individual differences
and specific patterns of use as key modulators of psychophysiolog-
ical reactivity.

One framework that could account for this disparity is the
stress-strain-outcome (SSO) model, mentioned earlier, which posits
that certain individual factors, such as personality traits, act as
predisposing factors for experiencing emotional strain in the face of
environmental stressors, leading to negative behavioral conse-
quences (10, 11). These factors would directly influence the way
in which individuals perceive and process stimuli from social media
(9), determining whether the user experiences well-being or, con-
versely, fatigue and psychological distress (stress). This may con-
tribute to a predisposition to distress in the individual, potentially
characteristic of this profile.

In this context, salivary hormones and enzymes emerge as
particularly suitable tools for operationalizing and understanding
physiological responses. However, empirical research has largely
focused on the use of cortisol as the primary biomarker of stress
(44, 45), which has limited consideration of other relevant bio-
markers such as alpha-amylase or oxytocin.

Salivary alpha-amylase (sAA) has recently emerged as a valid
and reliable marker of ANS activity in stress research and is
therefore an important biomarker to consider in behavioral med-
icine (52). It has been established as a sensitive indicator of
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sympathetic system activation, reflecting rapid responses to psy-
chological and social stimuli or challenges (52, 53). It has the
distinct advantage of rising more rapidly than cortisol in the face
of a threat or acute stressor (54).

It is therefore not surprising that current evidence suggests this
marker is particularly reactive in individuals with psychological
difficulties. Regarding social media use, the experiment by Shafi
et al. (55) showed a significant increase in (sAA) levels in adoles-
cents with depression, in contrast to the healthy control group,
whose response was minimal and not statistically significant fol-
lowing 20 minutes of unrestricted exposure to social media.

Alongside the sympathetic activation reflected by alpha-amy-
lase, oxytocin emerges as a key neuroendocrine marker for under-
standing the social dimension of physiological reactivity.
Historically recognized for its role in attachment and interpersonal
cooperation (56), oxytocin plays a crucial role in modulating
emotional and social behavior and the formation of bonds, as it
facilitates large-scale cooperation in human social networks by
promoting prosocial behavior and the formation of interpersonal
bonds (57).

Furthermore, this hormone plays a crucial role in stress regu-
lation, facilitating a return to homeostasis following a psychosocial
threat by increasing parasympathetic control and inhibiting activity
in the amygdala (58-60), potentially promoting stress-attenuating
processes. This includes a faster recovery from stress axis activation
following a psychosocial challenge (61).

However, this effect is not inherently prosocial; rather, it
appears to modulate sensitivity to the salience of social cues. This
implies that its biological impact depends on both context and
inter-individual factors (62) and may even promote defensive
emotions or less adaptive stress responses if environmental stimuli
are interpreted as unsafe or threatening. Furthermore, intranasal
administration of oxytocin influences the functional connectivity of
brain networks involved in the control of attention, emotion and
reward, suggesting that oxytocin has a modulatory effect on
interactions within and between neural networks (63).

Examples include the studies by Cardoso et al. (64) and Quirin
et al. (65), in which intranasal administration of oxytocin reduced
the subjective stress response and cortisol levels only in individuals
with poor coping skills or emotional regulation, respectively, but
not in those with adequate skills.

In the context of digital technology use, this pattern may carry
particular relevance for identifying vulnerable profiles, as this
potential biological limitation could leave certain users unprotected
against stress, positioning oxytocin as a key marker for identifying
profiles with greater physical and emotional vulnerability to digital
stimuli and as a potential determinant of adaptive flexibility,
influencing whether such interactions mitigate the stress response
or, conversely, contribute to the autonomic rigidity observed in
more vulnerable individuals.

In this regard and given that previous studies have relied
predominantly on self-reports (66), which constitutes a significant
methodological limitation, it is necessary to incorporate objective
biomarkers that allow these cognitive processes to be linked to
physiological responses more accurately (50). For this reason, the
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present study aims to overcome the limitations of behavioral
methods through a multidimensional, real-time assessment, using
an adapted Go/Nogo paradigm with social media stimuli and
simultaneously measuring heart rate variability (SDNN), salivary
alpha-amylase and oxytocin levels, with the central objective of
understanding the interaction between cognitive control, stress
regulation and the psychophysiological response to digital stimuli,
differentiating user profiles.

Based on this theoretical framework, the present study tested
the following hypotheses. First, we hypothesized that the functional
profile would show superior inhibitory control performance and
more efficient autonomic recovery (greater post-task SDNN in-
crease) compared to the compulsive use and distress-associated
profiles. Second, we hypothesized that the distress-associated profile
would exhibit the greatest inhibitory control deficits, particularly in
response to social media-specific stimuli, alongside reduced auto-
nomic flexibility evidenced by smaller SDNN changes across
phases. Third, we hypothesized that salivary alpha-amylase and
oxytocin would show differential reactivity patterns across profiles,
with the compulsive use profile expected to display heightened
sympathetic reactivity during task exposure followed by efficient
recovery, while the distress-associated profile was expected to show
blunted or atypical biomarker responses consistent with
dysregulated stress processing.

Materials and methods

The overall study design, including participant recruitment,
cluster assignment, and the three-phase experimental protocol, is
summarized in Figure 1.

Participants

The study included a total of 50 participants with a mean age of
19.22 years and a standard deviation of 1.73. The age range was
between 18 and 25 years. 59.2% were women (n=29). Furthermore,
6.1% were studying at sixth-form or intermediate level, 89.8% were
studying for a bachelor’s degree, and the remaining 4.1% were
studying for a master’s degree. The majority of participants were
students at Francisco de Vitoria University, Madrid, Spain.

Cluster assignment procedure

Participant profiles were derived using a two-stage clustering
approach to ensure robustness. In the first exploratory stage, a
hierarchical cluster analysis was conducted using SPSS v.25, and
visual inspection of the dendrogram suggested a three-cluster
solution as optimal. In the second confirmatory stage, a k-means
algorithm (k = 3) was applied to definitively assign each case based
on proximity to cluster centroids, using five clustering variables:
total score on the problematic smartphone and social media use
scales (PSNUSS), daily hours of social media use, total score on the
depression anxiety stress scales (DASS), total score on the obses-
sive-compulsive-related disorder use scale (OCDUS-TIC), and the
emotional regulation subscale of the Wong-Law Emotional
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Intelligence Scale (WLEIS-RegEm). The analysis was conducted
on an independent sample (n = 516 valid cases) and convergence
was achieved after 6 iterations (maximum absolute coordinate
change = .000; minimum distance between initial centers = 69.788).

The discriminant validity of the clustering variables was eval-
uated through ANOVA-based variance explained (R*): PSNUSS
showed the highest discriminant power (R* = .66), followed by
OCDUS (R? = 49), DASS (R = .31), WLEIS-RegEm (R? = .10), and
daily hours of use (R*> = .05). Separation between final cluster
centers ranged from 24.47 to 31.50, indicating adequate between-
profile differentiation. Cluster solution stability was confirmed by
inspecting the iteration history, with convergence achieved after six
iterations and no further centroid displacement.

External normative criteria were used to interpret profile
severity: DASS scores were contextualized using established severity
ranges (0-20 very low; 21-40 mild; 41-60 moderate; 61-80 high;
>80 very high), and PSNUSS scores were referenced against the
original validation mean of 3.12.

The final cluster centers were as follows: Cluster 1 (CUP,
compulsive use profile; n = 131): PSNUSS = 84.13, hours per day
= 3.67, DASS = 22.37, OCDUS = 58.56, WLEIS-RegEm = 18.14;
Cluster 2 (DAP, distress-associated profile; n = 164):
PSNUSS = 66.13, hours per day = 3.43, DASS = 27.56,
OCDUS = 47.13, WLEIS-RegEm = 17.51; Cluster 3 (FP, functional
profile; n = 221): PSNUSS = 51.33, hours per day = 2.66,
DASS = 11.01, OCDUS = 36.23, WLEIS-RegEm = 21.01.

The participants in this study (n = 50) were assigned to profiles
using the nearest-centroid clustering method, whereby each partic-
ipant was assigned to the group whose final centroid was closest in
Euclidean distance, based on their scores on the five clustering
variables. This procedure is detailed in the (Supplementary Table 1).

The following profile assignments were made: 16 participants in
the Compulsive Use Profile (CUP), 14 in the Distress-Associated
Profile (DAP), and 20 in the Functional Profile (FP).

The study was approved by the Ethics Committee of Francisco
de Vitoria University in accordance with the Ethical Principles for
Medical Research Involving Human Subjects adopted in the
Declaration of Helsinki by the World Medical Association (64th
WMA General Assembly, Fortaleza, Brazil, October 2013),
Recommendation No. R (97) 5 of the Committee of Ministers to
Member States on the Protection of Medical Data (1997) and
Organic Law 15/1999 on Data Protection (LOPD).

All participants were informed of the purpose and characteris-
tics of the study prior to inclusion and subsequently gave their
written informed consent.

Procedure

Participants signed an informed consent form and were as-
signed an anonymized alphanumeric code to ensure confidentiality
throughout data processing and analysis.

Participants who confirmed their attendance received a re-
minder 24 hours prior to the session, specifying the approximate
duration (40 minutes) and pre-experimental instructions (fasting
from liquids and solids and abstaining from strenuous physical
exercise and smoking for at least one hour prior to the experiment).
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n = 516 valid cases

( Independent sample

l

Two-stage clustering
Hierarchical analysis then k-means (k=3)

l

Three profiles identified
Compulsive use, distress-associated, functional

l

Current study sample
n = 51 recruited

l

Nearest-centroid classification
n = 50 analyzed (1 excluded, missing data)

l

Do | e |

FP, n = 20 }

! l

+

{

{ Informed consent and screening

\ 4

l

Pre-task phase
~7 minutes
Polar H10 fitted, HRV recording starts
Saliva sample 1 (sAA + oxytocin)

l

Task phase

~12 minutes
Go/NoGo paradigm, 80 trials
Continuous HRV recording

l

Saliva sample 2

\ y

l

Post-task / recovery phase
~7 minutes

Saliva sample 3
HRV monitor removed

l

Statistical analysis
Kruskal-Wallis, Mann-Whitney U,
Friedman, Wilcoxon signed-rank

FIGURE 1

Study flowchart depicting participant recruitment from the independent clustering sample, cluster assignment procedure, and the three-phase

experimental protocol with corresponding biomarker collection points.

Upon arrival at the laboratory, compliance with these criteria was
verified. All sessions were conducted between 12:00 and 18:00 to
minimize circadian variability in cortisol-related biomarkers.

