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Abstract

We investigated PTSD, anxiety, and stress in individuals indirectly exposed to the
October 7 events in Israel. Our study utilized data from a three-year prospective
study of 4,806 smartwatch users who completed daily questionnaires, and a panel
study surveying 2,536 individuals twice. Stress symptoms were measured daily, while
PCL-5 and GAD-7 questionnaires assessed PTSD and anxiety prevalence. After
October 7, stress levels soared, with PTSD prevalence reaching 22.9-36.0% at 7-8
weeks post-event, and remaining exceptionally high at 15.9-24.7% after 7 months.
We found a strong correlation between increased PTSD risk and extensive media
consumption. Smartwatch data revealed early PTSD markers such as pronounced
increases in stress levels and declines in mood, physical activity, and sleep quality
within the first week. This study underscores the significant impact of media exposure
on PTSD development and the value of continuous physiological monitoring for early
detection of PTSD after mass traumatic events.

Introduction

Exposure to traumatic events can lead to the development of acute stress disorder
and, subsequently, post-traumatic stress disorder (PTSD) [1]. While early detection
and intervention are crucial for preventing the progression of PTSD [1], there are sev-
eral gaps in the current understanding of PTSD development, particularly in the con-
text of indirect exposure to mass traumatic events—such as the October 7 attacks,
the 9/11 events in the US, or the Ukraine-Russia war—through media outlets.
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First, the prevalence and persistence of PTSD among individuals indirectly
exposed to traumatic events remain unclear. With the rise of social media and the
increasing availability of graphic content, it is essential to understand how this type of
exposure may impact mental health outcomes [2]. For example, exposure to graphic
images from the Boston Marathon bombing in 2013, or the Paris terrorist attacks in
2015, were associated with post-traumatic stress symptoms [2,3]. However, as such
large-scale attacks are relatively rare, it is challenging to assess their impact. Sec-
ond, the relationship between the extent of media consumption, particularly graphic
content, and the risk of developing PTSD needs further investigation [2]. While
previous research indicates that indirect exposure to trauma can precipitate PTSD
symptoms [2,4,5], the specific role of media consumption habits in this process has
not been well established, as many of the media outlets we currently use were not
heavily used at the time (i.e., TikTok, Instagram). Third, the preceding physiological
and behavioral signs of PTSD development among individuals indirectly exposed
to trauma through media have not been well characterized, as most studies relied
on self-reports rather than on objective measures. Identifying these early indicators
could help in developing targeted interventions and prevention strategies.

The events of October 7, 2023, which involved a series of attacks across Israeli
municipalities resulting in significant casualties, sexual abuse, abductions of civilians
from their homes and mass evacuation [6], provided a unique opportunity to inves-
tigate these research gaps in a natural experimental setting. The graphic coverage
of the October 7 events on social media platforms like Telegram and TikTok was
extremely vivid and detailed, and exceeded the official reports in the news, as ter-
rorists used GoPro cameras to record and distribute their actions via social media
platforms. As such, these documented attacks allow for an examination of the impact
of indirect trauma exposure through current uncensored and unsupervised channels
of media on PTSD development.

Previous research has shown that the ‘impact phase’—the initial period post-
trauma—is critical in the development of PTSD, and there is evidence that auto-
nomic arousal, as indicated by elevated resting heart rate and lower cortisol levels,
can predict the development of PTSD [7]. Physiological stress responses, including
the sympathetic adrenal medullary system and the hypothalamic-pituitary-adrenal
axis, are designed for rapid response to stressors. When stress becomes chronic or
repeated, the body engages in allostasis—its ability to dynamically adjust to changing
conditions. However, prolonged activation of these adaptive mechanisms can result
in adverse physiological effects, such as hypertension and sleep disruption, referred
to as allostatic load, leading to a debilitating neuroendocrine pattern [8]. Neuroplasti-
city in brain regions involved in memory and emotion, such as the hippocampus, can
strengthen pathways that trigger ongoing physiological stress responses and hyper-
arousal, laying the groundwork for PTSD [9]. Prior prospective studies have shown
an evolution of PTSD symptoms over time [10] and have identified factors that may
predict emotional distress following traumatic events [11]. The October 7 events allow
us to further understand how PTSD develops and the extent to which these physio-
logical stress responses trigger PTSD symptoms following the traumatic event.
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To address these research gaps and leverage the natural experiment setting provided by the October 7 events, our
study had three main aims. First, we sought to assess the prevalence and persistence of stress symptomatology, PTSD,
and anxiety levels among individuals indirectly exposed to the October 7 events. Second, we aimed to identify early
physiological and behavioral patterns associated with PTSD development among individuals indirectly exposed to trauma.
Third, we aimed to investigate the relationship between the amount of media consumption, and the consumption of gory
graphic content, and the risk of developing PTSD.

To achieve these aims, we analyzed data from two studies. In the prospective study, we analyzed data from an ongoing
three-year observational prospective study of 4,806 participants who were provided with smartwatches and tasked with
completing daily questionnaires using a dedicated mobile application. Complementing this, we conducted a panel study
involving 2,536 participants, ensuring a representative sample of the adult Jewish population in Israel.

