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Abstract

Background Modern wars have a catastrophic effect on the wellbeing of civilians. However,

the nature of this effect remains unclear, with most insights gleaned from subjective, ret-

rospective studies.

Methods We prospectively monitored 954 Israelis (>40 years) from two weeks before the

May 2021 Israel-Gaza war until four weeks after the ceasefire using smartwatches and a

dedicated mobile application with daily questionnaires on wellbeing. This war severely

affected civilians on both sides, where over 4300 rockets and missiles were launched

towards Israeli cities, and 1500 aerial, land, and sea strikes were launched towards 16,500

targets in the Gaza Strip.

Results We identify considerable changes in all the examined wellbeing indicators during

missile attacks and throughout the war, including spikes in heart rate levels, excessive screen-

on time, and a reduction in sleep duration and quality. These changes, however, fade shortly

after the war, with all affected measures returning to baseline in nearly all the participants.

Greater changes are observed in individuals living closer to the battlefield, women, and

younger individuals.

Conclusions The demonstrated ability to monitor objective and subjective wellbeing indi-

cators during crises in real-time is pivotal for the early detection of and prompt assistance to

populations in need.
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Plain language summary
This study investigated the impact of

the May 2021 Israel-Gaza war on the

wellbeing of Israeli civilians. To do so,

954 Israelis over the age of 40 were

monitored for six weeks before and

after the war using smartwatches and

a mobile application that asked daily

wellbeing questions. The researchers

found that during the war, people

experienced spikes in heart rate,

decreased sleep quality and duration,

and increased screen time. These

changes were more significant in

people living closer to the battlefield,

women, and younger individuals.

However, after the ceasefire, well-

being indicators returned to baseline

levels. The study shows that mon-

itoring wellbeing in real-time during

crises can help identify and assist

populations in need.
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The 20th century was the most war-ridden century recorded
in history—and the one most fatal for civilians1. Indeed,
the last decades are marked not only by advances in the

arms industry and changes in warfare strategies but also by
the shift of the battlefield into civilian areas, making them more
vulnerable in modern wars. This shift is reflected in the stark
increase in war-related civilian fatalities, from 5% of casualties at
the turn of the 19th century to 15% during World War I (WW I),
65% by the end of World War II, and more than 90% in wars that
erupted during the 1990s2.

The immense number of civilian casualties is but one aspect of
the devastating consequences for civilians. Another is the masses
of civilians suffering from war-related invisible psychological
scars3. Indeed, wars were found to have severe, long-lasting
effects on mental health and wellbeing4. These effects include,
among others, reduced happiness, anxiety, fear, depression, and
post-traumatic stress disorder (PTSD)5–7. Markedly, a recent
study suggested that one in five people living in conflict-affected
regions in the previous ten years will experience depression,
anxiety, PTSD, bipolar disorder, or schizophrenia8. The recent
Russian invasion of Ukraine was already reported to have
extraordinary mental impacts on Ukrainians and vulnerable
people worldwide and is likely to cause a large-scale mental health
crisis in the near future9. In light of this circumstance, healthcare
systems and relief organizations must conduct targeted investi-
gations and prepare for the provision of mental health support to
vulnerable populations immediately9.

The wide, easy access to media, in general, and to unencum-
bered social media, in particular, was shown to further increase
individuals’ fear levels10 and preoccupation with disturbing
thoughts regarding mortality11. For example, after the 2015 terror
attack in France, media consumption was associated with
insomnia12. Moreover, by its nature, media has the capacity to
extend the effect far beyond those directly influenced by the
conflict.

Despite the valuable knowledge gleaned from the above studies,
the vast majority of them are based on questionnaires that were
administered retrospectively. Given that memory loss and delayed
recall are widely documented during traumatic events, there is a
serious drawback in assessments that rely on retrospective
analysis13. Moreover, self-reports rely on the individual’s per-
ception, whose relation to the actual effect on well-being remains
to be studied.

Smartphones and smartwatches can serve as a valuable tool for
assessing a population’s well-being during crises as they enable
the objective, continuous monitoring of a variety of measures. For
example, smartphones and smartwatches have been recently
employed by researchers to investigate the effects of lockdowns
on wellbeing14. Several recent studies further showed that wear-
able sensors could be even more sensitive than humans in
detecting physiological changes following infection with and
vaccination against COVID-1915,16. In the context of mental
health, their ability to continuously record objective measures
such as heart rate, heart rate variability, and sleep patterns make
them adequate for monitoring early markers of PTSD17,18.

Here, we used objective and subjective, continuous, rich data
from smartphones and smartwatches worn by Israeli citizens in
order to examine changes in various well-being indicators before,
during, and after the May 2021 armed conflict between Israel and
Gaza. The May 2021 Israel-Gaza conflict severely affected civilians
on both sides. Over 4300 rockets and missiles were launched
toward Israeli cities, and 1500 aerial, land, and sea strikes were
launched towards 16,500 targets in the Gaza Strip19. We conducted
a prospective observational study where 954 participants received
smartwatches and downloaded a dedicated mobile application we
developed for their smartphones. The smartwatches continuously

monitor various measures, including heart rate, step count, sleep
start hour, and sleep modes. The smartphones also collected sen-
sory data on screen-on time, activity modes, and GPS location. The
mobile application included a daily questionnaire with questions
relating to mood, stress, sleep duration and quality, physical
activity, and social encounters.

We identify considerable changes in all the examined well-
being indicators during missile attacks and throughout the war,
including spikes in heart rate levels, excessive screen-on time, and
a reduction in sleep duration and quality. These changes, how-
ever, faded shortly after the war, with all affected measures
returning to baseline in nearly all the participants. Greater
changes are observed in individuals living closer to the battlefield,
women, and younger individuals. The ability to monitor objective
and subjective well-being indicators during crises in real-time is
pivotal for the early detection of and prompt assistance to
populations in need.

Methods
Study design. We analyze data collected as part of the PerMed
study14,20 to ascertain the effects of the May 2021 Gaza-Israel war
on various indicators of well-being in the population. The study
was approved on August 8, 2021, by Tel-Aviv University’s
Institutional Review Board (IRB) and was conducted under strict
protocol guidelines.

