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Abstract

Objectives: Cognitive impairments are directly related to severity of symptoms and are a primary cause for
functional impairment. Intraindividual cognitive variability likely plays a role in both risk and resiliency from
symptoms. In fact, such cognitive variability may be an earlier marker of cognitive decline and emergent psychiatric
symptoms than traditional psychiatric or behavioral symptoms. Here, our objectives were to survey the literature
linking intraindividual cognitive variability, trauma, and dementia and to suggest a potential research agenda.

Design: A wide body of literature suggests that exposure to major stressors is associated with poorer cognitive
performance, with intraindividual cognitive variability in particular linked to the development of posttraumatic
stress disorder (PTSD) in the aftermath of severe trauma.

Measurements: In this narrative review, we survey the empirical studies to date that evaluate the connection
between intraindividual cognitive variability, PTSD, and pathological aging including dementia.

Results: The literature suggests that reaction time (RT) variability within an individual may predict future
cognitive impairment, including premature cognitive aging, and is significantly associated with PTSD symptoms.

Conclusions: Based on our findings, we argue that intraindividual RT variability may serve as a common
pathological indicator for trauma-related dementia risk and should be investigated in future studies.
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Advances in our understanding of how individual
domains related to successful aging and psychopa-
thology (e.g. cognition, negative emotional traits,
physical and emotional function) (Vahia et al., 2012)
may be interdependent have led to a rapidly growing
body of literature assessing whether and how cog-
nitive processes may serve as markers of psycho-
pathology. Simultaneously, newer approaches to data
collection over the life span (Thomas et al., 2016) and
analytics that allow mapping trajectories of cognition
and emotion (Thompson et al., 2013) are expanding
our understanding of changes in specific cognitive

markers and how they predict vulnerability to certain
stressors. One such prominent cognitive marker—
variability in attention and cognitive/executive control
within an individual, particularly with respect to
reaction time (RT)—has been widely studied in the
literature on cognitive aging (Hultsch et al., 2002;
MacDonald et al., 2011). In these studies, intrain-
dividual cognitive variability is often conceptualized
in terms of trial-to-trial variability in RTs and is
associated with cognitive instability (Fjell et al.,
2011), executive dysfunction (Chuah et al., 2006),
and mental noise (Ode et al., 2011). In the broader
neuropsychological literature, cognitive variability
has also been examined in reference to variability
in performance across a large test battery (dispersion),
either by tests or by factor domains. Additional sources
of variability include between-session variability
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(inconsistency), which can be calculated in alterna-
tive designs such as ecological momentary assess-
ment or measurement bursts, and between-persons
variability (diversity), which is not the primary focus
of this review (cf. Stawski et al., 2019).

Here, we review the literature on cognitive
variability based on RT tasks, believing that RT
variability is a low-cost, low-burden measurement
that can be readily calculated based on existing
data, allowing rapid progress in evaluating the
connection between this metric and outcomes based
on existing data. We use the terms “intraindividual
cognitive variability” or “cognitive variability” inter-
changeably when referring to the more general
umbrella construct of variability in cognitive perfor-
mance across seconds, minutes, or hours, and
“intraindividual RT variability” or “RT variability”
interchangeably when referring to the more specific
metric that can be derived from a single session of a
reaction time-based test.

RT variability has been linked to poorer cognitive
control, which is associatedwith impairments in areas
such as memory, attention, and emotional processes.
As individuals age, they tend to demonstrate more
variability in their cognitive performance. While it
is widely accepted that intraindividual cognitive
variability is related to the development of dementia
(e.g. Rubin et al., 1998), research has also sug-
gested that cognitive variability is related to the
development of posttraumatic stress disorder (PTSD)
(e.g. Elwood et al., 2009). Following traumatic
experiences, there is some evidence that individuals
show increased cognitive variability, as well as reduced
attention and reduced cognitive control (Bomyea
et al., 2012). Greater RT variability is common
following trauma exposure andmay be a risk factor
for PTSD (e.g. Swick et al., 2013). RT variability
has onlymore recently been examined in the context
of trauma, but may play a role in trauma and PTSD
symptomatology.