Materials and methods
Study design and participants

Panel study. For the panel study, we hired a professional survey company, Sarid Research Institute, to recruit 2,536
participants who completed the first survey between November 23, 2023 and December 3, 2023 (Fig 1A). All participants
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Fig 1. Study participants. (A) panel study, (B) prospective study.

https://doi.org/10.1371/journal.pmen.0000195.9001
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were invited to complete a follow-up survey between May 2, 2024 and May 21, 2024. Of the original panel of 2,536
participants, 1,773 participants completed the second survey (69.9%), and 1,577 of them (i.e., those who were not directly
exposed to trauma) were included in the follow-up analysis. Participants were 18 years of age or older and representative
of the adult Israeli Jewish population in terms of age, sex, and geographical location (S1 Appendix). Recruitment was
conducted via email using a preregistered panelist database. The survey company ensured that all participants met the
study’s eligibility criteria. To maintain sample representativeness, invitations were systematically distributed in a staggered,
quota-based manner. Recruitment continued for each subgroup—defined by age, sex, and geographical location—until
the corresponding quotas were fulfilled, ensuring the final sample accurately reflected the target population.

For inclusion in the panel study, participants were required to be 18 years or older, enrolled in the survey company’s
database of panelists, and willing to consent to the specified terms of the study (S2 Appendix). Panelists were excluded if
they failed to complete the study requirements.

Prospective study. The ongoing PerMed prospective observational study included 4,806 participants aged 18 years
and older who were recruited starting November 1, 2020, from all across Israel [12—-16] (Fig 1B; S1 Appendix). As of
November 23, 2023, a total of 1,751 participants remained active in the study. Participant recruitment was conducted via
advertisements on social media and word-of-mouth. Each participant signed an informed consent form after receiving
a comprehensive explanation of the study from the professional survey company, Sarid Research Institute. Participants
were invited to complete an online PTSD survey 7-8 weeks after October 7. Of the original sample of 4,806 participants,
803 completed the online PTSD survey; among these, 746 were not directly exposed to trauma.

To be included in the PerMed study, participants needed to be 18 years or older, using their own smartphone, and
able to give written informed consent by themselves. Participants were excluded if they knew that they would be outside
of Israel for more than three months continuously at any point for the two years after enroliment. Participants were also
excluded if they were students or employees of the principal investigator.

Procedures

Panel study. Upon enroliment, roughly eight weeks after October 7 events, participants were provided with written
information about the nature of the study. Participants were asked to complete online PTSD and anxiety surveys, to
better understand the effects of the October 7 events and to detect cases of PTSD and anxiety at the nationwide level.

At this stage, participants were also requested to provide demographic information, including age, sex, household size,
educational background, monthly income, religious level, media consumption behavior such as the number of hours they
watched news and the number of graphic videos they watched, and PTSD background (S1 Appendix). Seven months
after October 7, participants were asked to complete a second follow-up online survey on PTSD and anxiety. This survey
aimed to better understand the long-term prevalence of estimated PTSD and anxiety levels in the Israeli population.

The online surveys incorporated the Post-traumatic Stress Disorder Checklist (PCL-5), a self-report questionnaire
designed to assess the 20 symptoms outlined in the DSM-5 criteria for PTSD. The PCL-5 serves various purposes, includ-
ing screening individuals for PTSD and making provisional diagnoses [17]. It is widely used for clinical and research pur-
poses; psychometrically, the PCL-5 demonstrates strong internal consistency (a=.94), high test-retest reliability (r=0.82),
and strong convergent validity (r=0.74 to 0.85) [17]. The nine or more required symptoms of Acute Stress Disorder (ASD)
are basically the same as those of PTSD in the DSM-5TR, are not constrained to being distributed among separate cat-
egories of intrusion, negative mood, dissociation, avoidance and arousal, and must occur three days to one month after
trauma exposure. ASD often precedes but is not the only pathway to developing PTSD.

The surveys also utilized the General Anxiety Disorder (GAD) 7-item questionnaire (GAD-7) to identify cases of GAD
and measure anxiety symptom severity. The tool is also widely used as a screening measure of panic, social anxiety, and
PTSD. The questionnaire is considered valid, sensitive, and specific for the diagnosis of GAD in the general population
[18]. We used the Israeli Ministry of Health’s Hebrew translation of these two questionnaires.
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Prospective study. After enroliment in the prospective study, participants used the PerMed mobile application to
complete a daily questionnaire [14,16,19]. The questionnaire allowed participants to report on stress levels (reported
on a scale of 1-5, where 1 represents ‘very low,” and 5 signifies ‘very high.’), mood (reported on a scale of 1-5 where 1
represents ‘awful’ and 5 signifies ‘excellent’), and sleep quality (reported on a scale of 1-5 where 1 represents ‘awful’ and
5 signifies ‘excellent’) (S1 Appendix). Participants who were active in the study after the October 7 events were asked to
fillin an online PTSD survey eight weeks later (S2 Appendix).