Participants in the PerMed study were a convenience sample
recruited by a professional survey company, via advertisements
on social media. During the time frame used for analysis in the
current study, recruitment of participants was limited to older
adults, aged 40 or more. The participants were equipped with a
Garmin® Vivosmart 4 smartwatch and installed a dedicated
mobile application that we developed (PerMed App).

We define four time periods: (1) Baseline period (B)—the
2 weeks before the war, i.e., April 26–May 9, 2021; (2) War period
(W)—May 10–20, 2021; (3) First “back to routine” period (R1)—
the first and second weeks after the war, i.e., May 21–June 3, 2021;
and (4) Second “back to routine” period (R2)—the 3rd and 4th
weeks after the war, i.e., June 4–17, 2021.

Inclusion criteria. We included the study participants of the
PerMed study who were above the age of 40 and were active in
the PerMed study throughout the evaluation period (i.e., they
joined the PerMed study before April 26, 2021, and remained in
the study at least until June 17, 2021).

Participant recruitment and engagement. In order to recruit
subjects and keep them engaged throughout the PerMed study,
we hired a professional survey company. The survey company
used advertisements on social media for recruitment of indivi-
duals from the general population. The survey company was
responsible for guaranteeing that participants met the study’s
requirements, including their willingness to fill an app ques-
tionnaire three times a week and wear a smartwatch during the
entire study. Eligible participants received a detailed explanation
of the study, after which they were requested to sign a digital
consent form. Then, participants were asked to fill a one-time
enrollment questionnaire and to install two apps on their
smartphones: the Garmin Connect app, which was used to collect
data from their smartwatch, and the dedicated PerMed app,
which we developed to collect GPS-based location and to allow
participants to fill the daily questionnaires.

To improve the quality and reliability of the data and to ensure
its continuous collection, we applied the following measures.
First, participants who did not fill the daily questionnaire by 7
p.m. received a notification in their mobile app to fill the
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questionnaire. Second, we developed a dedicated dashboard. The
dashboard, which was monitored regularly, helped us identify
data collection issues, such as participants who did not fill the
questionnaires at least three times a week or participants who did
not wear their smartwatches. Such participants were contacted by
the survey company, and were encouraged to cooperate better.
The dashboard also helped us to identify issues that were not
related to participants’ cooperation, such as bugs in the mobile
app. This identification allowed us to respond faster and provide
timely solutions. Supplementary Fig. 1 further illustrates the
quality of the data used in the current study.

Data collection. We used the following sources of data:

● Self-reported indicators collected through the Permed
App’s daily questionnaire: reported mood level (on a scale
of −2 to 2, where −2 means awful and 2 means excellent);
reported stress level (on a scale of −2 to 2, where −2 means
very low and 2 means very high); reported sleep duration
(in hours), reported sleep quality (on a scale of −2 to 2,
where −2 means awful and 2 means excellent), reported
sport time (in minutes), and the reported number of social
encounters. A detailed description of the questionnaire is
provided in the Supplementary Methods.

● Daily aggregated indicators collected through the Garmin
smartwatch: step count, average heart rate (bpm), sleep
start hour, and percentage of awake time during night sleep
(seconds).

● Daily aggregated indicators collected by the smartphone
sensors (only applicable for Android-based smartphones):
Screen-on time (in hours), which is known to be highly
correlated with stress21, and the percentage of time still
(according to Google Activity Recognition).

The 12 indicators were then grouped into three main
categories: (1) Mental-related indicators: screen-on time, reported
mood level, reported stress level, and the reported number of
social encounters; (2) Energy expenditure-related indicators: step
count, average heart rate, percentage of time still, and reported
sport time; and (3) Sleep-related indicators: awake time, sleep
start hour, reported sleep duration, and reported sleep quality.

In addition to these 12 indicators, we also collected:

● Information from the enrollment questionnaire, which
included questions about age, gender, income level, and city
of residence.

● Location data from the smartphone: location data (GPS
coordinates) was sampled every 15 min and was used to
determine the area where each participant resides (see
subsection “Data preprocessing”).

Data preprocessing. Before analyzing the data, we performed
several preprocessing steps. First, if participants filled 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 a questionnaire, once filled, was sent to the
server, and could not be updated anymore. Therefore, in the case
of a filling error, participants were instructed to re-fill the
questionnaire.

Then, for each participant and for each of the 12 indicators, we
calculated a single weighted average value for each of the four
periods—baseline (B), war (W), first “back to routine” (R1), and
second “back to routine” (R2). The weighted average for each
participant was calculated by first averaging the corresponding
well-being indicator values separately for work days and free days.
Then, the weighted average of these two values was calculated by

giving a weight of 5/7 to work days and 2/7 to free days. The
rationale for calculating this weighted average is further
demonstrated in Supplementary Fig. 2. In brief, we identified a
weekly rhythm across various indicators, where free days
(weekends and national holidays) exhibited different mean daily
values than work days. Since the examined time periods were
relatively short, and some included more free days than others
(e.g., holidays), we wanted to correct for a potential bias.

To differentiate the direct effects of the missile attacks from
indirect ones, such as empathy with relatives and friends, we also
examined the correlation between the participants’ area of
residence and its distance from Gaza to the 12 well-being
indicators. To determine the most up-to-date area of residence
for each participant, we examined all the GPS coordinates collected
for each participant around 04:00 a.m. during the baseline period
and selected the most frequent ones. When participants did not
have GPS data during the baseline period nights, we used the
hometown stated in the enrollment questionnaire. Then, we
divided the participants into three exposure groups based on the
proximity of their area of residence to Gaza: (1) high exposure—
less than 60 km from Gaza, (2) medium exposure—between 60 and
110 km from Gaza, (3) low exposure—more than 110 km from
Gaza. These 60 and 110 km thresholds were selected based on both
the distance from Gaza (the number of missiles launched towards
areas closer to Gaza was considerably higher) and the effective time
to reach a shelter once an air-raid siren is sound22. More details
regarding the classification into exposure groups are provided in
Supplementary Note 1 and Supplementary Fig. 3.

