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ARTICLE INFO ABSTRACT

Keywords: Introduction: Past work relates intelligence quotient (IQ) to risk for Post-Traumatic Stress Disorder (PTSD) among
PTS_D symptoms soldiers. We gathered data over multiple deployments to assess how IQ relates to the rate of symptom devel-
Trajectories opment both directly and through increasing the risk for traumatic combat exposure.

:—ﬁ:ﬁi:e Methods: Male infantry soldiers from a maneuver brigade (N = 582) were followed over the 3-year period of their
Soldiers mandatory military service. Data were collected at 3-time-points: 1) shortly after enlistment and before

deployment; 2) about 15 months into the service following one deployment, and another year later following
additional deployments. IQ was measured before recruitment into the military; PTSD symptoms and combat
exposure were measured at each time-point.

Results: Lower general IQ, and in particular lower abstract reasoning capabilities, related to steeper increases in
PTSD symptoms, TIME X IQ= -.05, SE= .02, t(442.79) = -3.255, p < .01, controlling for the effect of pre-military
traumatic experience. This relation was partly mediated by combat exposure, Effect= -.04, BootSE= .01, 95 % CI
[-.06, —.02].

Conclusion: The results identify important risk factors for PTSD that can inform approaches to PTSD mitigation in
the military and other organizations. Given that this study enrolled a male sample the generalizability of the
results awaits further research.

1. Introduction symptoms at a single time-point { (Gale et al., 2008; Green et al., 1990;

Macklin et al., 1998; Pitman et al., 1991; Thompson & Gottesman, 2008)

Post-Traumatic Stress Disorder (PTSD) symptoms among soldiers
correlate with factors operating before and during traumatic exposure
(McKeever & Huff, 2003; Yehuda & LeDoux, 2007). Low intelligence
quotient (IQ) represents one pre-exposure factor linked to risk for PTSD,
with lower IQ reflecting greater risk for PTSD (Brewin et al., 2000; Gale
et al., 2008; Green et al., 1990; Macklin et al., 1998; Pitman et al., 1991;
Thompson &  Gottesman, 2008). Although this relation is
well-replicated, two important gaps remain. First, most studies assess

(but see (Sgrensen et al., 2016))}, leaving open the question of how IQ
relates to the rate of PTSD symptoms over time. Second, few studies
examine potential confounders in the IQ-PTSD association. Specifically,
soldiers with lower IQ might be more prone to traumatic exposure due to
factors such as specific mission and role choices during deployment.
Here we address these gaps in a large longitudinal sample of combat
deployed soldiers. IQ was measured before enlistment; combat exposure
and PTSD symptoms were measured at three time-points over a
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three-year period: at enlistment before combat deployment, 15 months
later following the first deployment, and following additional
deployments.

IQ could modulate risk for PTSD through various mechanisms.
Higher IQ could enhance resilience by facilitating the use of effective
coping skills and better emotion regulation (Ehring & Quack, 2010;
McLean & Foa, 2017), or higher IQ could play a role in reduced exposure
to risk factors, lead amongst which is exposure to combat events. We
tested whether IQ is related to PTSD symptom trajectories through the
risk factor of combat exposure. Prior studies indicate that IQ inversely
correlates with combat exposure and with PTSD symptoms severity even
when controlling for combat exposure (Pitman et al., 1991; Thompson &
Gottesman, 2008). We provide a formal mediation model (Hayes, 2017)
of this tri-factor association in a large sample of combat deployed
soldiers.

We tested two hypotheses: 1) IQ is inversely associated with an in-
crease in PTSD symptoms over time; and 2) IQ relates to combat expo-
sure, and combat exposure mediates the association between IQ and
PTSD symptoms.

2. Methods
2.1. Participants

Participants were a cohort of male Israel Defense Force (IDF)
combatant infantry soldiers embedded in a maneuver brigade (N = 582;
mean age at enrollment=19.6 years, SD=0.8; range=18-27). Inclusion
criterion was fluency in Hebrew. Of 654 potential participants 2 %
declined participation, 7 % had insufficient fluency in Hebrew, and
2.2 % were not available during the baseline measurement. Data were
collected at baseline within 2 weeks of military enlistment (time-point 1;
n = 582), 15 months later, following first combat deployment (time-
point 2; n = 484), and a year later, following additional combat de-
ployments (time-point 3; n = 457). Complete repeated-measures dataset
(n = 400).