Participants in the prospective cohort were equipped with Garmin Vivosmart 4 fithess trackers. Among other features,
the smartwatch collects data on all-day heart rate, heart rate variability (HRV)-based stress [20], step counts, sleep
duration, and sleep-level classification, including light, deep, rapid eye movement (REM), and awake periods during sleep
[12] (S1 Appendix). We focused on these measures because they provide continuous information on the well-being of an
individual. Additionally, individuals diagnosed with PTSD may encounter nightmares or insomnia and often report a reduc-
tion in sleep time due to waking up earlier than desired, restlessness during the night, and difficulties falling asleep, all of
which impact daily life [21]. Step counts are strongly correlated with the physical activity level of an individual. Given that
PTSD is often co-morbid with, and shares overlapping clinical features of, anxiety and depression, individuals diagnosed
with PTSD tend to be less physically active [22].

We developed a dedicated data collection platform that collects for each participant data from the smartphone sensors
and daily questionnaires via the PerMed application and the smartwatch sensors via the Garmin Health Application Pro-
gramming Interface (S1 Appendix). These collected data are securely stored in Tel Aviv University facilities.

Participants received Garmin Vivosmart 4 smartwatches, and installed two applications on their mobile phones: (i)
the PerMed application [14,16,19], which collects daily self-reported questionnaires; and (ii) an application that passively
records smartwatch data. Participants were asked to wear their smartwatches as much as possible. Using a dedicated
dashboard to monitor compliance, a survey company ensured that participants’ questionnaires were filled out at least
twice a week, that their smartwatches were charged and properly worn, and that any technical problems with the mobile
applications or smartwatch were resolved (S1 Appendix).

We implemented several preventive measures to minimize participant attrition and discomfort and thereby improve
the quality, continuity, and reliability of the collected data. First, each day, participants who did not fill out their daily
questionnaire by 19:00h received a reminder notification through the PerMed application. Second, we developed a
dedicated dashboard that allowed the survey company to identify participants who repeatedly neglected to complete
the daily questionnaire or did not wear their smartwatch for extended periods of time. These participants were con-
tacted by the survey company (either by text message or phone call) and were encouraged to better adhere to the
study protocol. Third, to strengthen participants’ engagement, a weekly summary report was generated for each par-
ticipant, which was available inside the PerMed application. Similarly, a monthly newsletter with recent findings from
published studies and useful tips regarding the smartwatch’s capabilities was sent to the participants. At the end of
two years, participants received all the obtained personal insights and could keep the smartwatch as a

gift (S1 Appendix).

Outcomes

For both the prospective and panel study cohorts, we analyzed the online PTSD survey (Table S2.1 in S2 Appendix). We
defined the main outcomes as PTSD and anxiety levels for each participant.

For the prospective study, we analyzed step counts, sleep duration, and awake episodes during sleep from the smart-
watches. In analyzing the daily questionnaires, we calculated the daily mean of reported stress, reported mood, reported
sleep quality, and reported sleep duration before and after the events of October 7. For each measure, the prespecified
outcomes are the daily mean value of each measurement. We calculated the daily mean value before and after the events
of October 7.
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We also analyzed heart rate and HRV-based stress from smartwatches. For these measures, we calculated the hourly
mean value before and after the events of October 7.

Statistical analysis

PTSD diagnosis requires an interview conducted by a trained clinician. In this study, the outcome was derived from a
screening tool. We defined PTSD as a total score of 33 on the PCL-5 questionnaire and meeting the DSM-5 diagnostic
rule which requires at least: 1 B item (questions 1-5), 1 C item (questions 6—7), 2 D items (questions 8-14), 2 E items
(questions 15-20). This definition aligns with the most conservative criteria, consistent with the guidelines established by
the International Society for Traumatic Stress Studies [23] (S2 Appendix). In a secondary analysis, we considered a less
conservative definition of PTSD, whereby it is identified by either a total score of 31 on the PCL-5 questionnaire or by
meeting the DSM-5 diagnostic rule.

In line with the GAD-7 criteria, the anxiety level of participants was determined by the total score: no anxiety (0—4), mild
(5-9), moderate (10-14) and severe (215) [18].

Only fully completed questionnaires were included in the analyses; hence, no imputation or other handling of missing
data was required for either the descriptive statistics or the inferential statistics.

Panel study

Descriptive statistics. We analyzed the data of participants who had indirect exposure to the events of October 7.
Specifically, differently from the DSM-5 definition of indirect exposure, we defined indirect exposure for all participants
who, along with their immediate family, were not injured, killed, or abducted (S2 Appendix). To ensure specificity in
attributing PTSD sources, we also excluded individuals who were forced to evacuate their homes following the October 7
events, as this stressful experience which inflicted about 200,000 citizens may also contribute to PTSD symptomatology.
We evaluated the estimated prevalence of PTSD as the proportion of individuals with PTSD (as assessed in the first
PTSD survey). We also stratified the PTSD prevalence estimate by (a) the duration of news information consumption
during the first week after October 7 and (b) the extent of exposure to gory videos (such as videos documenting the
killings carried out on October 7, or the abductions of the captives (S2 Appendix). We also evaluated the rates of exposure
to gory videos on different media platforms (Instagram, TikTok, etc.). Specifically, we divided the number of participants
who were exposed to gory videos on each platform by the number of participants who consumed news information using
that platform. Additionally, we examined the rates of each anxiety level category. The 95% confidence intervals (Cls) were
obtained under the assumption of binomial distributions.