Statistics and reproducibility. First, we assessed the short-term
changes in the heart rate of participants following sirens. To do so,
for each participant and for each siren that was sound in their area
of residence, we compared the baseline heart rate before the siren
and the affected heart rate following the siren. The baseline value
was defined as the average heart rate during the time frame of
45min to 15min before the siren started. The affected value fol-
lowing a siren was calculated as the maximum heart rate during the
time frame of 5 min before and 15min after the siren. Finally, we
calculated the difference between those two values for each parti-
cipant and siren, and the average of those differences for each
participant. We considered only sirens that were sound between
2 a.m. and 6 a.m. to minimize the effects of other factors, such as
physical activity, on the heart rate. Moreover, sirens for which we
identified another siren during the baseline time frame were
excluded from the analysis, in order to isolate the effect of
the examined siren.

In order to test the longer-term effect of the war on different
well-being indicators, we used a separate Mixed ANOVA test for
each of the above-noted 12 indicators; in each test, the considered
indicator served as the dependent variable. For the independent
variables (main factors), the within-subjects factor was the time
period, comprised of four levels: baseline, war, first “back to
routine,” and second “back to routine”. The between-subjects
factor was the distance-based exposure group, comprised of three
exposure levels: high, medium, and low. More formally, for each
of the 12 well-being indicators, the considered Mixed ANOVA
model includes the two main factors and their interaction:

Indicator �Time Periodþ Exposure Group

þ Time Period *Exposure Group
ð1Þ

To better understand the characteristics of individuals who were
more affected by the war, we performed a second (post hoc)
ANOVA analysis. For this analysis, we analyzed the data of
individuals in the exposure risk groups that were found to be
affected by the war in our previous Mixed ANOVA analysis. More
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specifically, for each of the 12 indicators noted above, we used a
separate ANOVA test. For each test, the dependent variable was
defined as the difference between the corresponding indicator
values during the war and the baseline periods. For the independent
variables, we considered: (1) Exposure group—a factor with two
levels: medium and high (the two affected exposure risk groups
according to the previous analysis). (2) Age group—a factor with
two levels: Younger (59 and below) and Older (60 and above),
where the groups were divided based on the median age; (3) Gender
—a factor with two levels: Men and Women; (4) Income Level— a
factor with three levels: Below median, median, and above the
median.We also adjusted for the effect of the following independent
variable: (5) Baseline level—a factor with two levels: Below the
population median value and equal to or greater than the
population median value (before the war). More formally, for each
of the 12 well-being indicators, the considered ANOVA model can
be described by the following equation:

ΔIndicator �Exposure Groupþ Age Groupþ Gender

þ Income Levelþ Baseline Level
ð2Þ

It should be noted that each ANOVA test was performed over
the subset of participants who had at least one value in free days
and at least one value in work days for the corresponding
indicator, during all considered time periods (four periods for the
first Mixed ANOVA analysis, and two periods for the second
analysis). In other words, the number of participants considered
in each test may vary.

Post hoc analyses for ANOVA tests’ significant interactions
were performed using Bonferroni post hoc tests, and effect sizes
were measured by Cohen’s d23.

All statistical analyses were performed using IBM SPSS
Statistics version 27 and Python 3.7.

Reporting summary. Further information on research design is
available in the Nature Portfolio Reporting Summary linked to
this article.

Results
Descriptive statistics. The study included a cohort of 954 parti-
cipants above the age of 40 with a median age of 59. Of the 954
participants, 549 (57.55%) were women and 405 (42.45%) were
men. The reported income of 475 (49.79%) participants was
above the median income level, while that of 185 (19.39%) was in
the median income range, and that of 258 (27.04%) was below the
median; 36 did not answer the relevant question in the enroll-
ment questionnaire. In terms of exposure to missile attacks, 68

(7.13%) participants lived in high-risk areas, 704 (73.79%) in
medium-risk areas, and 182 (19.08%) were not exposed to missile
attacks at all. Table 1 provides further information about the
participants’ characteristics. As presented in detail in Supple-
mentary Fig. 1a, participants exhibited a high level of cooperation
with the study requirements.

Changes in heart rate following a siren. During the war, when
incoming missiles were identified by defense systems, sirens were
raised as a means to prompt civilians to head to shelters. In Fig. 1,
we demonstrate the changes in the heart rate of participants fol-
lowing these sirens. Specifically, Fig. 1a demonstrates the change in
heart rate of a single participant—before, during, and after a siren.
As can be seen from the figure, the siren led to a considerable
increase in the heart rate of that individual—from an average
baseline value of roughly 50 bpm in the hour before the siren to a
maximum value of 76 bpm in the hour after the siren. The heart
rate returned to baseline values after about 20min. Figure 1b shows
the distribution of changes in heart rate following the raising of
sirens compared to baseline values over all eligible participants. For
each participant, the baseline value was defined as the average heart
rate during the time frame of 45 to 15min before the siren started.
The value following siren initiation was calculated as the maximum
heart rate during the time frame of 5 min before and 15min after
the siren. The median value of the distribution (15.4 bpm) indicates
that the heart rate of most of the participants increased con-
siderably in response to the siren.

Effects of the war on various wellbeing indicators. Table 2
presents the p values of the within-subjects effects for the Mixed
ANOVA test that was conducted for each of the 12 examined
well-being indicators. Each row represents a single indicator (i.e.,
a single test). A table detailing the mean values and the number of
participants included in each test is available in Supplementary
Table 1. Post hoc test results are presented only for pairs of time
periods that include the baseline period.

Overall, we found that: (1) the war significantly affected the
general population with respect to all the examined well-being
indicators (Table 2 and Fig. 2); (2) the effects were significantly
larger in areas with a higher risk of exposure to missile attacks;
and (3) the changes diminished almost entirely within the 2-week
period after the war.

More specifically, we observed that among the mental-related
indicators, the screen-on time increased by 38.601 min during the
war (p < 0.001, Cohen’s d: 0.28), the reported mood level decreased
by 0.33 (p < 0.001, Cohen’s d: 0.52), the reported stress level

Table 1 Characteristics of the study participants.

