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Recent international terror outbreaks notably involve long-term
mental health risks to the exposed population, but whether
physical health risks are also anticipated has remained unknown.
Here, we report fear of terror-induced annual increases in resting
heart rate (pulse), a notable risk factor of all-cause mortality.
Partial least squares analysis based on 325 measured parameters
successfully predicted annual pulse increases, inverse to the expected
age-related pulse decline, in approximately 4.1% of a cohort of
17,380 apparently healthy active Israeli adults. Nonbiased hierar-
chical regression analysis among 27 of those parameters identified
pertinent fear of terror combined with the inflammatory bio-
marker C-reactive protein as prominent coregulators of the observed
annual pulse increases. In comparison, basal pulse primarily depended
on general physiological parameters and reduced cholinergic control
over anxiety and inflammation, together indicating that consistent
exposure to terror threats ignites fear-induced exacerbation of
preexisting neuro-immune risks of all-cause mortality.
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Recent international terror outbreaks involve mass psycho-
logical trauma, leading to long-term mental health risks in

the exposed population (1, 2). Fear-induced reactions involve
cortical and limbic brain regions that together enhance threat-
predictive sensory stimuli (3) by interacting with cholinergic
signaling pathways (4) in the hippocampus (5), the central amyg-
dala (6), and the prefrontal cortex, especially in adults (7). Im-
minent fear may even cause immediate cardiac death [e.g., after an
earthquake (8)]. However, whether fear exposure elevates cardiac
risks of death to otherwise healthy civilians, and if so, what are the
causes of such risks, remains unknown.
Pulse is a promising modifiable predictor of cardiovascular

and all-cause mortality. Elevated pulse associates with increased
systemic inflammation and endothelial dysfunction in older adults
(9) and predicts increased risk of death from ischemic heart dis-
ease (10). Changes in basal pulse and pulse variability are tightly
associated with sudden cardiac death and all-cause mortality, also
in asymptomatic men (11). Pulse reflects a complex trait, deter-
mined by multiple genetic, environmental, and other endogenous
factors that play a substantial role in population variation (12).
These include excessive inflammation, shown to associate with
pulse increases (13), to be controlled by cholinergic imbalance
(decreased vagal tone or increased sympathetic activity) (14), and
to increase mortality (15). However, whether specific psycholog-
ical factors determine the basal pulse and annual pulse changes
in active adults is still unknown, perhaps because the intensity of
psychological phenomena largely depends on external sources
and is highly variable.
Although fear of terror (FOT) is universal, Israel has been

exposed to the repeated stress of multiple wars and terror attacks
for more than 60 y, with a major impact on the entire society
(16). To approach the health risks involved in FOT, we therefore
explored the parameters determining resting heart rate (pulse)
and its annual change in the Israeli population.

Results
Fear-of-Terror and Inflammation Copredict Pulse Increases. Average
maximal pulse values tend to decrease with aging (17), such that
pulse increases are the exception. To search for the key param-
eters involved, we screened a cohort of 17,380 apparently healthy
working adult volunteers for predictors of elevated (residual) pulse.
A total of 325 routinely and successively measured parameters (16)
were included, spanning physiological parameters (including sports
activity, smoking), inflammation biomarkers [e.g., C-reactive pro-
tein (CRP), fibrinogen], and psychological measures of anxiety,
FOT, and perceived control over one’s life. A dynamic regression
analysis tree (SI Materials and Methods) that included a validated
selection of 27 of these components, each by itself and also as its
change from baseline (annual difference), identified inflammatory
profile, FOT, and perceived control over one’s life as prominent
determinants of annual pulse increases (Fig. 1).
To classify the cohort members by the extent of annual change in

their pulse, we performed an independent partial least squares
(PLS) analysis on these 325 parameters (18). By reprocessing of the
collected multivariate data and removing those variations from the
descriptor variables that are not correlated to the property variables,
such analyses enable reduced model complexity with preserved
prediction ability. Classification success rate calculated for 95% of
these volunteers (training data) with a 20-fold cross-validation (test
data) predicted annual pulse changes >1.5 SD in approxi-
mately 8.2% of the cohort, yielding 81–85% accuracy of separation