Inferential statistics. To examine the associations between PTSD/anxiety (as assessed in the first PTSD survey), duration
of news consumption during the first week following October 7, and the extent of exposure to gory videos, while controlling
for other explanatory variables (age, sex, educational background, religious level, socioeconomic level, and PTSD/anxiety
background), we applied a logistic regression model. For both models, we derived the odds ratios and their corresponding
95% confidence intervals from the values of the regression coefficients. More details are available in S3 Appendix.

Prospective study

Descriptive statistics: From the commencement of the prospective study on January 1, 2021, to April 30, 2024, we col-
lected 2,106,435 days of smartwatch data and 787,998 self-reported questionnaires. Additionally, 803 participants filled
out the PTSD online survey 7—8 weeks after October 7.

Before analyzing the data, we conducted a preprocessing step. If participants filled out the daily questionnaire more
than once on the same day, only the latest questionnaire for that day was considered. The rationale behind this decision
was that once a questionnaire was filled out, it was sent to the server, and could not be updated. Therefore, in the case of
a filling error, participants were instructed to re-fill the questionnaire.
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For a more comprehensive understanding of individual perception, we examined the reported stress levels throughout
the PerMed study period. We calculated the daily moving average and the associated 95% confidence interval with a
7-day window from January 1, 2021 to April 30, 2024 for all active participants. For participants who filled out the PTSD
online survey, we implemented the same procedure, stratifying them based on whether they exhibited PTSD.

We noted several significant national events that might have influenced reported stress levels, including the major Jew-
ish holidays (Passover and Rosh Hashanah), two armed conflicts in 2022 and 2023 involving the firing of at least 1,000
rockets at the civilian population, a major political demonstration related to judicial reform that was escalated on March
26, 2023, following the dismissal of the Minister of Defense and the strike in both the public and private sectors, and the
SARS-CoV-2 Omicron wave, which persisted from December 20, 2021 to May 1, 2021, with approximately 30% of the
Israeli population reportedly infected and a forced lockdown [24].

For each participant who remained active after October 7, 2023, we assessed 10 well-being indicators in the week
prior to October 7, 2023 (baseline period) and the week after October 7, 2023: reported mood level, reported stress level,
reported sleep quality, reported sleep time, step count, distance travelled, and duration of awake and light/REM/deep
sleep periods during sleep. We computed a single weighted average value for each of the two periods.

The weighted average for each participant was determined by first averaging the corresponding indicator values
separately for workdays and free days (weekends and national holidays). Subsequently, the weighted average of
these two values was calculated, assigning a weight of 5/7 to workdays and 2/7 to free days. The rationale for com-
puting this weighted average is further explained elsewhere [12]. In essence, we identified a weekly rhythm across
various indicators, with free days exhibiting different mean daily values than workdays. Given the relatively short
duration of the examined time periods and variations in the number of free days (e.g., holidays), we aimed to correct
for potential biases.

Finally, for each of the 10 indicators, we calculated the average over all participants and the associated 95% confi-
dence interval for each period, as well as the average difference.

For participants who filled out the PTSD online survey and were indirectly exposed, we repeated the above analyses,
stratifying participants based on whether they exhibited PTSD.

Inferential statistics: To investigate the statistical significance of differences between the two periods and between
the exhibition of PTSD and no exhibition, we used a mixed ANOVA design. For each of the above-noted 10 indicators,
we used a separate mixed ANOVA test. In each test, the considered indicator served as the dependent variable. For the
independent variables (main factors), the within-subjects factor was the period (the week prior to October 7, 2023 and
the week after October 7, 2023(. The between-subjects factor was the exhibition of PTSD (as assessed in the first PTSD
survey). To reduce the risk of inflated Type | errors due to multiple comparisons, we applied the Benjamini-Hochberg
procedure. More details are available in S3 Appendix. All statistical analyses were performed using Python 3.8 with the
following libraries: statsmodels 0.14.1, scipy 1.8.0.

Ethics

The panel study and the prospective study protocols were approved by the Tel Aviv University Institutional Review Board
(0007545-1). Before participating in the panel study, all subjects were advised, in writing, as to the nature of the study. All
data were de-identified and no personally identifiable information was gathered.

Results
Levels of stress, anxiety, and PTSD

The first aim of our study was to assess the degree to which indirect exposure to an acute and severe large-scale stressor
can trigger the occurrence of PTSD, anxiety, and stress symptoms. On the morning of October 7, 2023, during a time
usually marked by holiday calm and weekend relaxation, a series of unexpected atrocities jolted the Israeli population,
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resulting in the first 48 hours in about 1,450 dead and 11,500 wounded civilians and soldiers, and 250 people being taken
hostage. In addition, 200,000 civilians were evacuated from their homes. Regardless of political views, this event serves
as a natural experiment, triggering unprecedented levels of stress, anxiety, and post-traumatic stress disorder responses.
The extent of this upheaval was captured through detailed data from daily self-reported questionnaires and a variety of
physiological metrics measured by smartwatches worn by participants in our prospective study, as well as in reports by
participants in the panel study.