All participants provided written informed consent. Given the
sensitivity of research in military settings, researchers worked with the
IDF to empower participants to decline participation. The study was
approved by the Tel Aviv University Institutional Review Board and the
IDF Medical Corps Ethics Committee.

2.2. Measures

2.2.1. Combat exposure

The Combat Exposure Scale (Wald et al., 2013; Hoge et al., 2004)
was used to track combat exposure. This 20-item yes/no questionnaire
describes events soldiers may encounter during combat. The total score
reflects a count of the endorsed events.

2.2.2. PTSD symptoms

Past-month PTSD symptoms were measured using the PTSD Check-
list (PCL-5, specific stressor version) (Blevins et al., 2015). The PCL-5
was administered directly after the Combat Exposure Scale. Partici-
pants were instructed to report symptoms specifically related to the
combat events they had described in the previous questionnaire. Cron-
bach’s as for each of the time-points was 0.93. Probable PTSD was
determined as per DSM-5 criteria (i.e., endorsement of at least 1 intru-
sion symptom, 1 avoidance symptoms, 2 hyperarousal symptoms, and 2
symptoms of negative alterations in cognitions and mood). In addition, a
total PCL-5 score > 30 was required, based on validation studies on the
PCL-5 (Ashbaugh et al., 2016; Blevins et al., 2015) and validation checks
conducted at the National Center for Traumatic Stress and Resilience at
Tel Aviv University.

2.2.3. Generalized Anxiety
Generalized anxiety symptoms were measured using the 7-item
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Generalized Anxiety Disorder (GAD-7) questionnaire (Lowe et al.,
2008). The GAD-7 has high reliability and validity and is commonly
used in anxiety studies (Spitzer et al., 2006). Cronbach’s a for the first
time-point was.86 and.90 for the second and third time-points.

2.2.4. Depression

Depression symptoms were measured using the Patient Health
Questionnaire (PHQ), an 9-item self-report questionnaire (Kroenke
et al., 2001). The possesses high reliability and validity (Martin et al.,
2006; Wells et al., 2013). Cronbach’s as were.82,.83 and.85 for
time-point 1, 2, and 3, respectively.

2.2.5. Intelligence

IQ was measured using the standardized IDF test administered at age
17 years during a Draft Board assessment. The IDF uses this IQ mea-
surement to secure desired IQ distributions across infantry brigades.
Scores range 10-90 in steps of 10, with 50 reflecting the population
average. The test consists of four sub-scales: a) Ability to understand and
carry out verbal instructions, a modified Otis-type test adapted from the
US Army Alpha Instruction Test; b) Verbal abstraction and categoriza-
tion, adapted from the ’similarities’ sub-test of the Wechsler Adult In-
telligence Scale (WAIS); c) Mathematical reasoning, a similar, yet more
difficult version of the Arithmetic sub-test of the WAIS; and d) Non-
verbal abstract reasoning, akin to Raven’s progressive matrices test
(Raven & Court, 1938). The sum of the four sub-test scores forms a
validated measure of general intelligence (Gal, 1986). In validation
studies conducted by the Draft Board, the 95th percentile of the total
score was equivalent to an IQ above 135, and the correlation between
the summary score and the WAIS total IQ was > 0.90 (Gal, 1986;
Rabinowitz et al., 2000; Weiser et al., 2007, 2017).

2.2.6. Traumatic experiences before military enrollment

Pre-military traumatic experiences were assessed using an 8-item
yes/no questionnaire (Wald et al., 2013). This probed whether partici-
pants: 1) were present and/or injured in a terrorist attack; 2) were in an
area attacked by missiles or artillery or injured by such an attack; 3)
were present and/or injured in a motor vehicle accident; or 4) experi-
enced sexual or physical assault. The total score reflects a count of the
endorsed events.