The intersection of cognitive aging and PTSD
has been scarcely discussed in the literature to date.
This specific gap is noteworthy, given the connection
betweenPTSD symptoms and premature senescence
(Lohr et al., 2015), as well as the societal cost and
prevalence of advanced cognitive aging (e.g. Hurd
et al., 2013). One study showed through Cox pro-
portional hazard models that patients with PTSD
are more than twice as likely to develop dementia
than those without PTSD (Yaffe et al., 2010). Here,
through our investigation of the cognitive aging and
cognitive components of the PTSD literature, we
synthesized the two fields of study and argue that
these fields can inform each other—intraindividual
cognitive variability may be the key.

In order to determine the importance of intrain-
dividual cognitive variability as a mechanism of risk,

we evaluated the existing literature on variability in
performance on objective measures of attention and
cognitive control in cognitive aging and PTSD. We
searched PubMed (1995–July 2019) using the fol-
lowing search terms: PTSD, trauma, aging, cognitive
aging, variability, cognitive control, executive control,
intraindividual coefficient of variation (ICV), dementia,
stability, RT, processing speed, response time, cognition,
neurocognition, cognit*, neurocog*, neuropsych*, and
combinations of these terms. We limited our search
to include only studies with human subjects, written
in English.We excluded studies that focused on head
trauma, concussions, and traumatic brain injury, as
we wanted to focus on psychological trauma more
specifically. Searches of “aging” and “variability”
returned approximately 1500 results, while searches
of “trauma” and “variability” retuned roughly 640.
When the search required aging, trauma, and vari-
ability, 17 results were returned, only one of which
were relevant to the topic of the paper, Fortenbaugh
et al. (2017). Because the literature in this area was
small, we broadened our search, incorporating
articles from areas that represented intersection
from across fields of study. We included all studies
that look at cognitive variability based on RT mea-
sures in aging and psychiatric samples of interest.
Ultimately, we identified 62 papers that we closely
reviewed.

Hypothesis

While the current literature in the field is limited,
our hypothesis is that intraindividual RT variability
can provide a simple, scalable measurement across
diagnoses where cognition is impaired. RT variability
is less invasive, less costly, and less time-intensive
since it can be calculated using existing test data.

Based on our research, we propose that intrain-
dividual RT variability could be related to PTSD
symptom trajectories in four distinct ways (see Fig. 1)
that each require further testing. Thus, after our
review of the literature on cognitive variability in
PTSD and aging, we present four potential models
for how trauma and PTSDmight be associated with
changes in RT variability, along with questions and
future directions for this literature. Should future
research determine that the intraindividual RT var-
iability metric is differentially related to symptoms of
PTSD, it could be used to serve several purposes:
(1) as a low-cost, low-burden screen for military,
police, or first responder recruits in regard to risk for
developing PTSD in response to subsequent trauma,
(2) as a low-cost, low-burden screen among indivi-
duals diagnosed with PTSD for risk of progressive
cognitive decline/dementia, (3) as biomarker that
tracks with subjective symptoms, and/or (4) to assist
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in treatment planning for individuals at various cog-
nitive levels or to guide treatment approach (e.g.
cognitive processing therapy vs. prolonged exposure
vs. a depression- or anxiety-focused therapy).

RT variability across the life span

There is a normative and steep increase in mean RT
with age starting in young to middle adulthood.
Therefore, measuring changes in average or mean
RT alone (without considering intraindividual RT
variability)may not provide enough information about
risk for psychological disorders (see Salthouse, 2007).
Intraindividual RT variability has been proposed as a
measure that is sensitive to an individual’s neurological
integrity, as increased fluctuations in performance
(higher variability) may be indicative of brain distur-
bance/dysfunction (e.g. Bielak et al., 2010; Hultsch
et al., 2002; Li and Lindenberger, 1999).