The experiment consisted of three key stages: first, the baseline
or pre-task phase (pre), lasting approximately 7 minutes; next, the
task phase, lasting an average of 12 minutes, during which the
subjects performed a task under the Go/NoGo paradigm; and
finally, the recovery or post-task phase (post), lasting approximately
7 minutes.

Upon arrival at the room where the experiment was conducted,
participants were asked to sign the informed consent form, and the
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Polar H10 heart rate monitor was fitted, thus commencing contin-
uous recording during the baseline phase (pre-phase), the task
phase, and the recovery phase (post-phase).

Following a baseline period in a seated position, the first saliva
sample (pre-phase) was collected using Salivette Cortisol devices
(Sarstedt, S.A.U., La Roca del Valles, Barcelona, Spain) with
synthetic fiber swabs, which remained in the oral cavity for 2
minutes without chewing movements, for subsequent analysis of
alpha-amylase and oxytocin. This concluded the first phase.

In the second phase, participants performed the Go/NoGo task
(average duration = 12 minutes). First, participants completed two
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WhatsApp
),
Ringtones -‘ ))
(social media)
.wavy" tone
bike bell
Ringtones < )))

(analog)

FIGURE 2

Instagram

table bell

-«

Categorization matrix of auditory stimuli used in the experiment. Visualization of the cues used in the auditory Go/NoGo task, including social-
network-related ringtones. Each category contains two stimuli with different attributes (social media vs. analog; "wavy” vs. "bing” tone). The

presentation of the stimuli was pseudorandomized (see also 43, 67).

practice trials to familiarize themselves with the experiment. This
was followed by four rounds of 20 trials each, making a total of 80
trials. The task followed the same procedure and software as the
original version (43), with the exception of its translation from
German into Spanish and the replacement of Facebook stimuli with
Instagram, given its greater ecological validity for the target popu-
lation (1). All experimental images/sounds are included in the
Supplementary Material.

Immediately after completing the test, the second saliva sample
was collected using the same procedure.

Finally, during the recovery or post-task phase, the subject was
asked to relax and, 10 minutes after the task had ended, the third
saliva sample was collected using the same procedure and the heart
rate monitor was removed, which had been used to measure heart
rate throughout the experiment.

The experiment was conducted in a room with uniform lighting
and controlled environmental conditions. All participants followed
a standardized protocol, keeping the same spatial arrangement,
distance from the screen, use of headphones and light levels, to
minimize environmental variability.

Measures/stimuli

Go/NoGo task

A modified auditory Go/NoGo paradigm using social media-
related cues was employed to assess specific inhibitory control in
response to digitally relevant stimuli. The task was adapted from the
auditory paradigm developed by Wegmann et al. (67), further
incorporating the conceptual principles of the Go/NoGo taxonomy
proposed by (68). The methodological adaptation subsequently
published in Scientific Reports (43) was also followed.

Four auditory ringtones of comparable duration were used
(Figure 2). Two corresponded to digital stimuli related to social
media (standard notification tones from Instagram and
WhatsApp). The switch from Facebook to Instagram in the task
was designed to increase the ecological validity of the paradigm,
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given that this social media is a relevant and highly salient digital
stimulus in the participants’ daily lives (1). The other two ringtones
corresponded to neutral analogue stimuli (a doorbell and a bicycle
bell). The analogue stimuli were carefully selected to maintain
systematic acoustic similarities with the digital tones, following
the methodological criteria described in previous studies (67,
68).Both the training phase and the actual task phase are described
in the original study (43).

Participants had to respond as quickly as possible to Go stimuli
and refrain from responding to NoGo stimuli. Measures of hits,
false alarms, misses, and reaction times were recorded, distinguish-
ing between social media-related stimuli and neutral stimuli.

For the analysis of performance in the Go/NoGo task, the
data were categorized according to the Signal Detection Theory
(SDT) framework, which allows for a more precise interpretation of
the efficiency of inhibitory control and the participants’ re-
sponse bias.

Under the Go/NoGo adaptation of the SDT framework: hits
refer to correct responses to Go stimuli (responding when re-
quired); misses refer to failures to respond to Go stimuli
(omissions); false alarms refer to responses made to NoGo stimuli
(commission errors reflecting failed inhibition); and correct rejec-
tions refer to successful inhibition of responses to NoGo stimuli.

Heart rate

Heart rate variability (HRV) was recorded using a Polar H10
heart rate monitor (Soluciones Deportivas, S.L., Madrid, Spain), a
device validated for use in psychophysiological research (sampling
rate: 1000 Hz; RR interval recording precision: 1 ms). The recording
was continuous throughout the experiment (pre-task, task and
post-task phases).

Later signal processing and analysis were carried out using
Kubios HRV software (Kubios Oy, Kuopio, Finland), widely used
for heart rate variability (HRV) analysis. The standard artefact
correction and automatic filtering procedures recommended by the
software were applied.
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The following indices were analyzed in the time domain: SDNN
(Standard Deviation of NN intervals): standard deviation of all NN
intervals, which reflects overall heart rate variability and was
selected as the primary HRV outcome given its sensitivity to overall
autonomic modulation across short-term recordings and its wide-
spread use in comparable experimental paradigms (69). RMSSD
(Root Mean Square of the Successive Differences): the root mean
square of the successive differences between adjacent normal RR
intervals (ms), considered a sensitive marker of parasympathetic
activity, was analyzed as a secondary index. Both indices are
reported in the Results section.

These metrics enabled the assessment of autonomic regulation
and the psychophysiological changes associated with the perfor-
mance of the experimental task.

Oxytocin

Oxytocin levels were determined using a direct competitive
assay based on AlphaLISA technology (PerkinElmer, MA, USA),
following previously validated protocols (70).

The acceptor microspheres were coated with an anti-oxytocin
monoclonal antibody, whilst streptavidin-conjugated G-protein-
bound microspheres were used as donor microspheres. To optimize
the assay, different concentrations of biotinylated oxytocin, acceptor
microspheres and donor microspheres were evaluated, and the
conditions offering the highest sensitivity and analytical stability
were selected. The standard curve was prepared using oxytocin
conjugated with bovine serum albumin (BSA).

Salivary oxytocin was measured using a monoclonal antibody-
based immunoassay, analytically validated for human saliva by
Lopez-Arjona et al. (71) at the same laboratory (Interlab-UMU,
University of Murcia) where the present samples were processed.
This assay was selected over polyclonal alternatives based on its
more clearly defined epitope binding region, which confers greater
specificity. It should nonetheless be acknowledged that salivary
oxytocin measurement remains methodologically debated in psy-
chobiological research, given ongoing discussion regarding the
relationship between peripheral (salivary) and central oxytocin
activity, as well as variability in reported concentrations depending
on the assay and antibody type used (71, 72).

Alpha-amylase

Salivary alpha-amylase activity was quantified using a kinetic
spectrophotometric assay following the method recommended by
the International Federation of Clinical Chemistry and Laboratory
Medicine, by previously described protocols (73).

The procedure used 4,6-ethylidene(G7)-p-nitrophenol(G1)-alpha-
D-maltoheptoside (ethylidene-G7PNP) as the enzymatic substrate. The
intermediate product generated following hydrolysis reacted with
alpha-glucosidase to produce p-nitrophenol as the final product. The
rate of p-nitrophenol formation, proportional to enzymatic activity,
was determined by spectrophotometric measurement at 405 nm.

The analysis was performed on an Olympus AU2700 automatic
analyzer (Olympus America Inc., Center Valley, PA, USA).
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Statistical analysis

IBM SPSS Statistics version 25 was used to process the data,
with a significance level set at o = .05.

Firstly, the normality of the variables was assessed using the
Shapiro-Wilk test, given the small size of the groups. As normality
was not met in the majority of variables and groups, non-paramet-
ric tests were employed throughout.

It should be noted that physiological analyses were conducted
on subsamples of the total analyzed sample (n = 50) due to missing
data arising from technical issues during recording or insufficient
saliva volume. Specifically, HRV analyses (SDNN and RMSSD)
were conducted on n = 40 participants due to signal quality issues or
equipment fitting problems during recording; oxytocin analyses on
n = 45-48 participants; and alpha-amylase analyses on n = 46-49
participants, with missing data in the latter two variables due to
insufficient saliva samples or processing issues. Complete case
analysis was used for each variable independently.

To analyze changes over time within each cluster, the Friedman
test for paired samples was used. When the overall comparison proved
significant, post hoc tests were conducted using the Wilcoxon test with
Bonferroni correction to adjust the significance level. To directly
examine whether psychophysiological response patterns across the
three experimental phases differed between profiles, Scheirer-Ray-
Hare non-parametric two-way tests were conducted for each physi-
ological variable (SDNN, MeanHR, salivary alpha-amylase, and oxy-
tocin). This test was selected given the violations of normality
observed across multiple groups and variables and provides a direct
non-parametric assessment of the Profile x Phase interaction effect.

Between-group differences in Go/No-Go performance variables
were examined using Kruskal-Wallis tests, with effect sizes calculated
asm’ = (H —k + 1)/(n — k). Significant omnibus results were followed
by Mann-Whitney U post-hoc comparisons with Bonferroni correc-
tion (o = .017 for three pairwise comparisons). The sensitivity index
d’ was calculated using the Hautus correction: d’ = Z (hits + 0.5)/(hits
+ misses + 1) — Z(false alarms + 0.5)/(false alarms + correct rejections
+ 1). Within-subject SNS-versus-neutral comparisons were con-
ducted using Wilcoxon signed-rank tests within each profile sepa-
rately. Between-group differences in RMSSD were examined using a
Kruskal-Wallis test across the three profiles.

Results

Go/No-Go test

Go/No-Go task performance was examined across two do-
mains: general inhibitory control variables and variables specific
to social media (SNS) stimuli. Tables 1 and 2 present the descriptive
analyses of all the variables measured.

Descriptive statistics for general performance variables indi-
cated that the FP achieved the highest number of correct responses
and the lowest error rates across all measures, followed by the CUP
and the DAP.
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TABLE 1 Differences between clusters in general Go/No-go task measures.

10.3389/fpsyt.2026.1872039

DAP
(n=14)
Hits 37.06 (4.88) 36.71(4.43) 38.80 (1.47) 37.66 (3.77) 1.33 514 .000
Correct Rejection 36.38 (6.63) 35.29 (3.62) 37.95 (1.73) 36.70(4.40) 6.16 .046* .089
False Alarm 2,94 (4.88) 329 (4.43) 320 (2.52) 236 (3.77) 5.14 076 067
Misses 3.56 (6.39) 4.71 (3.63) 2.00 (1.71) 3.26 (4.29) 6.46 .039% .095

H, Kruskal-Wallis statistic; df, 2 in all cases; *, Significant values (p <.05); 1)’, Kruskal-Wallis effect size; CUP, Compulsive Use Profile; DAP, Distress-Associated Profile; FP, Functional Profile.