2.3. Procedure

IQ was assessed at age 17 before enrollment; PTSD symptoms,
traumatic exposure, generalized anxiety, and depression were measured
at three time-points: baseline pre-deployment data were collected in the
basic training camp within two weeks of military enlistment, the second
and third data collection points were conducted 15 months later
(following a first deployment) and a year later (following additional
deployments).

2.4. Statistical analyses

The three time-points of data were analyzed with mixed-effect
growth models (Bliese and Ployhart, 2002) using the nlme package in
R (Pinheiro & Bates, 2000). The analysis included soldiers who partic-
ipated in at least two time-points of data collection (n = 512). Following
Bliese and Ployhart (Bliese & Ployhart, 2002), we first calculated an
interclass correlation (ICC) to examine the amount of variance in PTSD
symptoms associated with individuals (between variance) vs. repeated
measures (within variance). Second, we entered a numeric vector rep-
resenting the three time-points in chronological order (TIME) to esti-
mate the linear trajectory of PTSD symptoms. Parameter estimates for
TIME represent the estimated change in PTSD symptoms over time (i.e.,
the trajectory across the entire study period). Third, we tested if
allowing unique time-related trajectories improved model fit by esti-
mating models with random TIME slopes across individuals, to
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determine whether time-related linear effects found in step 2 generalize
to all participants or whether symptom trajectories differ at
person-specific rates. After ensuring proper model specification using
the steps above, we evaluated the interactive effect of IQ on PTSD
symptoms, adjusting for pre-military enrollment traumatic experiences,
estimating the effect of IQ on trajectories of PTSD symptoms. This pro-
cedure was applied separately to the general IQ score and to each of the
four sub-scales of the IDF’s IQ test. To evaluate the impact of IQ on
trajectories of combat exposure over time, we replicated the analytic
procedure described by Bliese and Ployhart (Bliese & Ployhart, 2002)
with combat exposure score as the dependent variable. Combat exposure
score at timepoint 1 was set to zero for all participants. After ensuring
proper model specification we evaluated the interactive effect of IQ on
trajectories of combat exposure. To examine whether the association
with IQ is unique to PTSD symptoms we also tested this model for
depression (PHQ-9) and generalized anxiety disorder (GAD-7) symptom
scores.

To analyze the interplay between IQ, combat exposure, and PTSD
symptoms we applied a mediation model (Hayes, 2017), with IQ as the
independent variable, PTSD symptoms at time-point 3 as the dependent
variable, and combat exposure at time-point 3 as the mediator, using the
PROCESS macro v.3.5.3 software (model 4) for SPSS (SPSS, Chicago).
Bias corrected bootstrap confidence intervals were used for inference
about indirect effects. We applied a 95 % confidence interval and 10,000
bootstrap samples. The mediator variables are considered significant if
the confidence interval does not include zero. Separate models were
applied to the total IQ score and to each of the IQ sub-scales.

3. Results

The distribution of total IQ scores is presented in Table 1. Mean IQ
was 59.43, SD= 15.64 (slightly higher than the population mean of 50).
No significant difference was observed in IQ scores between soldiers
who dropped out after time-point 1 and those who remained in the study
(p > .05). 51.7 % of the participants experienced at least one traumatic
event before military enrollment. 4.3 % were present and/or injured in a
terrorist attack; 27.15 % were in an area attacked by missiles or artillery
or injured by such an attack; 34.36 % were present and/or injured in a
motor vehicle accident; and 8.76 % experienced sexual or physical as-
sault. 91.8 % of the participants experienced at least one combat event
by time-point 3. Akin to other cohorts of IDF infantry soldiers (Wald
et al., 2013), probable PTSD was noted in 4.4 % of the participants
following multiple deployments.

3.1. IQ and PTSD symptoms

The mixed-effect growth models indicate that 47 % of the variance in
PTSD symptoms can be attributed to between-individual factors, and
53 % to variability in repeated-measures of PTSD symptoms. A signifi-
cant linear trajectory between TIME and PTSD symptoms was noted
(TIME=0.86, SE=0.24, t(924) = 3.54, p < 0.001). A model allowing for
random slopes provided a better fit to the data than a model where linear
trajectories were held constant (Log-likelihood ratio test=12, p < 0.01),
we therefore used the random slopes model as the baseline model to test

Table 1
Frequencies and cumulative percentages of IQ scores.