While RT variability occurs at all ages, it tends to
increase with age, especially in older adulthood.
Using cross-sectional data, researchers have deter-
mined that RT variability follows a U-shaped curve,
with highest RT variability in childhood and older
adulthood (Williams et al., 2005). Thus, the slope of

changes in RT variability becomes flat in middle
adulthood relative to RT variability increases that do
not arise until later adulthood, when other cognitive
performance issues emerge. Using longitudinal
data, researchers have shown that RT variability
continues to increase linearly from early adulthood
into late older adulthood, with one study showing an
increase from ages 70 to 102 years (Lövdén et al.,
2007), and another showing increases from ages 75
to 89 years (MacDonald et al., 2003). Table 1 pre-
sents highlights of the main RT variability papers
reviewed, beginning with studies on RT variability
in normal aging, progressing to studies of RT vari-
ability and pathological cognitive aging, and ending
with RT variability in psychiatric samples. Of note,
all but two of the studies (Vaughan et al. [2013] and
Kälin et al. [2014]) reviewed in Table 1 examined
RT variability specifically. Vaughan et al. (2013)
used a multidomain cognitive battery and calculated
intraindividual standard deviations across seven
tasks at baseline as their metric of variability. Kälin
et al. (2014) calculated the intraindividual standard
deviation of accuracy scores within and across cog-
nitive domains, controlling for age, education, cog-
nitive impairment (mild cognitive impairment
[MCI] and Alzheimer’s disease [AD]) status.

Figure 1. (A) Vulnerability hypothesis: y ¼ fðxÞ (without PTSD), y ¼ f xð Þ þ C (with PTSD); (B) Scar hypothesis: y ¼ f xð Þ (without PTSD),
y ¼ f xð Þ x < t

f xð Þ þ C x � t

�
(with PTSD); (C) Arousal hypothesis: y ¼ f x; að Þ, where a= current arousal (with and without PTSD); (D) Arousal

hypothesis: y ¼ f x; að Þ, where a = current arousal (with and without PTSD).
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Table 1. Overview of key cognitive variability studies

ARTICLE

POPULATION(S)
STUDIED N MEASURES

OPERATIONAL DEFINITION OF

COGNITIVE VARIABILITY STUDY DESIGN MAIN FINDINGS
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Normal aging
Bielak et al. (2010) Community-dwelling

older adults
212 Processing speed

tasks (RT and task
switching)

Across-trial intraindividual
standard deviation of RT
latency, controlled for age
and practice effects

Longitudinal Baseline inconsistency significantly
distinguished those who remained or
transitioned into cognitive impairment no
dementia (CIND), and those who were
consistently intact (stable intact vs. stable
CIND) over 5 years

Bunce
et al. (2004)

Young men (20–30
years old); older
men (60–85 years)

24; 24 Serial choice RT
tasks

Intraindividual standard
deviation of RT

Cross-sectional Inconsistency increases with age; attentional
lapses or fluctuations in executive control
contribute to RT inconsistency

Hultsch
et al. (2002)

Young adults (17–36
years); older adults
(54–94 years)

99; 763 Latency performance
from four
measures of RT

Standard deviation of
performance between
participants (diversity),
intraindividual standard
deviation across tasks
(dispersion) and time points
(inconsistency)

Cross-sectional Variability across persons (diversity),
variability across tasks (dispersion), and
variability within persons (inconsistency)
were all higher in older adults compared to
younger adults. Inconsistency correlated
negatively with processing speed, working
memory, episodic memory, and crystallized
abilities.