Analysis using the Kruskal-Wallis test revealed no significant
differences between the groups in the number of correct responses
(H (2) = 1.33, p = .514), indicating comparable overall performance
across profiles in the general execution of the task. However,
significant between-group differences emerged for omissions (H (2)
= 6.47, p = .039) and correct rejections (H(2) = 6.17, p = .046).

Effect sizes for the significant Kruskal-Wallis tests, calculated as
17, indicated small-to-moderate effects for Misses (* = .095) and
Correct Rejections (1 = .089) in the general task, and for Misses
SNS (m* = .093) and Correct Rejections SNS (n* = .093) in the
social-media-specific condition (see Tables 1, 2).

Post-hoc tests using the Mann-Whitney U test with Bonferroni
correction (o, = .017) revealed that differences in omissions were
found exclusively between the DAP and FP groups (U = 72.50, Z =
-2.40, p = .017), with the DAP group having the highest number of
omissions (M = 4.71, SD = 3.63) compared to the FP group
(M = 2.00, SD = 1.72). As for correct rejections, the comparison
between DAP and FP showed a trend close to the significance
threshold after correction (U = 75.00, Z = -2.30, p = .021), whilst
comparisons between CUP and DAP (U = 63.50, Z = -2.04, p =
.043) and CUP and FP (U = 158.50, Z = —0.05, p = .961) did not
reach the corrected significance threshold.

Turning to the social media-specific variables, descriptive sta-
tistics again favored the FP, which exhibited lower error rates across
omissions and false alarms and higher correct rejection
rates (Table 2).

In this case, the analyses again revealed significant differences in
omissions (H, = 6.36, p = .042) and in correct SNS rejections (H, =
6.36, p = .042), with post-hoc analyses again revealing that both
effects were driven by the DAP vs. FP comparison. The DAP group
showed significantly more SNS omission errors (U = 69.00, Z =
-2.55, p = .011) and fewer correct SNS rejections (U = 69.00, Z =
-2.55, p = .011) than the FP group, with no significant differences
found in the remaining pairwise comparisons.

A complementary within-subject analysis was conducted to
examine whether inhibitory control deficits were specific to social
media stimuli or reflected a general inhibitory pattern. Wilcoxon
signed-rank tests comparing SNS-specific and neutral stimulus
conditions within each profile revealed that only the DAP showed
statistically significant differences between conditions: this profile
committed significantly more omissions (Z = -2.196, p = .028) and
fewer correct rejections (Z = -2.196, p = .028) in response to SNS
stimuli compared to neutral stimuli. No significant SNS-versus-
neutral differences were found in the CUP (omissions: Z = -1.652,
p = .098; correct rejections: Z = -1.760, p = .078) or the FP
(omissions: Z = -1.642, p = .101; correct rejections: Z = -1.393,
p = .163). False alarm rates did not differ significantly between
SNS and neutral conditions in any profile (CUP: p = .491; DAP:
p = 739 FP: p = .681).

In addition, participants’ discrimination ability was assessed by
calculating the sensitivity index (d’), both in general and in response
to specific social media stimuli (Table 3).

The descriptive results show that the functional profile exhib-
ited the highest discriminative sensitivity in both the general task
and the social media-specific stimuli, followed by the compulsive
use profile. In contrast, the profile associated with distress showed
the lowest sensitivity values in both categories.

Despite these differences observed in the means, statistical
analysis using the Kruskal-Wallis test did not reach the conven-
tional level of significance, neither for the general d” (H(2) = 1.33,
p =.514,M? =.000) nor for the social media d” (H(2) = 2.19, p = .335,
M? = .004), indicating negligible effect sizes.

Heart rate

Heart rate variability was assessed using the MeanHR variable
(mean heart rate), measured in beats per minute (bpm), which
provides an overview of overall cardiac activity. The SDNN index

TABLE 2 Differences between clusters in specific variables for social media stimuli (SNS).

Measure
Misses_SNS 2.25 (3.59) 3.00 (2.15) 1.20 (1.15) 2.04 (2.50) 6.36 .042* .093
FalseAlarm_SNS 1.63 (2.78) 1.71 (2.30) 0.65 (1.04) 1.26 (2.11) 2.19 335
Correct Rejections SNS 17.69 (3.79) 17.00 (2.15) 18.80 (1.15) 17.94 (2.59) 6.36 042* 093
1048.81 996.71 1047.90 1033.86
Reaction Speed SNS (ms) 72 .699
(136.94) (120.01) (176.98) (149.18)

H, Kruskal-Wallis statistic; df, 2 in all cases; *, Significant values (p <.05); 17 Kruskal-Wallis effect size.
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TABLE 3 Descriptive statistics and Kruskal-Wallis test results for general d’ and SNS d’ by group.

Measure CUP (n = 16) DAP (n = 14) FP (n = 20) H (2)
General &’ 3.33 (1.73) 3.18 (1.34) 373 (1.24) 133 514 .000
SNS & 2.99 (1.76) 2.91 (1.33) 3.44 (1.26) 2.19 335 004

Values are expressed as M (SD). SNS d’, discriminative sensitivity specific to social media stimuli. H (2) corresponds to the Kruskal-Wallis test with 2 degrees of freedom. 1?, Kruskal-Wallis effect

size. CUP, Compulsive Use Profile; DAP, Distress-Associated Profile; FP, Functional Profile.

(standard deviation of NN intervals), expressed in milliseconds
(ms), was used as an overall indicator of autonomic regulation.

Regarding MeanHR, As illustrated in Figure 3, descriptive
statistics indicated an increase in heart rate levels during the task,
which decreased in the post-task phase, generally returning to
baseline levels in both the functional and compulsive use profiles.
However, it is worth noting that the DAP group showed virtually no
differences between time periods and always exhibited higher heart
rate levels than the other groups.

Despite these findings, these differences did not reach statistical
significance in the comparative analyses. The Friedman test did not
reveal any significant changes over time in any of the profiles; FP, x*
(2) =4.11, p=.128; DAP, * (2) = 0.80, p = .670; and CUP, %> (2) =
4.50, p = .105 (Table 4).

Regarding the SDNN measure, descriptive statistics showed a
decrease in SDNN during the experimental task compared to the
baseline phase in all profiles, which subsequently increased during
the post-task phase (Figure 4).

Overall, the compulsive use profile showed the greatest auto-
nomic reactivity (the greatest decrease from the baseline phase),
whilst the distress-associated profile exhibited lower overall cardiac
variability and reduced reactivity, again showing less variation over
time. The functional profile showed a pattern of greater stability and
autonomic recovery following the task.

These differences reached statistical significance in the compar-
ative statistics, as shown in Table 4.

The Friedman test indicated significant differences between the
three measurement points, x> (2) = 7.11, p = .029 in the FP, with a
significant increase in SDNN observed from the task to the post-
task period in the Wilcoxon post-hoc test (Z = -3.02, p = .003). No
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FIGURE 3

Mean heart rate (MEAN_HR, bpm) per cluster and overall mean
across the three experimental phases (Pre, Task, Post). Error bars
represent standard error of the mean (SE). CUP, Compulsive Use
Profile; DAP, Distress-Associated Profile; FP, Functional Profile.
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significant differences were observed between the remaining phases:
baseline-task (Z = -1.72, p = .085) and baseline-recovery (Z =
-1.067, p = .286). This pattern suggests effective autonomic recov-
ery following task-induced activation.

Meanwhile, in the compulsive use profile (n = 12), the Friedman
test also revealed significant differences between the three time
points, > (2) = 7.16, p = .028. Post-hoc comparisons using
Wilcoxon tests indicated an increase in SDNN from the task
period to the post-task period (Z = —2.13, p = .033); however, this
result does not survive Bonferroni correction for three pairwise
comparisons (o = .017) and should therefore be interpreted with
caution. Whilst no significant differences were observed between
the baseline and task periods (Z = —0.628, p = 0.53) or between
baseline and post-task (Z = —1.64, p = 0.99).

In the DAP, the Friedman test showed no significant differences
between time points, %> (2) = 0.80, p = .670, indicating stability in
heart rate variability throughout the experimental protocol.

RMSSD values showed a descriptively similar pattern across the
three phases in all profiles (CUP: Pre = 98.81, Task = 59.18, Post =
60.57; DAP: Pre = 62.98, Task = 61.47, Post = 59.95; FP: Pre = 71.68,
Task = 64.39, Post = 66.22). However, Friedman tests revealed no
statistically significant differences between measurement phases in
any profile (CUP: x(2) = .167, p = .920, n = 12; DAP: x*(2) = .800, p
=.670, n = 10; FP: ¥*(2) = 1.333, p = .513, n = 18). No significant
between-group differences in RMSSD were identified (Kruskal-
Wallis: H (2) = 2.077, p = .354, > = .002).

To directly assess whether the pattern of physiological change
across phases differed between profiles, Scheirer-Ray-Hare tests
were conducted for each variable. Results indicated no significant
Profile x Phase interaction for SDNN (H (4) = 0.553, p = .968),
alpha-amylase (H (4) = 1.390, p = .846), or oxytocin (H (4) = 1.749,
p = .782). For MeanHR, no significant Profile x Phase interaction
was found (H (4) = 0.200, p = .995); however, a significant main
effect of Profile was detected (H (2) = 17.584, p <.001), indicating
that the three profiles differed significantly in their overall mean
heart rate levels across the experiment, with the DAP exhibiting
consistently higher values than the CUP and FP. These findings
indicate that whilst within-profile phase changes were observed for
SDNN in the CUP and FP, the magnitude of these changes did not
differ significantly between profiles.

Oxytocin

The mean oxytocin levels for the overall sample, shown in
Figure 5, exhibited a slight upward trend throughout the experi-
mental protocol.

By cluster, high inter-individual variability was observed at all
measurement time points. Standard deviations were high
across all profiles, with markedly asymmetric distributions and
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TABLE 4 Intra-group statistics on physiological measures across experimental phases by cluster (Friedman test and post hoc comparisons with
Bonferroni correction).