IQ Score Frequency Cumulative Percent
20 6 1

30 29 6

40 66 17.4

50 132 40

60 138 63.7

70 113 83.2

80 65 94.3

920 33 100
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IQ as a predictor of differences in PTSD symptoms.

Table 2 presents the results of a mixed-effect growth model esti-
mating the effect of IQ on trajectories of PTSD symptoms controlling for
the effect of pre-military traumatic experience (TIME xIQ + TIME x Pre-
military traumatic exposure). The model indicates that PTSD symptom
trajectories significantly relate to IQ, TIMEXIQ= -.05, SE= .02, t
(442.79) = -3.255, p < .01. Higher IQ scores were associated with lower
initial levels of PTSD symptoms, and reduced growth in PTSD symptoms
over time (shown in Fig. 1A). PTSD symptom trajectories were also
specifically related to scores at the Non-verbal abstract reasoning sub-
scale, TIME x Abstract Reasoning= -.13, SE= .06, t(447.19) = -2.36,
p < .05. The remaining three intelligence sub-scales were not signifi-
cantly related to PTSD symptoms (all p’s > .07).

3.2. 1Q and combat exposure

The mixed-effect growth models indicate that virtually none
(4.422022e-09 %) of the variance in combat exposure can be attributed
to between-individual factors. The low between-individual variance
indicates that combat exposure is primarily tied to a specific time point
in the data and that participants do not tend to have consistently high or
low exposure across times. This observation was confirmed by a strong
significant linear trajectory between TIME and combat exposure
(TIME=2.12, SE=0.06, t(935) = 35, p < 0.001). The low variance does
not preclude the possibility that individual characteristics such as IQ will
predict the slope of PTSD level trajectories. In accordance, a model
allowing for random slopes provided a better fit to the data than a model
where linear trajectories were held constant (Log-likelihood ratio
test=507.15, p < 0.0001), we therefore used the random slopes model
as the baseline model to test IQ as a predictor of differences in combat
exposure.

The mixed-effect growth model estimating the effect of IQ on tra-
jectories of combat exposure (TIMExIQ) indicates that combat exposure
trajectories significantly relate to IQ, TIMEXIQ=-.02, SE=.004, t
(520.84) = -4.52, p < .0001. Higher IQ scores were associated with
reduced growth in combat exposure over time (shown in Fig. 1B)

The mediation model coefficients are summarized in Fig. 1C. Results
indicate a direct effect of IQ on PTSD symptoms, b=-.12, SE=.03,
p < .001,95 % CI [-.19, —.06], an effect of IQ on combat exposure, b= -
.04, SE= .01, p < .0001, 95 % CI [-.06, —.02], and an effect of combat
exposure on PTSD symptoms, b= .94, SE= .17, p < .001, 95 % CI [.61,
1.26]. The bias-corrected bootstrap confidence interval for the indirect
effect does not include zero, indicating a significant mediation effect of
combat exposure on the association between IQ and PTSD symptoms,
Effect= -.04, BootSE= .01, 95 % CI [-.06, —.02]. This model indicates
that lower IQ is associated with both higher risk of developing PTSD
symptoms following combat exposure and experiencing more combat
events, which in turn increase the probability of developing PTSD
symptoms.

Utilizing identical model specifications, we examined the relation
between the abstract reasoning sub-scale score, combat exposure and
PTSD risk. This analysis revealed that lower abstract reasoning was
associated with an increased risk of PTSD, both directly and indirectly
through heightened susceptibility to combat exposure (see

Table 2
A mixed-effect growth model of PTSD symptoms among combat-deployed
soldiers.

Est S.E.
Intercept 7.78 * ** 1.61
Time 4.04 1
1Q —0.05 * 0.03
Pre-Enrollment Traumatic Experience Rl 0.38
Time x Pre-Enrollment Traumatic Experience -0.11 0.25
Time x IQ —0.05 * * 0.02

3

=p < .05, * *=p < .01, * ** =p < .001
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Fig. 1. A. A mixed-effect growth model of predictive values of PCL scores by IQ scores over time. B. A mixed-effect growth model of predictive values of combat
exposure scores by IQ scores over time. C. A mediation model of the association between IQ and PTSD symptoms, with Combat Exposure as the mediator.