Lövdén
et al. (2007)

Berlin Aging Study
(13-year
longitudinal study)

447 Perceptual speed;
ideational fluency
(category fluency)

Intraindividual coefficient
of variation (standard
deviation/mean) of RT on
perceptual speed task

Longitudinal Higher trial-to-trial variability preceded and
predicted cognitive decline in perceptual
speed and ideational fluency

Lu et al. (2016) Community-dwelling
older adults

137 Neuropsychological
battery; RT-based
test

Intraindividual coefficient
of variation (ICV)
(standard deviation/mean)
of RT

Cross-sectional Advancing age associated with declined
cognitive function and increased variability;
ICV-RT significant predictor of Montreal
Cognitive Assessment—Hong Kong version

MacDonald
et al. (2003)

Victoria Longitudinal
Study, older adults
(54–89 years)

446 Four RT tasks
(simple RT, choice
RT, lexical
decision, and
semantic decision)

Intraindividual standard
deviations of RT,
controlled for age, gender,
trial, assessment occasion,
and interactions of
these factors

Longitudinal Associations between (1) inconsistency at
baseline and 6-year change in cognitive
performance, (2) longitudinal change in
inconsistency, and (3) intraindividual
covariation between 6-year change in
inconsistency and 6-year change in
cognitive function

Salthouse (2007) Adults aged 18–97
years, across three
studies

90; 1600;
51

Sixteen cognitive
tests in three
sessions within ~2
weeks

Intraindividual standard
deviation of performance
on cognitive tests (including
vocabulary, reasoning, memory,
and processing speed tasks)
across three sessions

Cross-sectional Considerable within-person variability in
many cognitive and neuropsychological
variables; large individual differences in the
magnitude of variability; single
measurements may be insufficient for
precise evaluations
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Table 1. Continued

ARTICLE

POPULATION(S)
STUDIED N MEASURES

OPERATIONAL DEFINITION OF

COGNITIVE VARIABILITY STUDY DESIGN MAIN FINDINGS
............................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

Mild cognitive impairment/dementia
Vaughan

et al. (2013)
Older adult women 2305 Multidomain

cognitive battery
Standard deviation among

seven cognitive tests
(vocabulary, visual short-term
memory, verbal memory,
forward and backward
digit span, spatial ability, and
verbal fluency)

Longitudinal Baseline intraindividual standard deviation
across tests predicted probable dementia.
Within-person variability across cognitive
domains at baseline and longitudinally
independently account for risk of cognitive
impairment and dementia

Hultsch
et al. (2000)

Healthy control
subjects; adults
with arthritis;
adults with mild
dementia

45 Two basic RT tasks
and two complex
recognition
memory tests

Intraindividual standard
deviation and coefficient of
variation (ICV) (SD/mean)
of RT and accuracy, across
trials and across assessments

Longitudinal Mild dementia group showed higher IIV in
latency regardless of health status.
Individual differences in variability were
stable over time and across cognitive
domains; ICV uniquely predictive of
neurological status

Kälin et al. (2014) Healthy control
subjects (HCS);
MCI; AD

149; 31;
26

Digit Span Forward,
Word list
Learning, Category
Fluency, Letter
Fluency, Stroop
Trial, Five-Point
Test

Intraindividual standard
deviation (IIV) of accuracy
scores (controlled for age,
education, gender, and
MCI/AD status) within and
across domains

Cross-sectional IIV higher in AD versus HCS; across-domain
IIV higher in AD versus MCI; within-
domain IIV higher in MCI versus HCS

Psychiatric Samples
Swick et al. (2013) Veterans with

PTSD*; control
veterans without
PTSD (*diagnosed
via semi-structured
interview)

45; 34 Go/NoGo task Intraindividual coefficient of
variation (SD/mean) of RT
on correct Go trials in
Go/NoGo task

Cross-sectional PTSD patients had significantly greater RT
variability; RT variability highly correlated
with self-reported symptoms of PTSD,
depression, and attentional impulsiveness;
variability predicted PTSD diagnosis even
when controlling for PTSD symptom
severity

Kaiser et al. (2008) Adults with
schizophrenia,
depression, and
borderline
personality
disorder