Characteristic All participants (N= 954) High risk (N= 68) Medium risk (N= 704) Low risk (N= 182)

Age
40–49 9.33% (89) 20.59% (14) 7.1% (50) 13.74% (25)
50–59 42.66% (407) 47.06% (32) 40.62% (286) 48.9% (89)
60–69 32.6% (311) 22.06% (15) 35.37% (249) 25.82% (47)
≥70 15.41% (147) 10.29% (7) 16.9% (119) 11.54% (21)
Gender
Men 42.45% (405) 47.06% (32) 40.62% (286) 47.8% (87)
Women 57.55% (549) 52.94% (36) 59.38% (418) 52.2% (95)
Income*

Above median 49.79% (475) 63.24% (43) 49.43% (348) 46.15% (84)
Median 19.39% (185) 22.06% (15) 18.89% (133) 20.33% (37)
Below median 27.04% (258) 13.24% (9) 27.98% (197) 28.57% (52)
Unspecified 3.77% (36) 1.47% (1) 3.69% (26) 4.95% (9)

*The median income specified in the questionnaire was 15,000 NIS per household.
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increased by 0.34 (p < 0.001, Cohen’s d: 0.52), and the reported
number of encounters decreased by 1.64 encounters (p < 0.01,
Cohen’s d: 0.16). As to the energy expenditure-related indicators,
during the war, there was a decrease of 736.9 steps in the step count
(p < 0.001, Cohen’s d: 0.19), a decrease of 0.89 bpm in the average
heart rate (p < 0.001, Cohen’s d: 0.11), an increase of 1.4% in the
percentage of time still (p < 0.001, Cohen’s d: 0.2), and a decrease of
7.69min in the reported sport time (p < 0.001, Cohen’s d: 0.23).
With regard to the sleep-related indicators, during the war, the
awake time increased by 219 s during night sleep (p < 0.001,
Cohen’s d: 0.32), the sleep start hour was delayed by 8.76min
(p < 0.05, Cohen’s d: 0.09), the reported sleep duration decreased by
9.78min (p < 0.01, Cohen’s d: 0.18), and the reported sleep quality
decreased by 0.18 (p < 0.001, Cohen’s d: 0.28). It should be noted
that as opposed to Fig. 1, which demonstrates a sharp though
relatively brief increase in heart rate following the sirens, the
decrease in average heart rate in Fig. 2f is aggregated over the entire
war period. The latter is consistent with the general decrease in
energy expenditure indicators. Namely, during the war period,
individuals tended to reduce their activity and this may have caused
their average heart rate levels to decline as well.

Similarly to the acute and clear effects of the war, the data also
indicate a quick recovery immediately after the war ended.
Specifically, we observed an immediate return to baseline values
in all 12 indicators within the first 2 weeks after the war (R1)
(Table 2, Fig. 2 and Supplementary Table 1). With the exception
of the reported number of encounters (which continued to rise),
this return to baseline values remained stable also in the
succeeding 2-week period (R2). This remarkable recovery is also
evidenced by the data presented in Supplementary Notes 2 and
Supplementary Fig. 4, showing that the changes between the
baseline period (B) and the first “back to routine” period (R1) are

distributed roughly normally around 0, with a relatively small
standard deviation and seemingly symmetric tails. While the
general population demonstrated a clear resilience, we also
identified a few individuals who did not return to their baseline
levels (Supplementary Notes 2, Supplementary Fig. 4, Supple-
mentary Notes 3, Supplementary Fig. 5).

In terms of area of residence, a measurably stronger effect was
observed in individuals living in areas with a higher risk of
exposure to missile attacks (Table 2, Fig. 3 and Supplementary
Table 1). More specifically, a significant interaction was found
between the time period and exposure group factors in six of the 12
examined indicators: screen-on time (p < 0.001), reported mood
level (p < 0.001), reported stress level (p < 0.001), reported sport
time (p < 0.01), reported sleep duration (p < 0.05) and reported
sleep quality (p < 0.001). These significant interactions suggest that
the war had a different effect on the three exposure groups. Post
hoc analyses indicate a significant increase from baseline in the
screen-on during the war period in all exposure groups (high:
p < 0.001, Cohen’s d: 0.48; medium: p < 0.001, Cohen’s d: 0.28, low:
p < 0.01, Cohen’s d: 0.17). For the other indicators, the change
between the baseline and war period was significant only for the
high and medium exposure groups. Specifically, we observed a
decrease in the reported mood level (high exposure group:
p < 0.001, Cohen’s d: 1.21; medium exposure group: p < 0.001,
Cohen’s d: 0.51), an increase in the reported stress level (high
exposure group: p < 0.001, Cohen’s d:1.33; medium exposure
group: p < 0.001, Cohen’s d: 0.5), a decrease in the reported sport
time (high exposure group: p < 0.001, Cohen’s d: 0.48; medium
exposure group: p < 0.001, Cohen’s d: 0.22), a decrease in the
reported sleep duration (high exposure group: p < 0.05, Cohen’s d:
0.42; medium exposure group: p < 0.001, Cohen’s d: 0.2), and a
decrease in the reported sleep quality (high exposure group:
p < 0.001, Cohen’s d: 1.23; medium exposure group: p < 0.001,
Cohen’s d: 0.24). Moreover, the effect on the high-exposure group
was considerably stronger than that experienced by the medium-
exposure group in all six indicators.

Subgroups post hoc analysis. To better understand the char-
acteristics of individuals who were more affected by the war, we
performed a second (post hoc) ANOVA analysis. For this ana-
lysis, we analyzed the data of individuals in the exposure risk
groups that were found to be affected by the war in Table 2 (i.e.,
Medium and High), and tested the association between exposure
risk group, age group, gender, and income level, to the observed
effect of the war, adjusting for the baseline levels of individuals.
We found a stronger effect in the high-risk exposure group than
in the medium-risk exposure group in five out of the six indi-
cators that were found to be significant in Table 2 (screen-on
time: p < 0.01, reported mood level: p < 0.01, reported stress level:
p < 0.01, reported sport time: p < 0.01, and reported sleep quality:
p < 0.001), even when controlling for the additional factors. A
stronger effect was found in women than in men in terms of
screen-on time (p < 0.05, mean difference value of 49.32 min for
women vs. 29.53 for men) and reported stress level (p < 0.01,
mean difference value of 0.47 for women vs. 0.3 for men).
Additionally, participants in the younger age group experienced a
greater decline in heart rate (p < 0.05, mean difference value of
−1.32 bpm for the younger group vs. −0.66 for the older group).
Tables detailing the p values, the mean difference values, and the
number of participants considered in each ANOVA test are
available in Supplementary Tables 2, 3.