* %% =p <.001, * ** *=p < .0001.

supplementary material for a detailed figure and statistical data).

We further calculated odds ratios (OR) of probable PTSD diagnosis
using different IQ scores as cutoffs. Participants with an IQ score below
50 (the population average) were 3.5-fold more likely to develop
probable PTSD than participants with an IQ > 50 (OR=3.5, 95 % con-
fidence interval [CI] 1.4-9). Participants with an IQ score > 70 were
12.4-fold less likely to develop probable PTSD than participants with a
score < 70 (OR=12.4, 95 % confidence interval [CI] 1.64-93.46). Out of
the participants with probable PTSD only 5 % had an IQ score > 70, and
no probable PTSD cases were noted with an IQ score > 80.

3.3. IQ, anxiety and depression

The mixed-effect growth models estimating the effect of IQ on
generalized anxiety and depression symptoms indicated that IQ was not
significantly related to both measures (ps=.23 and.06, respectively. Full
specifications for both models are provided in the supplementary
material).

4. Discussion

This study generated two key findings. First, IQ is inversely associ-
ated with an increase in PTSD symptoms over time. This IQ-PTSD
severity association was primarily driven by non-verbal abstract
reasoning capabilities. Similar associations were not observed for the
trajectories of generalized anxiety and depression symptoms. Second,
this IQ-PTSD symptoms association is partially mediated by combat
exposure.

Extending past work on the IQ-PTSD association (Brewin et al., 2000;
Gale et al., 2008; Macklin et al., 1998; Thompson & Gottesman, 2008;

Parslow & Jorm, 2007), the results of the current study model the
relation that IQ shows with the slope of increase in symptoms with
multiple deployments. This longitudinal trajectory highlights the
importance of considering the impact of IQ on PTSD symptom accu-
mulation in soldiers who are repeatedly deployed. The current results
stand in contrast to the only previous study offering trajectories analysis
in relation to the IQ-PTSD association in soldiers (Sgrensen et al., 2016),
which did not find substantial support for an association between IQ and
trajectories of PTSD symptoms. Differences in design and analytic stra-
tegies between the two studies could explain the discrepancy. First, in
the Sgrensen et al. study (S¢rensen et al., 2016), the level of exposure to
combat was determined from a single 6-month deployment. As a result,
the variations in PTSD symptoms severity observed at different times
could be influenced by simple passage of time, rather than by specific
and clear accumulation of combat exposure. Second, Sgrensen et al.
suggest that the ‘relieved-worsening group’ (n = 9) in their sample, the
only non-resilient trajectory in this study that had lower IQ scores than
the resilient trajectory, might have experienced traumatic events early
on in life, which resulted in high levels of symptoms measured upon
recruitment. In such a case, later PTSD emergence might reflect an effect
of previous trauma rather than of combat exposure. The current study
focused on the effect of IQ on combat-related PTSD, and controlled for
pre-military traumatic exposure, verifying that the PTSD trajectories
described are the result of combat exposure. Finally, more than 50 % of
the studied participants in Sgrensen et al. were non-combatants and the
frequency and severity of combat exposure in the full sample is therefore
not entirely clear. Our finding of steeper trajectories of PTSD symptoms
in relation with lower IQ over time adds a temporal dimension to the
previously shown IQ-PTSD association. It relates the relevance of IQ,
which is used as a selection and assignment tool in the IDF and in most
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other military organizations, to the psychological resilience of soldiers
undergoing multiple combat deployments.

Studies have shown that IQ is negatively related to combat exposure
(Pitman et al., 1991; Thompson & Gottesman, 2008). However, unlike
prior studies, we utilized a formal mediation model (Hayes, 2017). The
indirect path in the model indicates that lower IQ not only relates to
increase in PTSD symptoms following combat exposure but also poses a
risk for experiencing more combat events, which in turn enhances risk
for PTSD. It remains unclear how IQ affects the risk for combat exposure,
and many pathways are possible. For instance, high IQ could be asso-
ciated with patterns of information processing that mitigate exposure.
Alternatively, certain roles within the military might require higher
levels of IQ while simultaneously being less risky. Importantly, the IDF
does not officially utilize its IQ measurement as a tool for selectively
assigning individuals to different roles within an infantry brigade.
However, this does not rule out the possibility that IQ-associated qual-
ities are implicitly affecting certain role assignments by direct com-
manders. This phenomenon of IQ risk stratification is likely to be present
in larger societal occupational contexts. Further research is needed to
better understand this aspect of the IQ-exposure-PTSD symptoms
association.