27; 22;
16

Go/NoGo;
modification of the
standard auditory
oddball paradigm

electroencephalogram
(EEG)

Intraindividual standard
deviation and intraindividual
coefficient of variation (IIV)
(SD/mean) on Go and
NoGo tasks

Cross-sectional Strong association between intraindividual RT
variability (IIV) and accuracy; IIV increased
in schizophrenia; correcting for differences
in mean RT, depressive and borderline
patients also showed increased IIV
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Dementia is associated with poorer cognitive

performance and high cognitive variability

High cognitive variability may predict onset of
dementia, especially when considering the type of
cognitive task that is used to calculate it. A study
from Bielak and colleagues (2010) posits that RT
variability is higher when an individual is performing
tasks with high cognitive demand compared to when
performing simple cognitive tasks, and thus, those
high-demand cognitive tasks may be most sensitive
to differences in the integrity of the neurological
system and subtle age-related changes (see also
Strauss et al., 2002). Inconsistency, which these
authors defined as across-trial intraindividual stan-
dard deviation of RT latency, is related to longitu-
dinal cognitive performance and may be a stronger
statistical predictor of domains that rely on fluid
abilities compared to those relying on crystalized
abilities (Bielak et al., 2010; Bunce et al., 2004).

High RT variability is a behavioral manifestation
of degree of neurological integrity and may be an
early marker of changes in cognitive performance
(Hultsch et al., 2000; Lövdén et al., 2007). In a
cross-sectional study by Lu and colleagues (2016),
intraindividual RT variability across three types of
Flanker tasks was negatively correlated with Mon-
treal Cognitive Assessment (MoCA)—Hong Kong
version scores. Additionally, increased RT variabil-
ity was a significant statistical predictor of MoCA
score and was consistently associated with age-
related decline (Lu et al., 2016). Intraindividual
variability (IIV) across cognitive tasks may be a
potential marker for prodromal AD (Kälin et al.,
2014) or at least MCI (MacDonald et al., 2009).
Across domains of cognitive functioning, cognitive
variability within an individual was higher in AD
patients compared to those with MCI, and only
within-domain cognitive variability was higher in
MCI compared to healthy control subjects (Kälin
et al., 2014). Kälin and colleagues (2014) suggest
that within-domain IIV may constitute a cognitive
marker for detecting prodromal AD at the MCI
stage, while across-domain cognitive variability
may detect beginning AD in theMCI stage. In other
words, within-domain cognitive variability taps into
cognitive control functions more closely and was
increased in both AD and MCI compared to health
control subjects, appearing to constitute a marker
for detection of prodromal AD at the MCI stage.
Across-domain cognitive variability, tapping less
into cognitive control functions, was increased in
AD compared to MCI and healthy control subjects,
indicating incipient dementia and distinguishing
AD from theMCI stage (Kälin et al., 2014). Indeed,
other research has also suggested that high cognitive
variability in domain-specific cognition is related to

risk of MCI and dementia (Vaughan et al., 2013),
offering additional support to the idea that variability
within a person has predictive utility.

Another cross-sectional study from Troyer and
colleagues (2016) compared IIV onmemory tasks in
a group of 24 individuals with mild amnestic MCI
and 21matched controls and found elevations in IIV
in the MCI group. Elevated IIV was a unique
statistical predictor of group membership when
examining other variables including speed and accu-
racy, congruent with the idea that cognitive variabil-
ity may reflect disturbance in neural networks such
as medial temporal regions and frontal systems (e.g.
MacDonald et al., 2009; Troyer et al., 2016). The
difficulty in discriminating dementia from norma-
tive cognitive aging and the notion that preclinical
markers of AD can be present long before appear-
ance of clinical symptoms (e.g. Bäckman et al.,
2005; Grober et al., 2008) suggest the need for
further research on RT variability as a potential
indicator for pathological aging.