Measure Cluster (N) Significant post hoc (Bonferroni)
MeanHR FP (18) 69,11(11,27) 71,51(10,96) 69,77(11,08) 411 128 —
DAP (10) 77.84 (8.59) 78,13 (8,98) 78,36 (9,80) 0.80 670 —
CUP (12) 68,54 (8.82) 70.91 (7.61) 69,22 (7.98) 450 105 —
SDNN FP (18) 69.96 (29.87) | 64,30 (26,67) | 71,52 (31,56) | 7.11 029¢ | Task < Post (Z = -3.02, p = .003)
DAP (10) 5875 (36,28) | 5734 (22,53) | 58,62 (26,12) | 0.80 670 —
CUP (12) 61.15 (25.78) | 56,57 (17,14) | 64,80 (2588) | 7.16 028 | Task < Post (Z = —2.13, p = .033)
Oxytocin (pg/mL) FP (18) 1,57 (1.23) 1.62 (1.32) 1.93 (1.50) 0187 | 911 —
DAP (12) 158 (1.06) 2,01 (1.31) 265 (3.74) 216 338 —
CUP (15) 1.62 (1.50) 2,00 (1.91) 1.67 (2.01) 173 420 —
Alpha-amylase (KUI/L) | EP (19) 34443 (278.31) | 248.69 (154.17) | 21618 (171.77) | 6.00 050¢ | Pre < Post (Z = -3.28, p = .001)
DAP (12) 23674 (145.42) | 200.38 (96.77) | 213.05 (124.06) | 0.50 779 —
CUP (15) 21925 (92.28) | 242.94 (129.38) | 184.81 (102.38) | 2,13 344 —

Values are expressed as M (SD). x* = Friedman test statistic (df = 2). Post hoc comparisons were conducted using the Wilcoxon signed-rank test for related samples. *p <.05.

the presence of outliers, indicating considerable heterogeneity in
hormone levels.

An increase in oxytocin was observed across all profiles between
the pre-task and task phases, with more pronounced increases in
the CUP and DAP. However, diversity was again found between the
task and post-task phases, whilst FP and DAP showed a continued
rise in levels, particularly pronounced in the profile associated with
distress. The compulsive profile was the only one to show a decrease
in this measure following the task.

Despite these descriptive results, none of the three profiles
showed significant differences following the Friedman test. The
results are presented in Table 4.

Alpha-amylase

In the total sample, alpha-amylase levels showed a progressive
increase throughout the protocol (Pre: M = 1.59; Task: M = 1.77;

Post: M = 1.95). An overall increase was observed from the baseline
phase to the post-task phase in the sample as a whole.

In the cluster-based descriptives (Figure 6), high inter-individ-
ual variability was observed at all measurement points.

In the baseline phase, the FP profile had the highest mean,
followed by the DAP and the CUP.

The latter profile is characterized as the only one to show an
increase in levels between the baseline phase and the task. It then fell
sharply again between the task and the post-task phase, reaching
levels below those at baseline.

Similarly, in the case of DAP, a decrease was observed during
the task, followed by a partial recovery. Finally, FP showed the
highest values and a very marked progressive decline throughout
the protocol.

For FP, the Friedman test revealed significant differences in
alpha-amylase levels across the three measurement time points: 3
(2) = 6.00, p = .050 (exact p = .0498, Table 4).
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FIGURE 4

SDNN (ms) per cluster and overall mean across the three
experimental phases. Error bars represent standard error of the
mean (SE). CUP, Compulsive Use Profile; DAP, Distress-Associated
Profile; FP, Functional Profile.
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Oxytocin levels (pg/mL) per cluster and overall mean across the
three experimental phases. Error bars represent standard error of
the mean (SE). CUP, Compulsive Use Profile; DAP, Distress-
Associated Profile; FP, Functional Profile.
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Alpha-amylase levels (kUI/L) per cluster and overall mean across the
three experimental phases. Error bars represent standard error of
the mean (SE). CUP, Compulsive Use Profile; DAP, Distress-
Associated Profile; FP, Functional Profile.

Post-hoc comparisons using Wilcoxon tests indicated a decrease
in alpha-amylase between the baseline and post-task periods in the
FP (Z = -3.28, p = .001), whilst no significant differences were
observed between the baseline and task periods (Z = —1.248, p =
.212) or between the task and post-task periods (Z = —1.44, p = .147)
in this same profile.

In the profiles associated with distress (Z = .500, p = .779) and
compulsive use (Z = 2.133, p = .344), the Friedman test showed no
significant differences over time.

Discussion

The aim of this study was to understand the complex interac-
tion between cognitive control, stress regulation and the psycho-
physiological response to digital social media stimuli across
different usage profiles. Through a multidimensional, real-time
assessment, we sought to overcome the limitations of traditional
self-reports by linking neurocognitive processes (Go/NoGo para-
digm) with objective biomarkers such as heart rate variability
(SDNN), salivary alpha-amylase and oxytocin, with the aim of
characterizing distinct psychophysiological profiles of social media
use beyond self-report measures.

The pattern of results observed in the functional profile (FP)
supports the validity of the experimental design and the selected
biomarkers, given that the functional profile showed the expected
response patterns according to previous scientific literature across
all analyzed variables, presenting results aligned with health and
normality standards.

The functional profile (FP) not only achieved the best cognitive
performance, with the highest number of correct responses and the
fewest errors, closely aligning with the values reported in the previous
literature (43). Descriptively, it also showed the highest sensitivity
indices (d’) both overall and in response to social media stimuli;
however, these between-group differences did not reach statistical
significance (Table 3) and should therefore be interpreted with
caution rather than as evidence of superior discrimination ability.
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Furthermore, it also demonstrated effective autonomic regula-
tion, evidenced by a significant increase in SDNN following the
task. The FP exhibited the expected physiological pattern of SDNN
decrease during task exposure followed by significant recovery in
the post-task phase. This ‘decline and rise’ pattern in SDNN may be
indicative of biological health and resilience, potentially reflecting
the autonomic nervous system’s ability to adapt flexibly to cognitive
challenge and restore homeostasis (74, 75).

Endocrine markers provided partial support for the validity of
the measurement approach. Oxytocin showed a non-significant
descriptive upward trend in the FP and is not discussed further here.
Alpha-amylase showed a progressive and significant decline from
baseline to recovery (p =.001), consistent with efficient sympathetic
regulation and rapid recovery (53, 76, 77).

Taken together, the consistency of these findings suggests that
the variables used are appropriate for distinguishing functional
profiles from those that are not, providing preliminary support that
should be confirmed in future studies with larger samples.

Turning to the characterization of problematic profiles in social
media use, revealing a critical combination of psychological, phys-
iological and behavioral factors. Given the modest subgroup sizes
(CUP n = 16, DAP n = 14, FP n = 20), the comparisons discussed
below should be interpreted as hypothesis-generating rather than as
definitive evidence of distinct psychophysiological profiles.

The CUP and FP profiles exhibited similar responses, with no
significant differences in cognitive performance on the inhibitory
control test and normally distributed patterns in heart rate results.

In contrast to the other profiles, the CUP showed a descriptive
increase in alpha-amylase during task exposure followed by a
decrease in the recovery phase. This within-group change did
not reach statistical significance (Table 4) and should therefore be
regarded as an exploratory observation rather than a confirmed
physiological mechanism. If replicated in future studies with
larger samples, such a pattern could be consistent with
heightened sympathetic reactivity to cognitive demand and/or a
lower threshold for physiological activation (78), a response profile
that has been tentatively associated in the literature with greater
impulsivity and lower inhibitory control (79-81), and with high
physiological reactivity accompanied by rapid return to base-
line (82).

Oxytocin showed a non-significant descriptive rise-and-fall
pattern in the CUP; given the absence of statistical significance,
this observation is noted only as hypothesis-generating and is not
interpreted further.

With regard to the distress-associated profile (DAP), a clear
contrast to the other two profiles is observed. It should be noted that
the between-group differences reported below, although statistically
significant, were close to the conventional threshold (p = .039-.046)
and were not corrected for the number of tests conducted; they are
therefore reported as preliminary observations requiring indepen-
dent confirmation.

Firstly, it performed worst in general inhibitory control and in
specific inhibitory control in response to social media stimuli, being
the only group in our study to show significant differences com-
pared to the healthy control group. This deterioration was charac-
terized by a higher number of omissions both in the task in general
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and specifically in response to social media stimuli, indicating
difficulty in maintaining sustained attention and executing motor
responses to relevant cues.

These findings are consistent with recent research in which
specific stimuli appear to have a disruptive effect on the cognitive
system in vulnerable profiles (43).

Whereas Wegmann et al. (43) reported that attentional deficits
manifest primarily as false alarms to social media cues, the present
findings suggest a different pattern: a complementary within-subject
analysis confirmed that the deficit in inhibitory control in the DAP
is specifically associated with social media stimuli: this profile
showed significantly more omissions and fewer correct rejections
in response to social networking site (SNS) stimuli compared
with neutral stimuli (Z = -2.196, p = .028), whereas no such
stimulus-specific pattern was observed in the CUP or FP. This
finding provides preliminary support for the stimulus-specificity
hypothesis and is consistent with models of cue-reactivity in
behavioral addictions (83), although it derives from a single
within-subject contrast in a small subgroup (n = 14) and warrants
replication. This pattern could reflect a state of cognitive overload in
response to relevant stimuli, such as a reward bias (84), which
compromises both response execution and inhibition (85, 86).

Furthermore, although the TDS-based analysis did not reveal
any statistically significant differences, the descriptive findings point
to a reduction in discriminative ability, particularly in response to
stimuli associated with social media in this profile.

Taken together, these findings suggest that the DAP deficit is
not limited to reduced perceptual discrimination ability but rather
reflects a response pattern characterized by difficulties in sustained
attention and response execution in the face of highly motivational
stimuli, likely modulated by these stimuli’s ability to activate states
of arousal that interfere with cognitive control.

This cognitive pattern was observed concurrently with an
absence of significant SDNN change across phases in the DAP.
While reduced short-term SDNN variability has been associated in
the literature with lower vagal control (87), SDNN is a global HRV
index influenced by multiple physiological and contextual factors,
and its stability across phases does not, by itself, demonstrate
autonomic dysfunction or an impaired capacity for stress regula-
tion. This finding should therefore be interpreted as a descriptive
indicator of autonomic stability rather than direct evidence of
regulatory failure.

Regarding salivary biomarkers, although we must exercise
caution due to the exploratory nature of the study and the lack of
statistical significance, relevant patterns were observed.

Oxytocin showed a non-significant descriptive increase at the
end of the task in the DAP and is not interpreted further here.

Descriptively, alpha amylase in the DAP showed a pattern
inverse to classical sympathetic reactivity, with a decrease during
the task and an increase in the recovery phase. In the absence of
statistical significance, this pattern cannot be interpreted as evi-
dence of a specific stress processing mechanism and should be
treated as an exploratory observation for future research.