Discussion
The current study evaluated the real-time effects of the May 2021
Israel-Gaza war on the well-being of the older Israeli population

Fig. 1 Changes in heart rate following a siren. a An example of the change
in heart rate for a single participant following a siren. The x-axis represents
the time and the y-axis is the heart rate of the participant in beats per
minute. Dashed, black, vertical line—the time period in which the siren was
heard. b Distribution of the changes in heart rate following a siren
compared with the baseline value over all participants. Since each
participant could experience several sirens, each participant is represented
by the mean of his/her changes. The x-axis represents the mean change in
heart rate value and the y-axis is the kernel density estimator (KDE).
Dashed, orange, vertical line—median value of the distribution.
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(40 years of age and above). To the best of our knowledge, this is
the first study to use a combination of objective (smartphone and
smartwatch sensors) and subjective (self-reported questionnaires)
measures in real-time, before, during, and after a war.

The main findings of our study are that Israelis showed an
acute and robust reaction to the war situation. The reaction was
demonstrated in sharp responses in both objective and sub-
jective measures related to three axes, mental (screen-on time,
mood level, stress level, and the number of social encounters),
energy expenditure (step count, average heart rate, percentage
of time still, and sport time), and sleep (awake time during
night sleep, sleep start hour, sleep duration, and sleep quality)
(Fig. 2). All these measures worsened during the war. Inter-
estingly, our data suggest the resilience (the ability of the
individual to “bounce back” after the war24) of the Israeli
civilian population: as quick as the effects of the war were, so
was the recovery, with all the measures that were altered during
the war period returning approximately back to normal within
2 weeks after the cease-fire date. We also identified larger effects
in individuals who lived closer to the battlefield, women, and
younger individuals.

Studies of war’s effects on civilians are not rare. A recent meta-
analysis that explored the prevalence of depression and PTSD
among civilians after wars in Africa, Asia, and the Balkans (two
and more years after the end of the war) found their rate to be
~27 and 26%, respectively25. These percentages vary greatly
across studies, with smaller studies usually showing higher rates
of psychopathology25. These results may appear to contrast with
our data showing a fast recovery from war-induced changes in
well-being indicators. These differences may stem from a number

of factors related to individual as well as environmental and social
aspects. One clear difference between the various Israel-Gaza
armed conflicts in the last decades and other wars is that, at least
on the Israeli side, these are short (days to weeks) wars defined by
a very specific threat (missiles targeting civilian centers). More-
over, much of the population have means to protect themselves
against this threat, including warning sirens, safe rooms or
shelters built to withstand missiles, and the Iron Dome missile-
defense system. Additionally, these wars are abruptly terminated
with some type of cease-fire that usually holds for a few years. Not
to undermine the significant experience of Israeli citizens, it could
be argued that this is an untypical type of war and, therefore, the
stress experienced differs from those described in most of the
other studies concerning war. Interestingly, a study that examined
post-war PTSD symptoms in Israeli citizens following the war
between Israel and Hezbollah (July-August 2008) showed that
symptoms appeared only in 7.2% of the population compared to
the much higher rates discussed above26.

An additional factor that should be taken into consideration is
the repeated exposure of adults in Israel to war situations. The
Israeli population is exposed to missile attacks every few years (in
areas close to the border with Gaza, the attacks have been con-
tinuous over the last decade), as well as repeated acts of terrorism
throughout the country. Such chronic exposure can either result in
resilience or produce a long-term negative effect27,28. In some
cases, the effects of repeated stress were reported to have worse
consequences compared with those due to acute stress. For
example, a study of US military personnel serving in Iraq and
Afghanistan during the last two decades showed that the number of
psychiatric diagnoses and psycho-social problems is higher in the

Fig. 2 Effects of the war on the entire population for various wellbeing indicators. The presented well-being indicators include a Screen-on time in hours,
b Reported mood level, c Reported stress level, d Reported number of encounters, e Step count, f Average heart rate in beats per minute, g Percentage of
time still, h Reported sport time in minutes, i Awake time during night sleep in seconds, j Sleep start hour, k Reported sleep duration in hours, and
l Reported sleep quality. The x-axis represents four time periods: baseline period (B), war period (W), first “back to routine” period (R1), and second “back
to routine” period (R2). The y-axis represents the mean value for the examined well-being indicator. Error bars represent a single standard error.
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second and third deployments compared with the first deployment,
and it may also be associated with the total length of time spent in
deployment, i.e., the exposure to chronic and repeated stress29.
However, other studies, including a large body of more biologically
oriented research, suggest that at least under some conditions,
exposure to repeated stress results in the habituation of responses.
For example, human subjects who repeated a stressful task exhib-
ited attenuated cardiovascular reactivity and improved task
performance30. A recent study in rats demonstrated that exposure
to repeated restrain stress results in a clear habituation of both the
HPA (hypothalamus-pituitary-adrenal axis, one of the main bio-
logical response pathways for stress) and cardiovascular response31.
Such studies have led to the idea of “stress inoculation”, i.e., that
exposure to measured stress may result in higher resilience toward

later stresses32. An in-depth investigation of these possibilities
should be a target of future work.

Another factor that could influence our results is the age of the
participants. In most previous studies, younger adults were found to
be less resilient than middle-aged or older adults28,33–37. Our study
focused on older adults, aged 40 or more. This observation could be
explained by repeated exposure with age. For example, a 60-year-
old Israeli resident would have been directly exposed over the
course of his or her lifetime to four or five major wars (depending
on the definition of war) and to numerous limited armed conflicts.
Therefore, it is possible that the results will be different when
studying younger populations. Moreover, because participants in
this study were a convenience sample, they may not necessarily
represent the Israeli population of ages 40 and above.