PTSD is associated with poorer cognitive

performance and high cognitive variability

While studies on cognitive aging and investigations
of cognitive performance in individuals with PTSD
are typically not connected in the literature, these
populations show similar deficits in cognitive vari-
ability. In addition to the normative increase in RT
variability that occurs with age and the amplified
variability in MCI and AD, research has begun to
investigate variability as a marker for PTSD. For
many years, clinicians and researchers have known
that cognitive deficits are both a risk factor and a
consequence for PTSD (Vasterling and Brailey,
2005). In military samples, even after accounting
for traumatic brain injuries during deployment, de-
clines in speed of information processing, sustained
attention, and episodic memory are significantly
associated with PTSD symptoms (Vasterling
et al., 2006, 2012). Some cognitive models of
PTSD propose that an individual exposed to trauma
develops PTSD because they have inadequate cog-
nitive resources to manage the trauma and engage in
maladaptive cognitive strategies to cope (Ehlers &
Clark, 2000). Indeed, other studies have demon-
strated specific cognitive deficits in PTSD, includ-
ing deficits in inhibitory control (Aupperle et al.,
2012). Cognitive variability may be of particular
importance in PTSD, where certain aspects of cog-
nitive functioning are impacted by traumatic
memories.

A high level of RT variability has been linked with
more severe self-reported PTSD and depression
symptoms (Swick et al., 2013). Multiple theories
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have been proposed for why PTSD is associatedwith
higher RT variability. More frequent “mind wan-
dering” during cognitive tasks has been connected
with dysphoria and worry in undergraduate samples
(Smallwood et al., 2009). Furthermore, the deficits
in top-down cognitive processes that result in higher
RT variability may contribute to the maintenance of
PTSD symptomatology (Swick et al., 2013), including
reexperiencing symptoms (Vasterling et al., 2009).

In a study of cognition in veterans, Swick et al.
(2013) compared 45 veterans with PTSD to 34 con-
trol veterans on a Go/NoGo motor inhibition task.
They found that combat veterans with PTSD had
more variable RTs, and RT variability was correlated
with more severe self-reported PTSD and depression
symptoms. Interestingly, higher RT variability was not
significantly connected to higher levels of impulsivity
(Swick et al., 2013). Moreover, while prior studies
have shown that patients with depression, borderline
personality disorder, and schizophrenia all have
greater cognitive variability than healthy controls
(van den Bosch et al.,1996; Vinogradov et al.,
1998; Kaiser et al., 2008); this study was the first
to show that PTSD patients showed significantly
greater RT variability than control veterans on both
easy and difficult tasks of cognitive control, although
they showed relatively greater impairment on the
harder tasks, where cognitive control is particularly
important (Swick et al., 2013). Variability in cogni-
tive control may be especially predictive of PTSD, as
it engages multiple brain systems related to PTSD
symptomatology. These results support a more gen-
eral cognitive control disruption in PTSD, consis-
tent with the notion of Vasterling and Verfallie
(2009) that top-down cognitive control processes
are needed to maintain consistent performance,
which may contribute to high presence of PTSD.

In a review of attentional processes in PTSD,
Block and Liberzon (2016) discuss howmeasures of
within-individual cognitive variability may be amore
distinguishing marker of attentional impairment
than measures of central tendency, consistent with
other newer research (Coghill et al., 2014; Vaurio
et al., 2009). These authors also note that failure to
suppress task-irrelevant distractors (e.g. external—
loud noise, or internal—intrusive thought) could
result in higher cognitive variability due to taxing
and alerting the orienting systems and conflict mon-
itoring system.Cognitive variability has already been
established as a marker of attention-deficit hyperac-
tivity disorder (ADHD) (Vaurio et al., 2009). A
recent meta-analysis determined that the relative
risk of PTSD in ADHD was 2.9, and the relative
risk for ADHD in PTSD was 1.7, suggesting a
bidirectional association between ADHD and
PTSD (Spencer et al., 2016). This work supports
the movement toward examining cognitive variability

as an endophenotype (Block and Liberzon 2016;
Vaurio et al., 2009).