Analyses of the relations between PTSD symptoms trajectories and
specific sub-scales of the IQ test highlights the significant role of non-
verbal abstract reasoning, an indicator of fluid or analytical intelli-
gence (Raven & Court, 1938). Abstract reasoning encompasses critical
problem-solving abilities such as abstraction and goal management
(Carpenter et al., 1990), and thus may hold relevance in the context of
combat deployment. Efficient goal management, entailing the deriva-
tion of sub-goals from overarching objectives and their systematic
monitoring, can be critical in combat scenarios where rapid adaptation,
task prioritization, and focus maintenance amid stress are essential. The
ability for abstraction can also affect post-traumatic exposure adapta-
tion, where constructing a coherent and comprehensive narrative of an
experienced traumatic event has been linked to lower PTSD severity
(Amir et al.,, 1998). The capacity for abstraction and reasoning
(Carpenter et al., 1990), can enhance the understanding of a traumatic
experience by forming more integrated and accurate accounts of the
event, thereby contributing to resilience.

The results of the current study should also be interpreted consid-
ering some limitations. First, our sample included 582 participants but
only 400 had complete repeated measurements. Although this drop-out
is accounted for in the statistical modeling and is partially mitigated by
the added statistical power of within-subject repeated-measurements, it
still poses challenges for results interpretation. Second, due to the
inherent challenges of data collection from combat deploying soldiers,
the conditions under which data were collected were not fully uniform
and could have contributed to ‘noise’ in the data. It is worth noting,
however, that the significant findings reported here were obtained
despite this potential noise and that the observed power of the findings
suggest an internally robust effect. Third, in the mediation analysis,
PTSD symptoms and combat exposure were assessed at the same time-
point 3, which may present a challenge in inferring their temporal
relation in the model. Ideally, combat exposure would have been
measured at time prior to PTSD symptoms to more clearly distinguish
the directionality of their association. However, there are considerations
that may mitigate this concern to some extent. In the current study
combat exposure measured at time-point 3 provide the most compre-
hensive representation of participants’ combat experiences. Further-
more, most of the combat exposure occurred between time-point 2 and
3, afact that mirrors the observed increase in PTSD symptomology in the
sample. It also appears theoretically somewhat less plausible that PTSD
would influence subsequent combat exposure than vice versa. Fourth,
while we controlled for pre-military traumatic experiences in analyses,
we did not account for traumatic events that may have occurred during
military service but outside of combat contexts. Such experiences may
also contribute to the development of PTSD symptoms and could
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confound the relation between IQ and PTSD risk observed in the current
sample. Finally, the infantry brigade we studied consisted of males only.
Consequently, the generalizability of the current results to a broader
population comprising both male and female soldiers is constrained.
Future research could address this limitation by incorporating diverse
samples representative of all genders within military contexts.

In conclusion, the current study shows that lower IQ is associated
with a steeper increase in PTSD symptoms over time. The results further
indicate that the impact of IQ on symptom development is both direct
and mediated by combat exposure. IQ tests are employed by militaries to
help match individuals’ strengths and capabilities with the diverse de-
mands of different roles within the armed forces. This process aims to
optimize the distribution of talent, skills, and expertise among soldiers
to enhance the overall operational efficiency and mission success. The
current results indicate that IQ is also associated with risk/resilience to
PTSD symptoms and potential combat exposure. Military organizations
may thus consider approaching the use of IQ assessments with a more
holistic perspective, balancing operational considerations with consid-
erations of risk/resilience for PTSD development. In addition, the
revealed relations between IQ and combat exposure could incentivize
military systems to monitor and distribute the load of combat exposure
between soldiers, protecting those at greater risk for both combat
exposure and symptoms.
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