Acute stress symptomatology in the prospective study

Data based on 787,998 daily questionnaires filled out by 4,806 participants between January 1, 2021 and April 30, 2024
revealed that reported stress levels after October 7 were unprecedented (a maximum level of 3.45 [95% ClI: 3.3-3.6], on

a scale of 1-5; ‘very low'— ‘very high’) and far exceeded those observed during previous events, including acute stressors
that occurred during this period (Fig 2A). This includes the deadliest and most contagious COVID-19 wave, during which
30% of the Israeli population tested positive over a short period of three months (a maximum stress level of 2.44 [95% CI:
2.4-2.48]); widespread political protests sparked by a controversial judicial reform, culminating in the dismissal of an Israeli
minister and strikes across private and public sectors (a maximum level of 2.6 [95% CI: 2.54-2.66]); and intense military
engagements, with over 1,000 rockets launched in 2022 and 2023 from Gaza towards multiple Israeli cities (a maximum
level of 2.94 [95% CI: 2.83-3.05]).

Prospective study
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Fig 2. Prospective study measurements before and after October 7. (A) Mean daily reported stress levels for the prospective study’s active partici-
pants for the period January 1, 2021, to April 30, 2024. The stress levels were reported by participants as part of 787,998 daily questionnaires filled out.
Stress was reported on a scale of 1 (Low) - 5 (High). The presented values are the daily moving average and the associated 95% confidence interval
using a 7-day window. Panels (B-G) compare the measures recorded in a one-week period before October 7 (September 30, 2023 to October 6, 2023)
with those from the week after. Mean values and 95% confidence intervals are presented. In all panels, the color red represents data recorded after
October 7, and green represents data recorded before October 7.

https://doi.org/10.1371/journal.pmen.0000195.9002
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To explore the adverse effect of October 7 on objective and subjective stress responses, we compared the levels of
10 well-being indicators in the week that preceded October 7 (September 30 to October 6) and the week that followed
October 7 (October 7 to October 14) (Table D in S4 Appendix). Fig 2B—G, depicts the six indicators (in addition to reported
stress level) for which the difference between the two periods was found to be statistically significant (Table F in S4
Appendix). As shown in Fig 2B—G, there was a marked decline in reported mood level (3.68 [95% CI: 3.59-3.77] vs. 2.81
[95% CI: 2.69-2.93], on a scale of 1-5); decreased physical activity, as evidenced by a significant drop in daily step count
(7,881 [95% CI: 7,588-8,175] vs. 6,127 [95% CI: 5,841-6,411] steps) and distance travelled (5,983 [95% CI: 5,676-6,290]
vs. 4,605 [95% CI: 4,326-4,885] meters); and a distinct decrease in sleep quality, as evidenced by a decrease in reported
sleep quality (3.51 [95% CI: 3.41-3.60] vs. 3.14 [95% CI: 3.03-3.25], on a scale of 1-5), a decrease in reported sleep time
(6.61[95% CI: 6.49-6.74] vs. 6.38 [95% CI: 6.23-6.53] hours), and an increase in awake time during night sleep (594.25
[95% Cl: 544.84-643.66] vs. 687.35 [95% CI: 628.82-745.88] seconds).

Further evidence for intense physiological arousal during the first 72 hours after October 7 can be found in Figs A and
B in S4 Appendix, where compared to the baseline level measured on the same days and hours one week before October
7, there was a significant increase in heart rate, as well as in HRV-based stress. These changes were comparable to the
reactions we previously observed following COVID-19 vaccinations [13].

Levels of PTSD and anxiety in the panel study

Next, we evaluated the extent to which the atrocities had post-traumatic effects on Israeli civilians who were indirectly
exposed to the atrocities. To do so, we conducted a survey among a panel of 2,536 participants 7—8 weeks after October
7. Participants were representative of the adult Jewish population in Israel by age, sex, and geographical location (Table
Ain S4 Appendix). We measured PTSD using the Post-traumatic Stress Disorder Checklist (PCL-5). The PCL-5 ques-
tionnaire [17] has previously demonstrated strong internal consistency, high test-retest reliability, and strong convergent
validity with the gold standard PTSD diagnosis. Among the 2,341 participants who were indirectly exposed to the atrocities
and filled out the first PTSD survey, the estimated prevalence of PTSD was 22.90% [95% CI: 21.19%-24.60%] using the
most conservative case definition (Table 1).

Seven months after October 7 (during May 2024), all participants were invited to complete a follow-up survey. Of the
initial sample, 1,773 completed the second PTSD survey; 1,577 of these participants were indirectly exposed. PTSD
prevalence continued to remain considerably high, with estimated PTSD prevalence of 15.98% [95% Cl: 14.20%-17.82%]
using the most conservative case definition. This prevalence was substantially higher than the 7.5% found 6-8 weeks
after the 9/11 terror attack among New York City residents [5,25].

Estimated PTSD prevalences for the least conservative case definition are presented in S4 Appendix.