PTSD is associated with increased risk for

dementia

In addition to the increased RT variability that
comes with age and increased RT variability that
has been demonstrated in PTSD, there is likely an
interaction between aging and trauma, which was of
particular interest for this review. While more cog-
nitive variability in older adults’ performance com-
pared to younger adults’ performance has been
repeatedly demonstrated (Christensen, 2001; Lu-
pien et al., 2007), without age-corrected norms, it is
challenging to separate normal cognitive aging ver-
sus PTSD.

There is notable overlap between late-life cogni-
tive disorders and PTSD: PTSD is associated with
increased risk for dementia (Yaffe et al., 2010) and
accelerated cognitive aging (Golier et al., 2006; Lapp
et al., 2011). A review by Lohr and colleagues’
suggests that PTSD is associated with premature
senescence. Moreover, based on this review, 7 of 10
studies indicated that PTSD is associated with ear-
lier mortality and increased medical comorbidity
(Lohr et al., 2015), which highlights the importance
of early detection and intervention. Early detection
is a key component of receiving treatment at pivotal
times over the course of illness, both for dementia
and PTSD.

In a published case series of three patients aged
57 to 70 years old, PTSD was associated with
cognitive decline, suggesting that neurodegenera-
tion of memory pathways may be related to worsen-
ing of PTSD symptoms (Mittal et al., 2001). Based
on a meta-analysis of cognitive functioning in older
adults with PTSD (Schuitevoeder et al., 2013),
those with PTSD perform worse across cognitive
measures relative to older samples without PTSD.
The strongest effects have been demonstrated in the
domain of memory, and these authors recommend
further evaluation of older adults with PTSD in the
domains of processing speed, learning, and execu-
tive functioning (Schuitevoeder et al., 2013). Amore
recent study demonstrated a connection between
age and performance on an Emotional Stroop Task
in adults diagnosed with PTSD (Bielecki et al.,
2017). Based on this study, age served as a modera-
tor for performance such that the older group
showed no increase in RTs compared to the younger
group. To our knowledge, no studies have directly
comparedRT variability scores in older and younger
adults with PTSD. As suggested by Schuitevoeder
and colleagues (2013), there is a need to compare
age-matched younger samples to older samples with
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PTSD to identify the unique contributions of age on
PTSD. Comparisons with younger samples may be
confounded by chronicity of PTSD. Another prob-
lem with the literature to date is that women and
racial minorities are underrepresented (Schuitevoe-
der et al., 2013; Weintraub and Ruskin, 1999).

Unanswered questions

Currently, there are no specific cognitive biomarkers
of PTSD that can be extracted from the literature.
PTSD disease biomarkers, as outlined by Schmidt
et al. (2015), include hypothalamic pituitary adrenal
axis dysregulation, hyperdrive of sympathetic adre-
nomedullary system, exaggerated startle response,
and impaired cognitive function. Variability (or sta-
bility) of cognitive performance has not been explic-
itly tested in many studies and may be a tool that
saves time, effort, and money, as it provides almost
immediate results with a brief RT task, does not
require brain imaging data, and can be calculated
based on existing data and cognitive tasks that are
already being used.