If replicated with statistical significance, this descriptive pattern
might be consistent with models proposing misalignments in the
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timing and coordination between stress response systems in indi-
viduals with psychological distress. It is also consistent with those
suggesting that greater sAA reactivity has been linked to personality
traits such as neuroticism and rumination, exhibiting heightened
physiological responses to stress (88).

According to the stimulus-organism-response model with
cognitive, adaptive and normative components (SORCAN) pro-
posed by Tan (12), problematic engagement should be understood
as the result of dynamic interactions between environmental cues,
internal emotional regulation processes, and the individual’s adap-
tive or normative responses.

In line with this framework, empirical evidence suggests that
emotional regulation and maladaptive coping strategies act as
mediating mechanisms in the relationship between attentional
difficulties and problematic social media use (PSMU) (89).

Consistent with this framework, the present findings extend this
approach by highlighting the cyclical nature of this process: the
internal state characteristic of the DAP profile, associated with
higher levels of distress, could lead to a recoding in the interpre-
tation of external signals (digital stimuli), which, in turn, feeds back
into problematic responses.

Taken together, these findings highlight the importance of
examining coping mechanisms and regulatory processes as central
elements in shaping the networks associated with the PSMU. The
vulnerability-stress model supports this theory, suggesting that the
negative impact of these networks is greater in individuals who
already have a pre-existing vulnerability to mental health problems
(90, 91).

In conclusion, this study suggests that problematic social media
use does not follow a single pattern but may be mediated by distinct
neurophysiological and psychological profiles.

The main contribution of this study appears to be the behavioral
and partial autonomic distinction between compulsive social media
users and those whose use is associated with distress, a finding that
should be considered preliminary given the sample size and the
absence of correction for multiple comparisons. Among the physio-
logical measures examined, SDNN provided the most consistent
evidence of between-profile differentiation, while mean heart rate,
alpha-amylase, and oxytocin showed more limited or non-significant
effects. Conclusions regarding biological differentiation should there-
fore be weighted primarily toward behavioral and SDNN-based
findings, with biomarker results from oxytocin and alpha-amylase
regarded as exploratory and hypothesis-generating rather than con-
firmatory. Whilst the CUP showed a descriptive pattern of sympa-
thetic reactivity followed by apparent autonomic recovery, and the
DAP exhibited a pattern of autonomic stability across phases, the
Scheirer-Ray-Hare test revealed no significant Profile x Phase inter-
action for any physiological variable, indicating that these descriptive
patterns did not differ significantly between profiles and should be
interpreted as exploratory observations. Notably, however, a signif-
icant main effect of Profile was found for MeanHR (H(2) = 17.584, p
<.001), indicating that the DAP exhibited consistently higher mean
heart rate levels than the CUP and FP throughout the experiment —
the most robust physiological finding of the study. The DAP also
showed more omissions in response to social media stimuli, consis-
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tent with the stress-tension-outcome (SSO) model; however, given
the absence of significant Profile x Phase interactions, physiological
interpretations remain exploratory.

Although the present findings are preliminary and require
replication before clinical recommendations can be made, the iden-
tified profiles may tentatively suggest different intervention priorities.
The findings of this study highlight the need to develop tailored
interventions for problematic social media use, moving beyond
generalist approaches that treat this phenomenon as a homogeneous
construct. For the compulsive use profile, interventions should
prioritize training in inhibitory control and the modulation of
prepotent motor responses, in line with programs based on mind-
fulness and response inhibition (92). For the profile associated with
distress, the therapeutic priority should lie in emotional regulation
and stress management. This profile appears to represent a case in
which social media may function less as a primary reinforcer and
more as a potential chronic stressor; however, the cross-sectional
design precludes any causal conclusions regarding the individual’s
capacity for physiological regulation (13).

Oxytocin did not show statistically significant changes in any
profile; the descriptive trends observed should be treated strictly as
hypothesis-generating, and no diagnostic, therapeutic, or mecha-
nistic conclusions can be drawn from the present data.

The interpretation of the results must be considered within the
context of several methodological limitations that constrain the
scope of the conclusions.

Firstly, the small sample size (N = 50) limits the statistical power
to detect small or moderate effects, particularly in variables with
high inter-individual variability, such as hormonal and enzymatic
responses. Furthermore, the high variability inherent in certain
biomarkers means that the results obtained must be interpreted
with caution. In particular, the analyses of oxytocin and alpha
amylase should be regarded as purely exploratory, given the absence
of statistically significant changes within the profile across the
phases and the high inter-individual variability inherent in these
measurements in small samples. Consequently, studies with larger
sample sizes and controlled designs will be necessary before robust
conclusions can be drawn regarding the physiological mecha-
nisms involved.

Furthermore, the interpretation of biomarkers requires consid-
eration of certain specific limitations. With regard to autonomic
regulation, interpretations are based primarily on the SDNN, a
global measure of heart rate variability (HRV) that reflects overall
variability but is influenced by multiple physiological and contex-
tual factors and does not directly reflect the capacity for stress
regulation. Therefore, caution should be exercised when attributing
the absence of significant changes in the SDNN to specific physi-
ological mechanisms, such as rigidity or autonomic dysfunction.
With regard to the oxytocin biomarker, it should be noted that the
measurement of salivary oxytocin remains a methodologically
controversial approach in psychobiological research. Although the
monoclonal immunoassay used in this study has been analytically
validated in terms of precision and accuracy (71), uncertainty
persists regarding the correspondence between peripheral salivary
oxytocin levels and central oxytocinergic activity, which limits the
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interpretation of salivary measurements as direct indicators of
central nervous system function.

Another significant limitation is that several confounding
variables known to influence HRV, salivary alpha-amylase and
oxytocin were not systematically controlled for. Although the
assessment sessions were standardized to take place between
12:00 and 18:00 to minimize circadian variability, and participants
were instructed to attend on an empty stomach and avoid strenuous
physical exercise prior to the tests, variables such as caffeine intake,
medication use or the phase of the menstrual cycle were neither
assessed nor controlled for. These factors could have introduced
additional variability into the biomarker measurements, particu-
larly for oxytocin and alpha amylase; therefore, future research
should incorporate them through structured pre-session question-
naires and standardized control protocols. Similarly, the present
study did not examine the possible influence of sex as a covariate,
despite the existence of well-documented sex differences in both
HRV indices and oxytocin reactivity (61, 93). Given that 59.2% of
the sample consisted of women, future studies should control for
sex as a moderating variable to determine whether the psychophys-
iological profiles identified are expressed differently between men
and women.

From a study design perspective, the main limitation is its cross-
sectional nature, which prevents causal inferences from being
drawn regarding the direction of the observed relationships.
Consequently, no causal conclusions can be drawn regarding the
directionality of the associations described throughout the manu-
script, including those relating to the stress response, the interpre-
tation of which is necessarily based on assumptions about such
directionality. In this context, future research should incorporate
longitudinal designs with multiple measurement points to examine
whether autonomic rigidity, operationalized in the present study as
virtually zero heart rate variability associated with a high heart rate,
constitutes a vulnerability factor preceding problematic use, poten-
tially linked to neurotic traits, or whether, on the contrary, it arises
as a physiological consequence of prolonged and intensive social
media use. Resolving this issue would allow for a better under-
standing of the etiopathogenic mechanisms underlying social media
use disorder and would provide a more solid basis for the devel-
opment of evidence-based preventive strategies.

With regard to the statistical analysis, whilst the Bonferroni
correction was applied to the post hoc pairwise comparisons, no
correction for multiple comparisons was carried out for the complete
set of Kruskal-Wallis tests. This limitation affects not only the
comparisons made between cognitive variables, but also, more
generally, the high number of statistical tests carried out in the
behavioral, autonomic, endocrine and enzymatic domains.
Given the number of dependent variables analyzed simultaneously,
an increased risk of a Type I error cannot be ruled out. Furthermore,
several of the significant findings were very close to the conventional
significance threshold (e.g. p = 0.039; p = 0.042; p = 0.046; p = 0.049);
therefore, their robustness should be interpreted with caution and
confirmed by subsequent studies with larger samples.

Finally, the present study did not include a direct within-subject
comparison between social networking service (SNS)-specific
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stimulus conditions and neutral conditions at the global level.
Although a supplementary Wilcoxon analysis confirmed stimulus
specificity in the DAP, future research should incorporate explicit
contrasts between SNS and neutral stimuli as primary analyses to
test the hypothesis of stimulus specificity more rigorously.

Data availability statement

The datasets presented in this article are not readily available
because The data supporting the findings of this study are not
publicly available due to the sensitive nature of human participant
information and the terms of the informed consent under which the
data were collected. Requests to access the datasets should be
directed to the corresponding authors at myriam.carbonell@ufv.es
or e.bernabeu.prof@ufv.es.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Universidad Francisco de Vitoria (Comité de Etica
de la Investigacion, Universidad Francisco de Vitoria), Pozuelo de
Alarcon, Madrid, Spain. Project No. 23/2022, approved on 22
March 2022. The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.
Written informed consent was obtained from the individual(s) for
the publication of any potentially identifiable images or data
included in this article.

Author contributions

MC: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project adminis-
tration, Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing. EB: Formal
analysis, Funding acquisition, Project administration, Resources,
Supervision, Validation, Visualization, Writing — original draft,
Writing - review & editing. CM: Methodology, Supervision,
Writing - original draft, Writing - review & editing. JC: Data
curation, Investigation, Methodology, Software, Writing - review &
editing. SM: Data curation, Investigation, Methodology, Software,
Writing - review & editing. MB: Data curation, Investigation,
Methodology, Software, Writing - review & editing.

Frontiers in Psychiatry

14

10.3389/fpsyt.2026.1872039

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative Al was used in the creation
of this manuscript. Generative Al tools (Claude, Anthropic) were used
to assist with statistical analysis guidance, and revision of the text
during the preparation of this manuscript. Additionally, Figure 1
(study flowchart) was created with the assistance of generative Al
tools. All content, analyses, interpretations, and figures were reviewed,
verified, and approved by the authors, who take full responsibility for
the accuracy, integrity, and originality of the work.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organiza-
tions, or those of the publisher, the editors and the reviewers. Any
product that may be evaluated in this article, or claim that may be
made by its manufacturer, is not guaranteed or endorsed by
the publisher.

Supplementary material
The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fpsyt.2026.
1872039/full#supplementary-material

frontiersin.org


mailto:myriam.carbonell@ufv.es
mailto:e.bernabeu.prof@ufv.es
https://www.frontiersin.org/articles/10.3389/fpsyt.2026.1872039/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2026.1872039/full#supplementary-material
https://doi.org/10.3389/fpsyt.2026.1872039
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Carbonell-Colomer et al.