We also measured anxiety symptoms using the General Anxiety Disorder (GAD) 7-item questionnaire. Among those
not directly exposed, the estimated prevalence of anxiety in the first online survey was 57.84% [95% CI: 55.83%-59.85%],
with 27.21% [95% CI: 25.42%-29.00%)] having moderate to severe anxiety (Table 1). Seven months after October 7, the
estimated prevalence of anxiety remained relatively high, with 41.53% [95% CI: 39.12%-43.94%] exhibiting symptoms of
anxiety.

Physiological, psychological, and behavioral patterns associated with PTSD in the prospective study

The second aim of our study was to identify physiological, psychological, and behavioral patterns associated with the
likelihood of developing PTSD following indirect exposure to a severe acute stressor. To answer this question, we asked
the prospective study participants to complete the online PTSD survey (using the same PCL-5 measure) 7—8 weeks after
October 7. In this sample of 746 participants who completed the survey and were indirectly exposed, 16.22% [95% CI
13.67%-18.90%] were diagnosed with PTSD assuming the most conservative criteria. Estimated PTSD prevalence for the
least conservative case definition as well as estimated prevalence of anxiety levels are presented in S4 Appendix.

PLOS Mental Health | https://doi.org/10.1371/journal.pomen.0000195 September 10, 2025 9/17




PLOK. Mental Health

Table 1. Estimated PTSD prevalence and anxiety levels among participants in the panel study cohort who were indirectly exposed to October

7 atrocities.

First survey

Second survey

Total N

2,341

1,388

Estimated PTSD prevalencef
% (95% CI")

22.90% (21.19%-24.60%)

15.98% (14.20%-17.82%)

Estimated anxiety levels$
% (95% CI")

No 42.16% (40.15%-44.17%) 58.47% (56.06%-60.88%)
Mild 30.63% (28.75%-32.51%) 25.17% (23.02%-27.33%)
Moderate 17.77% (16.23%-19.35%) 11.35% (9.83%-12.94%)
Severe 9.44% (8.29%-10.64%) 5.01% (3.93%-6.09%)

Any (mild-to-severe)

57.84% (55.83%-59.85%)

41.53% (39.12%-43.94%)

Moderate-to-severe

27.21% (25.42%-29.00%)

16.36% (14.58%-18.20%)

*95% Cl was obtained under the assumption of binomial distribution.

TEstimated prevalence based on the most conservative criteria defined as a total score of 33 on the PCL-5 questionnaire and meeting the DSM-5 diag-
nostic rule which requires at least: 1 B item (questions 1-5), 1 C item (questions 6—7), 2 D items (questions 8-14), 2 E items (questions 15-20).

SIn line with the GAD-7 criteria, the anxiety level of participants was determined by the total score: no anxiety (0—4), mild (5-9), moderate (10-14), and
severe (215).

https://doi.org/10.1371/journal.pmen.0000195.t001

We found statistically significant differences in the baseline period between individuals who later exhibited PTSD
and those who did not, in 7 out of the 10 considered well-being indicators (Tables E and F in S4 Appendix). Specifically,
individuals who later exhibited PTSD had lower reported mood levels (3.55 [95% CI: 3.50-3.61] vs. 3.71 [95% CI: 3.66-
3.76], on a scale of 1-5); higher reported stress levels (2.67 [95% Cl: 2.60-2.73] vs. 2.29 [95% CI: 2.23-2.34], on a scale
of 1-5); decreased physical activity, as evidenced by daily step count (7,492 [95% CI: 7,320-7,663] vs. 8,022 [95% CI:
7,844-8,200] steps) and distance travelled (5,407 [95% CI: 5,248-5,565] vs. 6,259 [95% CI: 6,057-6,461] meters); and
poorer sleep, as evidenced by reported sleep quality (3.37 [95% CI: 3.31-3.43] vs. 3.58 [95% CI: 3.53-3.63], on a scale of
1-5), reported sleep time (6.35 [95% CI: 6.27-6.43] vs. 6.66 [95% CI: 6.59-6.72] hours), and light sleep time (16,797 [95%
Cl: 16,646-16,948] vs. 15,911 [95% CI: 15,760-16,062] seconds).

We also found that the extent of change between the two periods (the week that preceded October 7 and the week that
followed October 7) was significantly different between the two groups (individuals who will later exhibit PTSD and those
who will not), in 3 out of the 10 considered well-being indicators (Tables E and F in S4 Appendix, Fig 3). Specifically, indi-
viduals who later exhibited PTSD presented a sharper increase in reported stress levels (1.31 vs. 0.85, on a 1-5 scale),
and a sharper decline in reported mood level (1.28 vs. 0.82, on a 1-5 scale) and reported sleep quality (0.70 vs. 0.31, on
a 1-5 scale).