As summarized here, previous literature has sug-
gested that PTSD is related to greater intraindivi-
dual cognitive variability. In Fig. 1, we present four
potential models for how trauma and PTSD might
be associated with changes in intraindividual RT
variability. Each model has distinct implications for
understanding the pathophysiological mechanisms
of cognitive dysfunction in PTSD. First (a), the
“vulnerability hypothesis” suggests that intraindivi-
dual RT variability is higher in individuals who are at
risk of developing PTSD and experiencing a trau-
matic event does not uniquely enhance that risk.
Confirmation of such a hypothesis would indicate
that higher variability is a contributing cause of
PTSD and therefore might be used to identify in-
dividuals at risk of developing PTSD after trauma
exposure. Second (b), the “scar hypothesis” states
that experiencing a traumatic event(s) can cause
neurological or psychological changes that increase
intraindividual RT variability. In this case, higher
intraindividual RT variability is an effect of trauma
exposure, and differences in cognitive variability
might be used an indicator of the impact of trauma
on cognitive information processing. Third (c), the
“arousal hypothesis” posits that intraindividual RT
variability is a side effect of increases in affective and
psychological arousal, which occur after trauma. In
other words, heightened arousal might increase cog-
nitive variability and further contribute to cognitive
dysfunction. If this were the case, we would expect
intraindividual RT variability to be higher among
individuals with PTSD at testing time points when
arousal is heightened and change over time with

arousal. Interventions that address hyperarousal in
PTSD would then also be expected to reduce in-
traindividual RT variability. Lastly (d), the “neuro-
degeneration hypothesis” posits that experiencing
trauma might lead to a neurodegenerative process
that increases intraindividual RT variability over
time, putting the individual at greater risk for accel-
erated aging and related problems as a result of their
trauma. Here, one would expect increases in in-
traindividual RT variability that emerges over time
following the experience of trauma, with minimal
differences immediately following trauma. Indeed,
intraindividual RT variability might provide a lon-
gitudinal indicator for trauma-related dementia risk.
However, the specificity, positive predictive value,
and negative predictive value of RT variability as a
metric of trauma-related dementia are untested.
Distinguishing between these hypotheses would
require careful prospective study designs and pro-
vide potentially important insights into the mechan-
isms that underlie cognitive dysfunction and
pathological aging in PTSD. Of note, a significant
limitation of our proposed hypotheses is our failure
to account for psychiatric and medical comorbid-
ities, which are common in PTSD (Brady et al.,
2000). Additionally, we did not review the literature
on traumatic brain injury in our study, despite its
known association with PTSD and increased neuro-
psychological intraindividual variability (Merritt
et al., 2018), as we wanted to focus on psychological
trauma and not traumatic brain injury (TBI).
Despite these limitations, the notion of determining
the mechanisms that connect trauma, cognitive var-
iability, and PTSD could eventually contribute to
improvements in the treatment of this disorder and
its cognitive consequences over the life span.

Conclusions and recommendations

Based on our review of the literature, given that: (1)
dementia is associated with poorer cognitive perfor-
mance and higher cognitive variability, which pre-
dicts cognitive decline (e.g. Lövdén et al., 2007), (2)
PTSD is associated with poorer cognitive perfor-
mance and high RT variability (Swick et al., 2013),
and (3) PTSD is associated with increased risk for
dementia (e.g. Yaffe et al., 2010), we recommend
that future studies examine intraindividual RT var-
iability as a potential cognitive biomarker for both
PTSD and dementia. Prior studies have shown that
scores on executive functioning tests can be used as
a predictor over the course of treatment and can help
providers identify those with delayed response or
higher risk of relapse (Polak et al., 2012). Early
detection of executive dysfunction via a short test
of processing speed and calculation of RT variability
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may allow for more specific and early treatment and
prevention of adverse outcomes, such as cognitive
and functional decline.

Identifying individuals who are at the highest risk
for subsequent dementia after trauma is challenging.
Using intraindividual RT variability measures may
be an inexpensive and rapid method for identifica-
tion of those at highest risk. If high RT variability is
indeed an indicator of risk for PTSD and cognitive
decline, this would help with developing prophylactic
interventions, via identifying those who have the
highest need of therapeutic intervention post-trauma
exposure (see Bomyea et al., 2012). Thus, RT vari-
ability may be especially important given the push
toward more individualized care through using basic
and clinical science (Stuss, 2017). Given the ease of
measurement of RT variability, with frequent and
rapid assessments, testing this hypothesis is feasible
for future researchers andmay yield important results
with the potential to change the way we view the
connection between cognition and psychiatric
symptoms.
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