Fig. 3 Effects of the war by exposure group for various well-being indicators. The presented well-being indicators include a Screen-on time in hours
b Reported mood level, c Reported stress level, d Reported sport time in minutes, e Reported sleep duration in hours, and f Reported sleep quality. The
x-axis represents four time periods: baseline period (B), war period (W), first “back to routine” period (R1), and second “back to routine” period (R2). The
y-axis represents the mean value for the examined well-being indicator. Error bars represent a single standard error. The three plots represent the exposure
groups: high exposure (solid red), medium exposure (dashed orange), and low exposure (dotted green).
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It would be of interest to conduct an equivalent study to our on
the inhabitants of the Gaza Strip. A study of children and adoles-
cents in Gaza following the 2012 war indicated that ~30% of the
children who were exposed to the war developed PTSD as well as
other disorders38. A broader meta-analysis of studies regarding the
Palestinian population in the areas under the jurisdiction of the
Palestinian Authority and in the Gaza Strip showed a high rate of
PTSD and anxiety disorders in the population. While the repeated
hostilities affect both Israelis and Palestinians in the Gaza Strip, it is
possible that each group’s responses may differ. The differences can
be explained at many levels.

Second, beyond war, the people of Gaza are exposed to many
more stresses compared to the Israeli population, including
poverty, insufficient health care and education, minimal prospects
at the individual level, an authoritative regime, and more39,40.
Accordingly, it is not far-fetched to suggest that under such
horrid conditions, the outbreak of war can trigger the appearance
of a severe psychiatric disorder. However, we were unable to
locate much data about Gaza in the existing literature. Therefore,
as it could be of importance to use high-level data to compare the
Israeli and Gaza Strip populations, we would like to call upon
scientists from the Gaza Strip to contact us for the purpose of
conducting collaborative work aimed at examining people from
both sides of the border, for the mutual benefit of all.

Another interesting result is the significant contribution of the
proximity of the area of residence to Gaza to the effects of the war.
We found that individuals residing in areas with high exposure to
missile attacks (less than 60 km from Gaza) had significantly
stronger effects than individuals with medium exposure (between
60 and 110 km from Gaza), while individuals residing in areas with
low or no exposure (more than 110 km from Gaza, i.e., out of the
Gaza missile range) showed no significant response to the war
other than an increase in screen-on time. These differences make
sense as areas closer to Gaze were characterized by a considerably
higher number of missiles launched towards them and a con-
siderably shorter time to reach a shelter once an air-raid siren was
sounded. Nevertheless, such differences were not found in a pre-
vious study that compared individuals living in southern Israel,
who are subject to frequent missile attacks from Gaza, to a group
living in Northern Israel, out of the missile range41. However, in
that study, the researchers used questionnaires administered four
months after the end of the war, which may explain the different
results. In addition, future research should assess the conflict
intensity’s direct impact (e.g., the number of missiles launched
towards an area), aside from its indirect impact through exposure
risk groups, on civilians’ reactions.

Although at the population level, our and previous studies
suggest that most individuals are resilient, it is important to note
that some people are not, and therefore are at risk of suffering from
long-term effects42,43. Therefore, early identification of at-risk sub-
populations and individuals is crucial. In this study, we were able to
identify subgroups of individuals who were more affected by the
war—individuals who lived closer to the battlefield, women, and
younger individuals. This insight could aid decision-makers in
providing assistance in a more efficient manner. To test the dif-
ferences between subgroups, we used a simple ANOVA test. In
principle, a panel regression analysis would be more appropriate in
this case. However, since, on average, participants filled the daily
questionnaires only two to three times a week, such analysis would
be of limited value. Future work should aim at collecting more
frequent data from participants to enable panel regression analysis,
as it could add valuable insights into the complex relationships
between variables over time.

We also tested the possibility of using our approach for the early
detection of non-resilient individuals and studied the capacity of

the individual to recover from the war (individual resilience).
Indeed, we were able to identify individuals who showed similar
changes as the entire population in the transition from pre-war to
war, but did not show recovery during the four weeks after the war.
For example, Supplementary Notes 3 and Supplementary Fig. 5
presents the case of a participant who exhibited increased stress,
reduced mood, reduced activity (step count and reported sport
time), shorter sleep duration, and reduced sleep quality during the
war compared to pre-war measures, and all these measures
remained altered for the four weeks after the war. It is possible that
changes in these measures, such as reduced mood, increased stress,
reduced activity, reduced interactions, and disturbed sleep, espe-
cially when persistent for over 4 weeks, may be related to the
development of psychopathology, including PTSD and major
depression44,45. Our data were not obtained using clinically vali-
dated scales or diagnoses. Future research should examine whether
individuals who do not show recovery based on well-being indi-
cators similar to those used in this study, are indeed at elevated risk
of developing psychopathology. Such individuals could be flagged
for referral to a mental health professional.

Another limitation of the study is the use of one-item self-
reported measures whose reliability and validity was put into
question by various studies. Clearly, using more elaborate and
complex tools may result in more detailed and reliable measures.
However, when attempting to measure a high number of dimen-
sions with high frequency, as done in this study, it is important to
keep the questions simple and their number as low as possible.

Any real-world system implementing our approach must con-
sider the following two aspects. First, our approach may raise ethical
concerns due to the sensitivity of the data being collected and
analyzed. Any real-world implementation must explicitly declare
the purpose for which the data were collected, and take all necessary
precautions to prevent data misuse. Second, it would be desired to
minimize the use of subjective measures to the minimum required
(e.g., in order to simplify the interaction with the users). Specifically,
despite the rich information they provide on a wide set of well-being
dimensions, some subjective measures can be replaced or be partly
induced from one or more other subjective and/or objective mea-
sures. For example, as detailed in Supplementary Notes 4 and
Supplementary Fig. 6, self-reported mood and self-reported stress
are highly correlated. Likewise, reported sport time was found to be
highly correlated with the smartwatch’s step count.

To sum, we presented an approach for real-time sensing of war’s
effects on well-being with smartphones and smartwatches. We
demonstrated how this approach could offer insights into changes
in well-being indicators during and after a war, and allow the
identification of populations in need. Given the continuing global
impact of wars, in general, and the ongoing Russian invasion of
Ukraine, in particular, such identification becomes crucial. In
principle, this study sets the know-how for simple, effective, and
automatic monitoring of populations not only during war situations
but also during other crises or scenarios requiring special attention.