Association between exposure to news and gory videos and the prevalence of PTSD in the panel study

The third aim of our study was to assess the degree to which indirect exposure to trauma via media consumption is
associated with PTSD and anxiety symptoms. In contrast to the 9/11 terror attack, where smartphones and social media
platforms were not available, the October 7 events were extensively documented in real-time through GoPro cameras

and disseminated on various media platforms. As such, even those who were not directly exposed to these atrocities
could hear or see them. We thus investigated the relationship between indirect exposure to trauma, as represented by
self-reported frequency of news consumption and number of gory videos viewed, and PTSD among panel participants
(Fig 4). After adjusting for age, sex, socioeconomic status, and level of religiosity, the duration of news consumption during
the first week following October 7 was found to be significantly associated with PTSD, with each additional unit of dura-
tion corresponding to a 10.4% increase in the odds of PTSD (OR = 1.104 [95% CI: 1.022—1.193], p=0.012). Similarly,

the extent of exposure to gory videos was found to be significantly associated with PTSD, with each additional unit of
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Fig 3. Prospective study measurements before and after October 7, stratified by PTSD status. (A) Mean daily reported stress level for the pro-
spective study’s active participants for the period July 1, 2023 to April 30, 2024, stratified by PTSD status (as determined later using the PCL-5 question-
naire). Stress levels were reported by participants as part of the daily questionnaires on a scale of 1 (Low) - 5 (High). The presented values are the daily
moving average and the associated 95% confidence interval using a 7-day window. Panels (B-C) compare the extent of change from a one-week period
before October 7 (September 30, 2023 to October 6, 2023) and the week after, between individuals who later exhibited PTSD and those who did not.
Mean values and 95% confidence intervals are presented.

https://doi.org/10.1371/journal.pmen.0000195.g003

exposure corresponding to a 25.9% increase in the odds of PTSD (OR = 1.259 [95% CI: 1.080-1.468], p=0.003) (Table

B in S4 Appendix). For instance, estimated PTSD prevalence among those who did not watch any gory videos or news
was 7.7%, compared to 31.7% among those who watched more than eight hours of news per day and viewed five or more
gory videos during the first week after the event (Fig 4A). Among the various media platforms, Telegram presented the
highest exposure rate to gory videos at 88.4%, followed by Instagram and TikTok at 59.3% and 55.4%, respectively

(Fig 4B). A similar analysis examining the association between the duration of news consumption and the extent of expo-
sure to gory videos to anxiety, after adjusting for age, sex, socioeconomic status, and level of religiosity is available in
Table C in S4 Appendix.

Discussion

In today’s reality, where detailed, unfiltered, graphic, and prolonged media coverage of massive traumatic events is com-
mon, we find that PTSD rates among those indirectly exposed can be substantially high, reaching 23—-36%, and remain
high even seven months later, at 14—22%. These rates are exceptionally high, compared to those reported by health
professionals who encounter trauma in their professional duties [26—28]. Specifically, the hours spent watching news, and
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Fig 4. (A) Estimated prevalence of PTSD as a function of the number of hours spent watching news each day and the number of gory videos
watched, in the first week after October 7. Adjusting for age, sex, educational background, religious level, socioeconomic status, and PTSD back-
ground, a logistic regression confirms that ‘news consumption” and ‘number of gory videos watched’ are significantly associated with PTSD (p-value
0.012 and 0.003, respectively) (Table C in S4 Appendix). (B) Exposure rate to gory videos by media platforms. For each media platform, we calculated
the exposure rate as the number of participants who reported watching gory videos in that media platform divided by the total number of individuals who
reported using that media platform.

https://doi.org/10.1371/journal.pmen.0000195.9004

the number of gory videos viewed in the first week following October 7 were associated with an increased risk of PTSD.
Furthermore, using information from smartwatches and daily questionnaires, we identified early markers of PTSD. The
stronger the acute stress reactivity to the event was, as manifested in a sharper increase in reported stress and a sharper
decrease in reported mood, step count, and sleep quality and duration) the more likely the individual was to develop
PTSD symptoms.

The DSM-5’s inclusion of indirect exposure to trauma as a criterion for PTSD acknowledges the reality of ‘secondary
traumatic stress’, a condition prevalent among professionals regularly exposed to the aftermath of traumatic events, such
as first responders and mental health workers, and among those learning of the violent actual or threatened death of a
family member or friend [29]. Highly visual social media platforms, including Telegram, Instagram, and TikTok, are gaining
popularity, particularly among younger demographics [30]. Our study emphasizes the profound impact that mass media’s
graphic portrayals of trauma can have on public mental health in terror and war contexts that include entire populations
in a position of vulnerability, highlighting the public health importance of developing guidelines and recommendations for
posting and watching such unfiltered content. The purpose of terrorism is to expand the domain of those who perceive
themselves as being in danger. Given the ubiquity of video and still photography on smartphones and other portable
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cameras, people are now widely exposed to real images and sounds of violence, murder, sexual assault, and other
trauma as it occurs.

Importantly, people are not passive consumers of such content. As suggested by Relihan et al. [31]: “When an individ-
ual or group trauma becomes a shared public experience through widespread media coverage (e.g., mass violence, being
publicly outed), sharing a social identity with a targeted individual or group of victims may amplify feelings of personal vul-
nerability. This heightened perceived threat may draw people to engage with trauma-related media because of increased
vigilance for self-relevant threats, which can, in turn, amplify distress.” Unfortunately, such exposure, whether passive or
active, produces post-traumatic stress symptoms that are comparable to those that follow current Criterion A exposure
[32]. This raises the question of whether the DSM’s exposure criteria should be further expanded to include seeing such
images electronically and outside the context of work or personal connection to the victims.