Significance

Increased heart rate predicts all-cause mortality; however, the
major causes for elevated basal heart rate values and annual
changes in them have not been systematically studied, possibly
because of the high individual variability involved. Our study
addressed the question, “which physiological and psychologi-
cal parameters determine basal pulse and its annual changes?,”
in a cohort of 17,380 apparently healthy volunteers. This is, to
the best of our knowledge, the first statistics-based search for
the major interactions between physiological and psychologi-
cal determinants of basal pulse and annual pulse changes; it
indicates, perhaps not surprisingly, that consistent exposure to
terror threats ignites fear-induced exacerbation of preexisting
neuro-immune risks of all-cause mortality and proposes a set of
risk-predicting parameters that may have translational value.
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between individuals predicted to present declined or elevated pulse
(Fig. 2A). Principal component separation classified participants
with 1.5 SD more effectively than those with 1.0 SD (Fig. 2B).
To interrogate potential interactions between the major rele-

vant parameters, we plotted the increases in CRP (19) against
FOT levels. Three-dimensional plots including pulse measures
showed that participants who presented the largest annual in-
crease of square root-transformed pulse (Fig. 3A, top right cor-
ner) showed synergistic association of elevated CRP and FOT
scores. An inverse discriminative PLS-based separation of pulse
values at 1 SD level classified those volunteers with increases in

both CRP and FOT values more successfully than those with
either CRP or FOT increases (Fig. 3 B–D), together supporting
the notion that CRP and FOT interactions are prominent deter-
minants of the observed pulse change.

Basal Pulse Involves Inflammation and Cholinergic Parameters. A non-
biased hierarchical regression tree analysis adjusted for age, sex, and
BMI showed data-driven cutoff values of restrained inflammation
(CRP < 3 mg/L and fibrinogen < 231 mg/dL) and sport activity (> 2
h/wk) as prominent determinants of resting pulse (Fig. 4). Neu-
trophil and leukocyte counts, smoking, and BMI > 22 kg/m2

Fig. 1. FOT-inducible pulse changes: Hierarchical plot of predictors of residual annual pulse change. An analysis regression tree was constructed of the
residual score of annual pulse change [adjusted for age, sex, and body mass index (BMI) for 9,946 of the 17,380 cohort members (details in SI Materials and
Methods)]. Branches were hierarchically organized, such that the higher is more important and each branch divides the rest of the cohort using the calculated
cut-point value noted in the circle (left side = statement in parent circle confirmed). Circles are color-coded by the calculated effect on residual annual pulse
change (increase or decrease; scale). Of the physiological, psychological, and medical parameters entered into the model, inflammation parameters, sport
activity, and FOT and perceived control emerged as significant predictors. ESR, erythrocyte sedimentation rate.

Fig. 2. PLS identified pulse changes. (A) PLS classification of pulse changes. Shown are classification success rates as a function of threshold for pulse changes
on a training dataset of 95% of the volunteers (green) and a 20-fold cross-validation test dataset (blue) for the noted discrimination SD threshold values. (B)
Discriminative classification results. Shown are example classified principal component values for pulse changes (up, red; down, blue) at 1 and 1.5 SD levels for
the noted numbers of volunteers.
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represented the next set of predictors for elevated pulse. These
discriminating cutoff values are identical to known cutoff values for
reducing the risk of heart attack and stroke (20). In contrast, anxiety
scores were absent from the regression of basal pulse values.
Given the impact of inflammation on pulse measurements,

and because cholinergic signaling blocks inflammatory effects

(14, 21), we have further applied a dedicated test for cholinergic
signaling in a subset cohort (398 men and 214 women) of the
study’s volunteers. Briefly, we measured serum cholinergic status,
the total ability to hydrolyze acetylcholine that reflects cumulative
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
activities (22), and decreases in which reflect mortality risks after