References

1. Carbonell-Colomer M, Marchena-Giraldez C, Bernabéu-Brotons E. Social media
and functional deterioration: Indicators of problematic use in university students. Front
Psychol. (2025) 16. doi: 10.3389/fpsyg.2025.1720760

2. Kessling A, Schmidt LD, Brand M, Wegmann E. Implicit cognitions in problematic social
media use. ] Behav Addict. (2023) 12:590-8. doi: 10.1556/2006.2023.00035

3. Al Ahbabi A, Al Teneiji A, Al Shaer A, Al Jaberi G, Elsayary A. “The effects of social media
on self-esteem”, in: Proceedings of World Multi-Conference on Systemics, Cybernetics and
Informatics, WMSCI, Orlando, FL: International Institute of Informatics and Systemics (IIIS)
(2024) 2024-September, 185-92. doi: 10.54808/WMSCI2024.01.185

4. Huang C, Xu X, Cai Y, Ge Q, Zeng G, Li X, et al. Mining the characteristics of
COVID-19 patients in China: Analysis of social media posts. ] Med Internet Res. (2020)
22:¢19087. doi: 10.2196/19087

5. Burnell K, Fox KA, Maheux AJ, Prinstein MJ. Social media use and mental health: A
review of the experimental literature and implications for clinicians. Curr Treat Options
Psychiatry. (2024) 11:1-16. doi: 10.1007/s40501-024-00311-2

6. Ciudad-Fernandez V, Fournier L, Escriva-Martinez T, Bafios R, Zarco-Alpuente A,
Billieux J. Salience and tolerance are not indicators of problematic social media use:
Evidence from the social media disorder scale and the bergen social media addiction
scale. ] Behav Addict. (2025) 14:1380-93. doi: 10.1556/2006.2025.00073

7. Fournier H, Fournel A, Osiurak F, Koenig O, Paris F, Gaujoux V, et al. Attention
hijacked: How social media notifications disrupt cognitive processing. Comput Hum
Behav. (2026) 179:108926. doi: 10.1016/j.chb.2026.108926

8. Arias Horcajadas F, Orio Ortiz L. Guia clinica sobre adicciones comportamentales
basada en la evidencia. Socidrogalcohol. (2024) 360.

9. Solano AGC, Stover JB. Development and validation of the social media fatigue scale
and its prediction based on normal, pathological, and positive personality traits.
Psicogente. (2025) 28:1-25. doi: 10.17081/psico.28.54.6899

10. Dhir A, Yossatorn Y, Kaur P, Chen S. Online social media fatigue and psycholog-
ical wellbeing—A study of compulsive use, fear of missing out, fatigue, anxiety and
depression. Int J Inf Manage. (2018) 40:141-52. doi: 10.1016/j.ijinfomgt.2018.01.012

11. Maier C, Laumer S, Weinert C, Weitzel T. The effects of technostress and switching
stress on discontinued use of social networking services: A study of Facebook use. Inf
Syst J. (2015) 25:275-308. doi: 10.1111/isj.12068

12. Tan CNL. Toward an integrated framework for examining the addictive use of
smartphones among young adults. Asian J Soc Health Behav. (2023) 6:119-25.
doi: 10.4103/shb.shb_206_23

13. Brand M, Young KS, Laier C, Wolfling K, Potenza MN. Integrating psychological and
neurobiological considerations regarding the development and maintenance of specific
Internet-use disorders: An interaction of person-affect-cognition-execution (I-PACE)
model. Neurosci Biobehav Rev. (2016) 71:252-66. doi: 10.1016/j.neubiorev.2016.08.033

14. Meynadier J, Malouft JM, Schutte NS, Loi NM, Griffiths MD. Relationships
between social media addiction, social media use metacognitions, depression, anxiety,
fear of missing out, loneliness, and mindfulness. Int ] Ment Health Addict. (2025) 24
(3):2399-421. doi: 10.1007/s11469-024-01440-8

15. Chen Y, Li M, Guo F, Wang X. The effect of short-form video addiction on users’
attention. Behav Inf Technol. (2023) 42:2893-910. doi: 10.1080/0144929X.2022.2151512

16. Kuss DJ, Pontes HM, Griffiths MD. Neurobiological correlates in internet gaming disorder:
A systematic literature review. Front Psychiatry. (2018) 9. doi: 10.3389/fpsyt.2018.00166

17. Yan T, Su C, Xue W, Hu Y, Zhou H. Mobile phone short video use negatively
impacts attention functions: An EEG study. Front Hum Neurosci. (2024) 18.
doi: 10.3389/fnhum.2024.1383913

18. Dong G, Li H, Wang L, Potenza MN. Cognitive control and reward/loss processing
in internet gaming disorder: Results from a comparison with recreational internet
game-users. Eur Psychiatry. (2017) 44:30-8. doi: 10.1016/j.eurpsy.2017.03.004

19. Ioannidis K, Hook R, Goudriaan AE, Vlies S, Fineberg NA, Grant JE, et al.
Cognitive deficits in problematic internet use: Meta-analysis of 40 studies. Br ]
Psychiatry. (2019) 215:639-46. doi: 10.1192/bjp.2019.3

20. Kriplin A, Scherbaum S, Kraft EM, Rehbein F, Bithringer G, Goschke T, et al. The
role of inhibitory control and decisionmaking in the course of internet gaming disorder.
J Behav Addict. (2021) 9:990-1001. doi: 10.1556/2006.2020.00076

21. Wang Y, Wu L, Wang L, Zhang Y, Du X, Dong G. Impaired decision-making and
impulse control in internet gaming addicts: Evidence from the comparison with
recreational internet game users. Addict Biol. (2017) 22:1610-21. doi: 10.1111/adb.12458

22. Bechara A. Decision making, impulse control and loss of willpower to resist drugs:
A neurocognitive perspective. Nat Neurosci. (2005) 8(11):1458-63. doi: 10.1038/
nnl584

23. Wiers RW, Bartholow BD, van den Wildenberg E, Thush C, Engels RCME, Sher
KJ, et al. Automatic and controlled processes and the development of addictive
behaviors in adolescents: A review and a model. Pharmacol Biochem Behav. (2007)
86(2):263-83. doi: 10.1016/j.pbb.2006.09.021

24. Belin D, Mar AC, Dalley JW, Robbins TW, Everitt B]. High impulsivity predicts the
switch to compulsive cocaine-taking. Scierce. (2008) 320:1352-6. doi: 10.1126/science.1158136

Frontiers in Psychiatry

15

10.3389/fpsyt.2026.1872039

25. Bocci Benucci S, Rega V, Boursier V, Casale S, Fioravanti G. Impulsivity and
problematic social media sites use: A meta-analysis. ] Psychiatr Res. (2025) 188:183-99.
doi: 10.1016/j.jpsychires.2025.05.035

26. Bowling JT, Friston KJ, Hopfinger JB. Top-down versus bottom-up attention
differentially modulate frontal-parietal connectivity. Hum Brain Mapp. (2020) 41:928-
42. doi: 10.1002/hbm.24850

27. Wilcockson TDW, Pothos EM, Osborne AM, Crawford TJ. Top-down and
bottom-up attentional biases for smoking-related stimuli: Comparing dependent and
non-dependent smokers. Addict Behav. (2021) 118:106886. doi: 10.1016/
j.addbeh.2021.106886

28. Thomson K, Hunter SC, Butler SH, Robertson DJ. Social media ‘addiction’: The
absence of an attentional bias to social media stimuli. ] Behav Addict. (2021) 10:302-13.
doi: 10.1556/2006.2021.00011

29. Bediou B, Adams DM, Mayer RE, Tipton E, Green CS, Bavelier D. Meta-analysis of
action video game impact on perceptual, attentional, and cognitive skills. psychol Bull.
(2018) 144:77-110. doi: 10.1037/bul0000130

30. Boyer M, Dickerson M. Attentional bias and addictive behaviour: automaticity in a
gambling-specific modified Stroop task. (2003) 98(1):61-70. doi: 10.1046/j.1360-
0443.2003.00219.x

31. Van Holst RJ, Lemmens JS, Valkenburg PM, Peter ], Veltman DJ, Goudriaan AE.
Attentional bias and disinhibition toward gaming cues are related to problem gaming in male
adolescents. J Adolesc Health. (2012) 50:541-6. doi: 10.1016/j.jadohealth.2011.07.006

32. Qin Y, Omar B, Musetti A. The addiction behavior of short-form video app
TikTok: The information quality and system quality perspective. Front Psychol. (2022)
13. doi: 10.3389/fpsyg.2022.932805

33. Ye JH, Wu YT, Wu YF, Chen MY, Ye JN. Effects of short video addiction on the
motivation and well-being of Chinese vocational college students. Front Public Health.
(2022) 10. doi: 10.3389/fpubh.2022.847672

34. Stanton Fraser D, Hinvest N, Nikolaidou M. Attentional bias in internet users with
problematic use of social networking sites. ] Behav Addict. (2019) 8:733-42.
doi: 10.1556/2006.8.2019.60

35. Gao Q, Jia G, Zhao J, Zhang D. Inhibitory control in excessive social networking
users: Evidence from an event-related potential-based go-nogo task. Front Psychol.
(2019) 10. doi: 10.3389/fpsyg.2019.01810

36. Moretta T, Buodo G. The relationship between affective and obsessive-compulsive
symptoms in internet use disorder. Front Psychol. (2021) 12. doi: 10.3389/
fpsyg.2021.700518

37. Conkey-Morrison C, Zarate D, March E, Hunt B, Stavropoulos V. Stress-coping
mechanisms and problematic social media use: A network analysis and differences
across men and women. Comput Hum Behav Rep. (2025) 20:100848. doi: 10.1016/
j.chbr.2025.100848

38. Pedrero-Pérez E, Morales-Alonso S, Gallardo-Arriero V, Blazquez-Rollon L, Ruiz-
Sanchez JM. Eje impulsividad-compulsividad en el abuso de tecnologias de la
informacion y la comunicacion (TIC) desde la perspectiva del Proyecto de criterios
de dominio de investigacion (RDoC). Behav Psychology/Psicologia Conductual. (2021)
29:399-415. doi: 10.51668/bp.8321211s

39. Alotiby A. Immunology of stress: A review article. J Clin Med. (2024) 13:6394.
doi: 10.3390/jcm13216394

40. Ivanovska M, Tashev R, Murdjeva M. Acute and chronic stress effects on the
immune system stress-related disorders. In Rezaei N, Yazdanpanah N. (Eds.),
PsychoNeuroImmunology (Integrated Science). Springer (2025) 30:355-80.
doi: 10.1007/978-3-031-73061-0_10