Data availability
Data required to reproduce the results presented in this paper are available in the GitHub
repository46: https://github.com/permedtau/war_effects.

Code availability
The source code is available in the GitHub repository46: https://github.com/permedtau/
war_effects.

Received: 23 August 2022; Accepted: 31 March 2023;

COMMUNICATIONS MEDICINE | https://doi.org/10.1038/s43856-023-00284-y ARTICLE

COMMUNICATIONS MEDICINE |            (2023) 3:55 | https://doi.org/10.1038/s43856-023-00284-y | www.nature.com/commsmed 9

https://github.com/permedtau/war_effects
https://github.com/permedtau/war_effects
https://github.com/permedtau/war_effects
www.nature.com/commsmed
www.nature.com/commsmed


References
1. Hanson, E. & Vogel, G. In Trauma Counseling: Theories and Interventions (ed.

Levers, L. L.) Ch. 24 (Springer, 2012).
2. Khorram-Manesh, A., Burkle, F. M., Goniewicz, K. & Robinson, Y. Estimating

the number of civilian casualties in modern armed conflicts–a systematic
review. Front. Public Health 9, 765261 (2021).

3. Norris, F. H., Friedman, M. J. & Watson, P. J. 60,000 disaster victims speak:
part ii. Summary and implications of the disaster mental health research.
Psychiatry 65, 240–260 (2002).

4. Murthy, R. S. & Lakshminarayana, R. Mental health consequences of war: a
brief review of research findings. World Psychiatry 5, 25 (2006).

5. Landau, S. F., Beit-Hallahmi, B. & Levy, S. The personal and the political:
Israelis’ perception of well-being in times of war and peace. Soc. Indic. Res. 44,
329–365 (1998).

6. Neria, Y., DiGrande, L. & Adams, B. G. Posttraumatic stress disorder
following the september 11, 2001, terrorist attacks: a review of the literature
among highly exposed populations. Am. Psychol. 66, 429 (2011).

7. Weinberg, M. et al. War and well-being: the association between forgiveness,
social support, posttraumatic stress disorder, and well-being during and after
war. Soc. Work 62, 341–348 (2017).

8. Charlson, F. et al. New who prevalence estimates of mental disorders in
conflict settings: a systematic review and meta-analysis. Lancet 394, 240–248
(2019).

9. Jawaid, A., Gomolka, M. & Timmer, A. Neuroscience of trauma and the
russian invasion of ukraine. Nat. Hum. Behav. 6, 748–749 (2022).

10. Ridout, T. N., Grosse, A. C. & Appleton, A. M. News media use and
americans’ perceptions of global threat. Br. J. Polit. Sci. 38, 575–593 (2008).

11. Das, E., Bushman, B. J., Bezemer, M. D., Kerkhof, P. & Vermeulen, I. E. How
terrorism news reports increase prejudice against outgroups: a terror
management account. J. Exp. Soc. Psychol. 45, 453–459 (2009).

12. Goodwin, R., Lemola, S. & Ben-Ezra, M. Media use and insomnia after terror
attacks in france. J. Psychiatric Res. 98, 47–50 (2018).

13. Kahneman, D., Wakker, P. P. & Sarin, R. Back to bentham? explorations of
experienced utility. Q. J. Econ. 112, 375–406 (1997).

14. Oved, S. et al. Differential effects of covid-19 lockdowns on well-being:
interaction between age, gender and chronotype. J. Royal Soc. Interface 18,
20210078 (2021).

15. Sun, S. et al. Using smartphones and wearable devices to monitor behavioral
changes during covid-19. J. Med. Internet Res. 22, e19992 (2020).

16. Mofaz, M. et al. Self-reported and physiologic reactions to third bnt162b2
mrna covid-19 (booster) vaccine dose. Emerg. Infect. Dis. 28, 1375 (2022).

17. van Boxtel, G. J. et al. Heart rate variability, sleep, and the early detection of
post-traumatic stress disorder. Biol. Psychiatry 55, 953–956 (2018).

18. Weber, F. C. & Wetter, T. C. The many faces of sleep disorders in post-
traumatic stress disorder: An update on clinical features and treatment.
Neuropsychobiology 81, 85–97 (2022).

19. WeWorld. Situation in the occupied Palestinian territory. https://reliefweb.int/
report/occupied-palestinian-territory/flash-update-02-situation-occupied-
palestinian-territory (2023).

20. Tel Aviv University. The permed study. https://www.permed.sites.tau.ac.il/
(2022).

21. Vizcaino, M., Buman, M., DesRoches, T. & Wharton, C. From tvs to tablets:
the relation between device-specific screen time and health-related behaviors
and characteristics. BMC Public Health 20, 1–10 (2020).

22. Israel’s Home Front Command. The national emergency portal of the home
front command. https://www.oref.org.il (2021).

23. Cohen, J. A power primer. Psychol. Bull. 112, 155 (1992).
24. Pooley, J. A. & Cohen, L. Resilience: a definition in context. Aust. Community

Psychol. 22, 30–37 (2010).
25. Morina, N., Stam, K., Pollet, T. V. & Priebe, S. Prevalence of depression and

posttraumatic stress disorder in adult civilian survivors of war who stay in
war-afflicted regions. a systematic review and meta-analysis of epidemiological
studies. J. Affect. Disord. 239, 328–338 (2018).

26. Palmieri, P. A., Canetti-Nisim, D., Galea, S., Johnson, R. J. & Hobfoll, S. E. The
psychological impact of the israel– hezbollah war on jews and arabs in israel:
the impact of risk and resilience factors. Soc. Sci. Med. 67, 1208–1216 (2008).

27. Hantman, S., Solomon, Z. & Prager, E. How the gulf war affected aged
holocaust survivors. Clin. Gerontol. 14, 27–37 (1994).

28. Eshel, Y., Kimhi, S., Lahad, M. & Leykin, D. Individual, community, and
national resiliencies and age: are older people less resilient than younger
individuals? Am. J. Geriatr. Psychiatry 24, 644–647 (2016).