Fig. 3. FOT–CRP interactions affect pulse changes. (A) Coelevated FOT and CRP strongly correlate with pulse increases. Triple association of FOT, in-
flammation, and annual pulse change presents the differences between the observed and expected value for individuals with the same age, sex, and BMI.
Annual pulse changes (color code) were square root transformed. Note the increasing tendency for elevated pulse (red) in those participants with coincreased
FOT and CRP. (B–D) CRP and FOT changes coclassify volunteers with pulse variations. Volunteers with elevated or decreased pulse (1 SD) were classified by CRP
(B), FOT (C), or CRP and FOT (D). Small translucent ellipsoids represent 0.5 × SD and outer circles 3 × SD for each group. To illustrate the true (eight-
dimensional) separation between volunteers we present the discrimination ability (DA) with closer values to their own group mean than to the other group.

Fig. 4. CRP and cholinergic interactions affect basal pulse values: Hierarchical plot of predictors of residual pulse. An analysis regression tree was constructed
of the residual score of basal pulse (adjusted for age, sex, and BMI) for 17,380 cohort members, essentially as in Fig. 1. Of the physiological, psychological, and
medical parameters entered into the model, inflammation parameters and sport activity but not FOT and perceived control emerged as significant predictors.
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cardiac events (23). In a regression analysis of healthy adults,
cholinergic status values corroborated the cholinergic antiin-
flammatory effect, such that participants with elevated inflam-
mation (CRP > 3 mg/L) showed significantly higher total cholinergic
status (P = 0.021 and P = 0.016 for men and women, respectively).
Additionally, addition of cholinesterase activity to the model of
pulse prediction yields a significant measure in men, but not
women (Fig. 5A; R2 change = 0.03, F change = 3.6, P = 0.03),
compatible with the sex-related nature of cholinergic status and
inflammation values (24).
We found major FOT contributions to annual pulse increases,

and effects of inflammation and cholinergic measures on basal
pulse values, together supporting the hypothesis that consistent
exposure to terror threats potentiates malregulated cardiac physi-
ology, increasing preexisting neuro-immune risks of all-cause
mortality. Culturally embedded stress has been shown to effect
timing of death (25); however, to the best of our knowledge, this is
the first large-scale search for the physiological and psychological
parameters that together affect pulse increases. Specifically, we
find FOT to contribute to pulse changes that synergistically asso-
ciate with elevated CRP levels. Figure 5 B and C present this
working hypothesis schematically.
Cholinergic status values improved pulse predictions even when

controlled for all other risk factors in men but not in women (24),
compatible with the antiinflammatory effect of cholinergic sig-
naling (14) as well as with previous reports of protective acetyl-
choline effects on ischemic myocardium (26), and with the pulse
improvement effects of the AChE inhibitor pyridostigmine (27).

Given that information on pulse and its time-related changes
is easy to obtain and follow up, our findings may be useful in
identifying asymptomatic people at risk who could benefit from
primary prevention measures, for example by vagal stimulation,
antiinflammatory or anticholinesterase medications, or by phys-
ical activity, that limits increases in cardiovascular mortality risk
(28). Future studies may focus on stress-inducible epigenetics
(29), microRNA-mediated (21), and genetics changes (30). Iden-
tifying parameters whose changes may limit the FOT-inducible risk
may be especially beneficial for stress-reactive individuals with
moderate to high pulse rates.

Materials and Methods
The data used in this study were collected as part of the “TAMCIS: Tel Aviv
Medical Center Inflammation Survey.” Study participants (N = 10,972 men
and 6,408 women) were all apparently healthy employees, attending a
center for periodic health examinations, for a routine health examination
during the years 2002–2013.

Participants were recruited individually by an interviewer while waiting
their turn for the clinical examination. They represent 91.5% of the exam-
inees during this period. We systematically checked for nonresponse bias and
found that nonparticipants did not differ from participants on any of the
socio-demographic or the biomedical variables (details in SI Materials
and Methods).
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