41. Balcerowska M, Kwasnik P. The multifaceted impact of stress on immune function.
Mol Biol Rep. (2025) 52:1008. doi: 10.1007/s11033-025-11134-6

42. Montag C, Marciano L, Schulz PJ, Becker B. Unlocking the brain secrets of social
media through neuroscience. Trends Cognit Sci. (2023) 27:1102-4. doi: 10.1016/
j.tics.2023.09.005

43. Wegmann E, Miiller SM, Turel O, Brand M. Interactions of impulsivity, general
executive functions, and specific inhibitory control explain symptoms of social-
networks-use disorder: An experimental study. Sci Rep. (2020) 10:3866. doi: 10.1038/
541598-020-60819-4

44. Javad M, Kadar Bashah SA, Paulraj P, Chandramohan M, Sajeesh P, Sajna KP, et al.
Association of salivary cortisol level and social media networking usage. Int ] Eng
Technol. (2018) 7(4.14):72-76. doi: 10.14419/ijet.v7i4.14.27474

45. Wadsley M, Thssen N. Restricting social networking site use for one week produces
varied effects on mood but does not increase explicit or implicit desires to use SNSs:
Findings from an ecological momentary assessment study. PLoS One. (2023) 18:
€0293467. doi: 10.1371/journal.pone.0293467

46. Owens AP, Low DA, Iodice V, Mathias CJ, Critchley HD. Emotion and the
autonomic nervous system-a two-way street: Insights from affective, autonomic and
dissociative disorders. In: The Curated Reference Collection in Neuroscience and
Biobehavioral Psychology. Oxford: Elsevier Science Ltd (2016). doi: 10.1016/B978-0-
12-809324-5.01799-5

frontiersin.org


https://doi.org/10.3389/fpsyg.2025.1720760
https://doi.org/10.1556/2006.2023.00035
https://doi.org/10.54808/WMSCI2024.01.185
https://doi.org/10.2196/19087
https://doi.org/10.1007/s40501-024-00311-2
https://doi.org/10.1556/2006.2025.00073
https://doi.org/10.1016/j.chb.2026.108926
https://doi.org/10.17081/psico.28.54.6899
https://doi.org/10.1016/j.ijinfomgt.2018.01.012
https://doi.org/10.1111/isj.12068
https://doi.org/10.4103/shb.shb_206_23
https://doi.org/10.1016/j.neubiorev.2016.08.033
https://doi.org/10.1007/s11469-024-01440-8
https://doi.org/10.1080/0144929X.2022.2151512
https://doi.org/10.3389/fpsyt.2018.00166
https://doi.org/10.3389/fnhum.2024.1383913
https://doi.org/10.1016/j.eurpsy.2017.03.004
https://doi.org/10.1192/bjp.2019.3
https://doi.org/10.1556/2006.2020.00076
https://doi.org/10.1111/adb.12458
https://doi.org/10.1038/nn1584
https://doi.org/10.1038/nn1584
https://doi.org/10.1016/j.pbb.2006.09.021
https://doi.org/10.1126/science.1158136
https://doi.org/10.1016/j.jpsychires.2025.05.035
https://doi.org/10.1002/hbm.24850
https://doi.org/10.1016/j.addbeh.2021.106886
https://doi.org/10.1016/j.addbeh.2021.106886
https://doi.org/10.1556/2006.2021.00011
https://doi.org/10.1037/bul0000130
https://doi.org/10.1046/j.1360-0443.2003.00219.x
https://doi.org/10.1046/j.1360-0443.2003.00219.x
https://doi.org/10.1016/j.jadohealth.2011.07.006
https://doi.org/10.3389/fpsyg.2022.932805
https://doi.org/10.3389/fpubh.2022.847672
https://doi.org/10.1556/2006.8.2019.60
https://doi.org/10.3389/fpsyg.2019.01810
https://doi.org/10.3389/fpsyg.2021.700518
https://doi.org/10.3389/fpsyg.2021.700518
https://doi.org/10.1016/j.chbr.2025.100848
https://doi.org/10.1016/j.chbr.2025.100848
https://doi.org/10.51668/bp.8321211s
https://doi.org/10.3390/jcm13216394
https://doi.org/10.1007/978-3-031-73061-0_10
https://doi.org/10.1007/s11033-025-11134-6
https://doi.org/10.1016/j.tics.2023.09.005
https://doi.org/10.1016/j.tics.2023.09.005
https://doi.org/10.1038/s41598-020-60819-4
https://doi.org/10.1038/s41598-020-60819-4
https://doi.org/10.14419/ijet.v7i4.14.27474
https://doi.org/10.1371/journal.pone.0293467
https://doi.org/10.1016/B978-0-12-809324-5.01799-5
https://doi.org/10.1016/B978-0-12-809324-5.01799-5
https://doi.org/10.3389/fpsyt.2026.1872039
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Carbonell-Colomer et al.

47. Feng YX, Roslan NS, Izhar LI, Rahman MA, Faye I, Ho ETW. Conversational task
increases heart rate variability of individuals susceptible to perceived social isolation.
Int ] Environ Res Public Health. (2021) 18:9858. doi: 10.3390/ijerph18189858

48. Hamidovic A, Van Hedger K, Choi SH, Flowers S, Wardle M, Childs E. Quantitative
meta-analysis of heart rate variability finds reduced parasympathetic cardiac tone in
women compared to men during laboratory-based social stress. Neurosci Biobehav Rev.
(2020) 114:194-200. doi: 10.1016/j.neubiorev.2020.04.005

49. He ZH, Li MD, Ma XY, Liu CJ. Family socioeconomic status and social media addiction
in female college students: The mediating role of impulsiveness and inhibitory control. J
Genet Psychol. (2021) 182:60-74. doi: 10.1080/00221325.2020.1853027

50. Oppenheimer S, Bond L, Smith C. Social media does not elicit a
physiological stress response as measured by heart rate and salivary cortisol over 20-
minute sessions of cell phone use. PLoS One. (2024) 19:¢0298553. doi: 10.1371/
journal.pone.0298553

51. Rus HM, Tiemensma J. Social media as a shield: Facebook buffers acute stress.
Physiol Behav. (2018) 185:46-54. doi: 10.1016/j.physbeh.2017.12.021

52. Ali N, Nater UM. Salivary alpha-amylase as a biomarker of stress in behavioral
medicine. Int ] Behav Med. (2020) 27:337-42. doi: 10.1007/s12529-019-09843-x

53. Nater UM, Rohleder N. Salivary alpha-amylase as a non-invasive biomarker for the
sympathetic nervous system: Current state of research. Psychoneuroendocrinology.
(2009) 34:486-96. doi: 10.1016/j.psyneuen.2009.01.014

54. Morris MC, Kouros CD, Mielock AS, Rao U. Depressive symptom composites
associated with cortisol stress reactivity in adolescents. J Affect Disord. (2017) 210:181—
8. doi: 10.1016/j.jad.2016.12.023

55. Shafi RMA, Nakonezny PA, Miller KA, Desai J, Almorsy AG, Ligezka AN, et al.
Altered markers of stress in depressed adolescents after acute social media use. |
Psychiatr Res. (2021) 136:149-56. doi: 10.1016/j.jpsychires.2021.01.055

56. Feldman R, Gordon I, Zagoory-Sharon O. Maternal and paternal plasma, salivary, and
urinary oxytocin and parent-infant synchrony: Considering stress and affiliation components
of human bonding. Dev Sci. (2011) 14:752-61. doi: 10.1111/.1467-7687.2010.01021.x

57. Han X, Ma Y. Oxytocin in human social network cooperation. Neuroscientist.
(2025) 31(4):409-24. doi: 10.1177/10738584241293366

58. Lischke A, Gamer M, Berger C, Grossmann A, Hauenstein K, Heinrichs M, et al.
Oxytocin increases amygdala reactivity to threatening scenes in females.
Psychoneuroendocrinology. (2012) 37:1431-8. doi: 10.1016/j.psyneuen.2012.01.011

59. Marazziti D, Dell'osso B, Baroni S, Mungai F, Catena M, Rucci P, et al. A
relationship between oxytocin and anxiety of romantic attachment. (2006) 2(1):28.
doi: 10.1186/1745-0179-2-28

60. Taylor SE, Saphire-Bernstein S, Seeman TE. Are plasma oxytocin in women and
plasma vasopressin in men biomarkers of distressed pair-bond relationships? psychol
Sci. (2010) 21:3-7. doi: 10.1177/0956797609356507

61. Heinrichs M, Baumgartner T, Kirschbaum C, Ehlert U. Social support and
oxytocin interact to suppress cortisol and subjective responses to psychosocial stress.
Biol Psychiatry. (2003) 54:1389-98. doi: 10.1016/S0006-3223(03)00465-7

62. Bartz JA, Zaki ], Bolger N, Ochsner KN. Social effects of oxytocin in humans: Context
and person matter. Trends Cognit Sci. (2011) 15:301-9. doi: 10.1016/j.tics.2011.05.002

63. Jiang Q, Li Y, Shypenka V. Loneliness, individualism, and smartphone addiction
among international students in China. Cyberpsychol Behav Soc Networking. (2018)
21:711-8. doi: 10.1089/cyber.2018.0115

64. Cardoso C, Linnen AM, Joober R, Ellenbogen MA. Coping style moderates the
effect of intranasal oxytocin on the mood response to interpersonal stress. Exp Clin
Psychopharmacol. (2012) 20:84-91. doi: 10.1037/a0025763

65. Quirin M, Kuhl J, Diising Rainer R. Oxytocin buffers cortisol responses to stress in
individuals with impaired emotion regulation abilities. Psychoneuroendocrinology.
(2011) 36:898-904. doi: 10.1016/j.psyneuen.2010.12.005

66. Parry DA, Davidson BI, Sewall CJR, Fisher JT, Mieczkowski H, Quintana DS. A
systematic review and meta-analysis of discrepancies between logged and self-reported
digital media use. Nat Hum Behav. (2021) 5:1535-47. doi: 10.1038/s41562-021-01117-5

67. Wegmann E, Brand M, Snagowski J, Schiebener J. Are you able not to react to what
you hear? Inhibition behavior measured with an auditory Go/NoGo paradigm. J Clin
Exp Neuropsychol. (2017) 39:58-71. doi: 10.1080/13803395.2016.1201461

68. Verdejo-Garcia A, Pérez-Garcia M. Profile of executive deficits in cocaine and heroin
polysubstance users: Common and differential effects on separate executive components.
Psychopharmacology. (2007) 190:517-30. doi: 10.1007/500213-006-0632-8

69. Task Force of the European Society of Cardiology and the North American Society
of Pacing and Electrophysiology. Heart rate variability: Standards of measurement,
physiological interpretation, and clinical use. Circulation. (1996) 93(5):1043-65.
doi: 10.1161/01.CIR.93.5.1043