29. Center, A. F. H. S. et al. Associations between repeated deployments to iraq
(oif/ond) and afghanistan (oef) and post- deployment illnesses and injuries,
active component, us armed forces, 2003-2010. part ii. mental disorders, by
gender, age group, military occupation, and” dwell times” prior to repeat
(second through fifth) deployments. MSMR 18, 2–11 (2011).

30. Kelsey, R. M. et al. Cardiovascular reactivity and adaptation to recurrent
psychological stress: effects of prior task exposure. Psychophysiology 36,
818–831 (1999).

31. Santos, C. E., Benini, R. & Crestani, C. C. Spontaneous recovery, time course,
and circadian influence on habituation of the cardiovascular responses to
repeated restraint stress in rats. Pflügers Arch. J. Physiol. 472, 1495–1506
(2020).

32. Saunders, T., Driskell, J. E., Johnston, J. H. & Salas, E. The effect of stress
inoculation training on anxiety and performance. J. Occup. Health Psychol. 1,
170 (1996).

33. Hagströum, R. The acute psychological impact on survivors following a train
accident. J. Trauma. Stress. 8, 391–402 (1995).

34. Cardeña, E., Dennis, J. M., Winkel, M. & Skitka, L. J. A snapshot of terror:
acute posttraumatic responses to the september 11 attack. J. Trauma
Dissociation 6, 69–84 (2005).

35. Acierno, R., Ruggiero, K. J., Kilpatrick, D. G., Resnick, H. S. & Galea, S. Risk
and protective factors for psychopathology among older versus younger adults
after the 2004 florida hurricanes. Am. J. Geriatr. Psychiatry 14, 1051–1059
(2006).

36. Cohen, M. Acute stress disorder in older, middle-aged and younger adults in
reaction to the second lebanon war. Int. J. Geriatr. Psychiatry 23, 34–40
(2008).

37. Braun-Lewensohn, O. & Sagy, S. Community resilience and sense of
coherence as protective factors in explaining stress reactions: comparing cities
and rural communities during missiles attacks. Community Mental Heal. J. 50,
229–234 (2014).

38. Khamis, V. Coping with war trauma and psychological distress among school-
age palestinian children. Am. J. Orthopsychiatry 85, 72 (2015).

39. Hammad, J. & Tribe, R. Social suffering and the psychological impact of
structural violence and economic oppression in an ongoing conflict setting:
the Gaza strip. J. Community Psychol. 48, 1791–1810 (2020).

40. Palestinian central bureau of statistics. https://www.pcbs.gov.ps/site/lang_en/
1/default.aspx. Accessed: 2023-02-20.

41. Eshel, Y. & Kimhi, S. Community resilience of civilians at war: a new
perspective. Community Ment. Health J. 52, 109–117 (2016).

42. Zeidner, M. Contextual and personal predictors of adaptive outcomes under
terror attack: the case of Israeli adolescents. J. Youth Adolesc. 34, 459–470
(2005).

43. Sagy, S. & Braun-Lewensohn, O. Adolescents under rocket fire: when are
coping resources significant in reducing emotional distress? Glob. Heal.
Promot. 16, 5–15 (2009).

44. Sadock, B. Kaplan and Sadock’s Synopsis of Psychiatry: Behavioral Sciences/
Clinical Psychiatry (Williams & Wilkins, 2015).

45. Association, A. P. et al. Diagnostic and Statistical Manual of Mental Disorders
(American Psychiatric Association Publication, 2013).

46. permedtau. permedtau/war_effects: v1.0.0. https://doi.org/10.5281/zenodo.
7669439 (2023)

Acknowledgements
This research was supported by the Israel Science Foundation (grant No. 3409/19),
within the Israel Precision Medicine Partnership program.

Author contributions
M.M., M.Y., H.E., N.K.-S., D.Y., and E.S. analyzed the data and wrote the paper; M.M.,
D.Y., and E.S. performed the experiments; D.Y. and E.S. conceived and designed the
experiments.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s43856-023-00284-y.

Correspondence and requests for materials should be addressed to Erez Shmueli.

Peer review information Communications Medicine thanks the anonymous reviewers
for their contribution to the peer review of this work.

Reprints and permission information is available at http://www.nature.com/reprints

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

ARTICLE COMMUNICATIONS MEDICINE | https://doi.org/10.1038/s43856-023-00284-y

10 COMMUNICATIONS MEDICINE |            (2023) 3:55 | https://doi.org/10.1038/s43856-023-00284-y | www.nature.com/commsmed

https://reliefweb.int/report/occupied-palestinian-territory/flash-update-02-situation-occupied-palestinian-territory
https://reliefweb.int/report/occupied-palestinian-territory/flash-update-02-situation-occupied-palestinian-territory
https://reliefweb.int/report/occupied-palestinian-territory/flash-update-02-situation-occupied-palestinian-territory
https://www.permed.sites.tau.ac.il/
https://www.oref.org.il
https://www.pcbs.gov.ps/site/lang_en/1/default.aspx
https://www.pcbs.gov.ps/site/lang_en/1/default.aspx
https://doi.org/10.5281/zenodo.7669439
https://doi.org/10.5281/zenodo.7669439
https://doi.org/10.1038/s43856-023-00284-y
http://www.nature.com/reprints
www.nature.com/commsmed


Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

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

© The Author(s) 2023

COMMUNICATIONS MEDICINE | https://doi.org/10.1038/s43856-023-00284-y ARTICLE

COMMUNICATIONS MEDICINE |            (2023) 3:55 | https://doi.org/10.1038/s43856-023-00284-y | www.nature.com/commsmed 11

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

	Real-time sensing of war’s effects on wellbeing with smartphones and smartwatches
	Methods
	Study design
	Inclusion criteria
	Participant recruitment and engagement
	Data collection
	Data preprocessing
	Statistics and reproducibility
	Reporting summary

	Results
	Descriptive statistics
	Changes in heart rate following a siren
	Effects of the war on various wellbeing indicators
	Subgroups post hoc analysis

	Discussion
	Data availability
	References
	Code availability
	References
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