The definition of traumatic events within the DSM has been subject to considerable debate, as highlighted by the
concepts of “conceptual bracket creep” [33] and “concept creep” [34]. Since the introduction of PTSD in DSM-III (1980),
the range of experiences considered traumatic has broadened significantly, with indirect experiences added in DSM-III-R
(1987). While this expansion reflects a recognition of the diverse ways individuals experience trauma, it also raises legiti-
mate concerns about undermining resilience and diluting the clinical concept of trauma. We acknowledge the importance
of maintaining distinctions between degrees of trauma — there is a fundamental difference between being directly sub-
jected to horrific experiences (e.g., being captured and tortured) and watching such events online without direct involve-
ment. Nonetheless, it is equally important to acknowledge that indirect exposure—especially when it taps into personal or
collective identity—can still lead to substantial psychological impact. Thus, while maintaining clear distinctions in clinical
diagnosis, public health frameworks should also account for the broader implications of indirect trauma exposure on men-
tal health and well-being.

While retrospective bias could influence reporting of media consumption, our findings are consistent with earlier data
from studies of response to the 9/11, Boston or Paris terrorist attacks which found that early attention to media reports
was similarly associated with later distress [11]. In line with [35], we argue that the DSM’s strict trauma definitions, while
aiding in identifying the most affected individuals, may not comprehensively serve public health needs. An updated,
context-inclusive definition of trauma and exposure is essential for addressing the broader implications of these experi-
ences on population health.

Few studies have explored the potential of physiological data from smartwatches in assessing individual responses
during the immediate aftermath of trauma. A recent study found that monitoring such biometrics could predict adverse
posttraumatic neuropsychiatric sequelae following traumatic stress exposure in hospital settings [36]. Another study
demonstrated the efficacy of detecting hyperarousal through heart rate and body acceleration data, achieving an 83%
success rate in predicting PTSD onset in veterans [37]. Our study expands this knowledge by revealing that civilians indi-
rectly exposed to secondary traumatic stress via mass media suffer from similar types of physiological changes in stress,
sleep, and physical activity during the week after such exposure and are at increased risk of developing PTSD.

Our findings extend current knowledge linking heightened stress levels, decreased physical activity, and sleep distur-
bances to the development of PTSD [38—43]. Further, our findings suggest that the extent of these physiological reactions,
as detected objectively via smartwatches and subjectively by the individual, provides early signs from the impact phase.
The significance of these findings is amplified by the fact that a substantial number of individuals with PTSD remain
undiagnosed, despite the availability of early and personalized treatments [44—48]. The absence of proper diagnosis and
subsequent treatments can lead to more severe long-term health outcomes, including persistent depressive symptoms,
increased suicide attempts, higher morbidity, and premature death [48—50]. The ability to monitor and analyze biometric
data from smartwatches opens new avenues for identifying early signs of PTSD at the population level, particularly in
cases of indirect exposure to trauma through mass media. This is crucial for timely intervention and the prevention of long-
term adverse mental health outcomes.
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Our study has several limitations. We assumed that the traumatic event is defined by the October 7 atrocities, but
the context of our PTSD prevalence estimates includes the onset of war following the October 7 events in the Gaza
Strip. However, as opposed to the ongoing trauma of the civilians in Gaza, we believe that the trauma experienced
by Israeli citizens primarily stems from the specific incidents on October 7. Second, though previously validated in
several settings, including in Israel [17,51], our prevalence estimate for PTSD is based on the PCL-5 survey, while
a gold standard diagnosis requires assessment by healthcare professionals. Accordingly, the reported prevalence
estimates may deviate from the actual prevalence, potentially resulting in either overestimation or underestima-
tion. Third, although the panel study sample is representative of the adult Israeli Jewish population in terms of
age, sex, and geographical location, individuals more profoundly impacted by the traumatic event may have been
disproportionately inclined to participate. This potential selection bias should be considered when interpreting the
findings. Another limitation is that we did not incorporate broader mental health screening tools like the PHQ-9 for
depression. While this decision was driven by the need to minimize participant burden during an acute crisis, it
limits our understanding of how pre-existing or concurrent mood disorders might influence PTSD development and
persistence. Future research should consider incorporating additional validated screening tools to understand better
the bidirectional relationship between depression, mood disorders and PTSD, particularly given their overlapping
symptomatology and frequent co-occurrence. We also note that in our analysis of the relationship between indirect
exposure to trauma and PTSD, we relied on self-reported measures—namely, the frequency of news consumption
and the number of gory videos viewed—which are subject to recall bias and individual interpretation. Finally, the
lack of longitudinal data limits our understanding of PTSD’s progression, severity, and long-term impacts. Future
research should include longer follow-up periods to provide a more comprehensive understanding of the trajectory
of PTSD over time.

In conclusion, our findings demonstrate that PTSD rates among those indirectly exposed to mass traumatic
events through media exposure can reach unprecedented levels, with prevalence remaining exceptionally high
even seven months after the event. These results underscore both the profound psychological impact of indirect
trauma exposure through social media and other indirect outlets and the potential of wearable technology to enable
early identification of individuals at risk for PTSD, potentially creating new opportunities for timely intervention and
prevention.
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