70. Lopez-Arjona M, Ceron JJ, Mateo SV, Contreras-Aguilar MD, Martinez-Subiela S.
Validation of two immunoassays for oxytocin measurements in human saliva. PLoS
One. (2024) 19:€0297539. doi: 10.1371/journal.pone.0297539

71. Lopez-Arjona M, Ceron JJ, Mateo SV, Contreras-Aguilar MD, Martinez-Subiela S.
Validation of two immunoassays for oxytocin measurements in human saliva. PLoS
One. (2024) 19(4):¢0297539. doi: 10.1371/journal.pone.0297539

Frontiers in Psychiatry

16

10.3389/fpsyt.2026.1872039

72. Quintana DS, Guastella AJ. An allostatic theory of oxytocin. Trends Cognit Sci.
(2020) 24:515-28. doi: 10.1016/j.tics.2020.03.008

73. Tecles F, Fuentes-Rubio M, Tvarijonaviciute A, Martinez-Subiela S, Fatjo J, Ceron JJ.
Assessment of stress associated with an oral public speech in veterinary students by salivary
biomarkers. ] Veterinary Med Educ. (2014) 41:37-43. doi: 10.3138/jvme.0513-073R1

74. Forte G, Casagrande M. The intricate brain-heart connection: The relationship
between heart rate variability and cognitive functioning. Neuroscience. (2025) 565:369-
76. doi: 10.1016/j.neuroscience.2024.12.004

75. Pham T, Lau ZJ, Chen SHA, Makowski D. Heart rate variability in psychology: A
review of hrv indices and an analysis tutorial. Sensors. (2021) 21:3998. doi: 10.3390/
521123998

76. Nater UM, La Marca R, Florin L, Moses A, Langhans W, Koller MM, et al. Stress-
induced changes in human salivary alpha-amylase activity - associations with adre-
nergic activity. Psychoneuroendocrinology. (2006) 31:49-58. doi: 10.1016/
j.psyneuen.2005.05.010

77. Thayer JF, Lane RD. A model of neurovisceral integration in emotion regulation
and dysregulation. J Affect Disord. (2000) 61:201-16. doi: 10.1016/S0165-0327(00)
00338-4

78. Walther LM, von Kinel R, Zuccarella-Hackl C, Wirtz PH. Hyperreactivity of
salivary alpha-amylase to acute psychosocial stress and norepinephrine infusion in
essential hypertension. Biomedicines. (2022) 10:1762. doi: 10.3390/biomedi-
Ccines10071762

79. Allwood MA, Handwerger K, Kivlighan KT, Granger DA, Stroud LR. Direct and
moderating links of salivary alpha-amylase and cortisol stress-reactivity to youth
behavioral and emotional adjustment. Biol Psychol. (2011) 88:57-64. doi: 10.1016/
j-biopsycho.2011.06.008

80. Goulter N, Amin-Esmaeili M, Susukida R, Kush JM, Godwin J, Masyn K, et al.
Impulsivity profiles across five harmonized longitudinal childhood preventive inter-
ventions and associations with adult outcomes. Dev Psychopathol. (2025) 37:990-1003.
doi: 10.1017/S0954579424000828

81. Kuhn MA, Ahles JJ, Aldrich JT, Wielgus MD, Mezulis AH. Physiological self-
regulation buffers the relationship between impulsivity and externalizing behaviors
among nonclinical adolescents. ] Youth Adolescence. (2018) 47:829-41. doi: 10.1007/
510964-017-0689-1

82. Boucsein W. Electrodermal activity 2nd ed. Springer. (2012). doi: 10.1007/978-1-
4614-1126-0

83. Brand M, Wegmann E, Stark R, Miiller A, Wélﬂing K, Robbins TW, et al. The
Interaction of Person-Affect-Cognition-Execution (I-PACE) model for addictive be-
haviors: Update, generalization to addictive behaviors beyond internet-use disorders,
and specification of the process character of addictive behaviors. Neurosci Biobehav
Rev. (2019) 104:1-10. doi: 10.1016/j.neubiorev.2019.06.032

84. Penolazzi B, Del Missier F, Stramaccia DF, Monego AL, Castelli L, Manzan A, et al.
Testing the transdiagnostic hypothesis of inhibitory control deficits in addictions: An
experimental study on gambling disorder. J Behav Addict. (2020) 9:339-46.
doi: 10.1556/2006.2020.00021

85. Marciano L, Camerini AL, Morese R. The developing brain in the digital era: A
scoping review of structural and functional correlates of screen time in adolescence.
Front Psychol. (2021) 12. doi: 10.3389/fpsyg.2021.671817

86. Nasser NS, Sharifat H, Rashid AA, Hamid SA, Rahim EA, Loh JL, et al. Cue-
reactivity among young adults with problematic Instagram use in response to
Instagram-themed risky behavior cues: A pilot fMRI study. Front Psychol. (2020) 11.
doi: 10.3389/fpsyg.2020.556060

87. Kromenacker BW, Sanova AA, Marcus FI, Allen JJB, Lane RD. Vagal mediation of
low-frequency heart rate variability during slow yogic breathing. Psychosomatic Med.
(2018) 80:581-7. doi: 10.1097/PSY.0000000000000603

88. Roshanmehr H, Tavakoli R, Khaledi M, Fathi ], Shafiea SM, Aberomand M, et al.
Evaluating the activity of salivary enzymes as stress biomarkers under psychological
stress and their relationship with rumination and personality traits. Biomarkers. (2021)
26:477-82. doi: 10.1080/1354750X.2021.1919762

89. Liu D, He B, Feng R, Huang X, Liu G. How social media sharing drives
consumption intention: The role of social media envy and social comparison orien-
tation. BMC Psychol. (2024) 12:157. doi: 10.1186/s40359-024-01627-7

90. Ellis B], Boyce WT, Belsky ], Bakermans-Kranenburg MJ, Van Ijzendoorn MH.
Differential susceptibility to the environment: An evolutionary- neurodevelopmental
theory. Dev Psychopathol. (2011) 23:7-28. doi: 10.1017/S0954579410000611

91. Jiao J, Dong X, Nuermaimaiti N, Liu Y. The relationship between passive social media
site use and sub-threshold depression among college students: A moderated mediation
model. BMC Psychol. (2025) 13:739. doi: 10.1186/s40359-025-02849-z

92. Witkiewitz K, Bowen S, Harrop EN, Douglas H, Enkema M, Sedgwick C.
Mindfulness-based treatment to prevent addictive behavior relapse: Theoretical
models and hypothesized mechanisms of change. Subst Use Misuse. (2014) 49:513-
24. doi: 10.3109/10826084.2014.891845

93. Thayer JF, Yamamoto SS, Brosschot JF. The relationship of autonomic imbalance,

heart rate variability and cardiovascular disease risk factors. Int J Cardiol. (2010) 141
(2):122-31. doi: 10.1016/j.ijcard.2009.09.543

frontiersin.org


https://doi.org/10.3390/ijerph18189858
https://doi.org/10.1016/j.neubiorev.2020.04.005
https://doi.org/10.1080/00221325.2020.1853027
https://doi.org/10.1371/journal.pone.0298553
https://doi.org/10.1371/journal.pone.0298553
https://doi.org/10.1016/j.physbeh.2017.12.021
https://doi.org/10.1007/s12529-019-09843-x
https://doi.org/10.1016/j.psyneuen.2009.01.014
https://doi.org/10.1016/j.jad.2016.12.023
https://doi.org/10.1016/j.jpsychires.2021.01.055
https://doi.org/10.1111/j.1467-7687.2010.01021.x
https://doi.org/10.1177/10738584241293366
https://doi.org/10.1016/j.psyneuen.2012.01.011
https://doi.org/10.1186/1745-0179-2-28
https://doi.org/10.1177/0956797609356507
https://doi.org/10.1016/S0006-3223(03)00465-7
https://doi.org/10.1016/j.tics.2011.05.002
https://doi.org/10.1089/cyber.2018.0115
https://doi.org/10.1037/a0025763
https://doi.org/10.1016/j.psyneuen.2010.12.005
https://doi.org/10.1038/s41562-021-01117-5
https://doi.org/10.1080/13803395.2016.1201461
https://doi.org/10.1007/s00213-006-0632-8
https://doi.org/10.1161/01.CIR.93.5.1043
https://doi.org/10.1371/journal.pone.0297539
https://doi.org/10.1371/journal.pone.0297539
https://doi.org/10.1016/j.tics.2020.03.008
https://doi.org/10.3138/jvme.0513-073R1
https://doi.org/10.1016/j.neuroscience.2024.12.004
https://doi.org/10.3390/s21123998
https://doi.org/10.3390/s21123998
https://doi.org/10.1016/j.psyneuen.2005.05.010
https://doi.org/10.1016/j.psyneuen.2005.05.010
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.1016/S0165-0327(00)00338-4
https://doi.org/10.3390/biomedicines10071762
https://doi.org/10.3390/biomedicines10071762
https://doi.org/10.1016/j.biopsycho.2011.06.008
https://doi.org/10.1016/j.biopsycho.2011.06.008
https://doi.org/10.1017/S0954579424000828
https://doi.org/10.1007/s10964-017-0689-1
https://doi.org/10.1007/s10964-017-0689-1
https://doi.org/10.1007/978-1-4614-1126-0
https://doi.org/10.1007/978-1-4614-1126-0
https://doi.org/10.1016/j.neubiorev.2019.06.032
https://doi.org/10.1556/2006.2020.00021
https://doi.org/10.3389/fpsyg.2021.671817
https://doi.org/10.3389/fpsyg.2020.556060
https://doi.org/10.1097/PSY.0000000000000603
https://doi.org/10.1080/1354750X.2021.1919762
https://doi.org/10.1186/s40359-024-01627-7
https://doi.org/10.1017/S0954579410000611
https://doi.org/10.1186/s40359-025-02849-z
https://doi.org/10.3109/10826084.2014.891845
https://doi.org/10.1016/j.ijcard.2009.09.543
https://doi.org/10.3389/fpsyt.2026.1872039
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Inhibitory control and stress biomarkers in response to social media stimuli: a Go/No-Go study using heart rate variability, alpha-amylase and oxytocin
	Introduction
	Materials and methods
	Participants
	Cluster assignment procedure
	Procedure
	Measures/stimuli
	Go/NoGo task
	Heart rate
	Oxytocin
	Alpha-amylase

	Statistical analysis

	Results
	Go/No-Go test
	Heart rate
	Oxytocin
	Alpha-amylase

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


