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The Effects of Stress on Prospective Memory: A Systematic Review

Martina Piefke and Katharina Glienke
Witten/Herdecke University

Prospective memory (PM) refers to mnemonic processes, which are directed to the
future. It has been subdivided into different stages of processing: the planning, reten-
tion, performance, and evaluation phase. Moreover, PM can be time- or event-based. It
is well known that retrospective memory (RM) can be affected by stress as seen in
patients with posttraumatic stress disorder (PTSD). However, data on the effects of
stress on PM are rare. In this review, available behavioral studies of PM are reviewed
with respect to its vulnerability to stress. Based on the available data, we suggest that
stress may have enhancing or disturbing effects on PM, depending on (a) the stressor
characteristics, (b) whether PM is time- or event-based, and (c) which phase of
processing is affected. Studies in healthy adults indicate rather an increase of PM in
response to acute stress (average effect size of d = .10). In contrast, studies in PTSD
patients found a deteriorating effect of the disorder on PM performance (average effect
size of d = —.58). We discuss the putative clinical relevance of a better knowledge of
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the relationship between stress and PM for the diagnosis and therapy of PTSD.
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Stress and its influence on cognitive perfor-
mance and psychological health has become a
central issue in the last decades. Acute and
chronic stress is known to be associated with
arange of cognitive disabilities and mental as
well as somatoform disorders. This has been
shown by numerous studies in particular for
explicit retrospective memory (RM) and in
patients with posttraumatic stress disorder
(PTSD; for review see Het, Ramlow, & Wolf,
2005; Lupien, Maheu, Tu, Fiocco, & Sch-
ramek, 2007; Wingenfeld & Wolf, 2015;
Wolf, 2009). The present review addresses
studies that are concerned with the issue of
stress influences on prospective memory
(PM), that is, future-directed memory. Al-
though PM functions play a key role in our
everyday life (e.g., we daily have to plan
actions, events, or meetings, try to realize
intentions, and bring them into action), data
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on the modulation of PM are still rare. The
focus of the review lies on the effects of stress
on PM of heathy human subjects, but also
includes the available data on PM in clinical
samples. Several psychological disorders
(e.g., anxiety disorders and affective disor-
ders such as major depression) are known to
be associated with an aberrant psychobiol og-
ical stress response (Y ehuda, 2002; Y ehuda,
Teicher, Trestman, Levengood, & Siever,
1996). However, in this review we only refer
to PTSD since the disorder (a) results from
the influence of acute stress and (b) has ob-
tained the role of a paradigmatic model in
psychobiological research on the influence of
stress on brain functions and behavior. Given
the extended knowledge about the influences
of stress on RM, we also refer in the Discus-
sion to data on the influence of RM, where
they are needed to understand the modulation
of PM by stress. Since everyday life demands
are strongly based on PM functions, we pro-
pose that a better knowledge about the mod-
ulation of PM by stress may be of high rele-
vance for the scientific and practical
evaluation of stress influences on cognitive
functions and psychological health. We as-
sume that PM is comparably vulnerable to
acute stress as RM. In particular, we hypoth-
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esize that acute stress may have enhancing or
disturbing effects on PM in healthy adults and
patients with PTSD depending on (Hypothe-
sis 1) the stressor characteristics, (Hypothesis
2) whether PM is time- or event-based, and
(Hypothesis 3) which phase of PM processing
is directly affected by the stressor. Before
presenting the results of our review, we pro-
vide relevant information on the current
knowledge of the psychobiological stress re-
sponse and the neuropsychological concept of
PM. We then present the results of our sys-
tematic review including effect sizes where
possible. Based on these results, we discuss
enhancing and disturbing modulatory effects
of stress on PM and their putative clinical
relevance for the diagnosis and therapy of
PTSD.

The Biological Stress Reaction

The stress reaction can be conceptualized as
the adaptive response of an organism aiming
a the reinstantiation of homeostasis (Cannon,
1929; Goldstein & Kopin, 2007; Goldstein &
McEwen, 2002). This adaptive response is
physiologically based on two functionaly dis-
tinct stress axes. These are the sympathetic-
adrenal-medullary-system (SAM) and the hypo-
thalamic-pituitary-adrenal axis HPA system
(eg., de Kloet, Joéls, & Holsboer, 2005). Al-
though the SAM and the HPA systems work
paralel after the confrontation with a stressor,
the two systems differ from each other with
respect to the progress and speed of processing,
as well as their biologica influences on the
organism. The SAM system isreferred to as the
fast stress axis, which allows within a few sec-
onds for the release of epinephrine from chro-
maffin cells. It builds up the basis for the “flight
and fight reaction.” The HPA axis has a slower
stress response. In response to stress exposure
the hypothalamus produces corticotrophin-
releasing factor (CRF), which in turn stimulates
the pituitary gland to release adrenocorticotro-
pin (ACTH; Holsboer & Ising, 2010). ACTH
stimulates the synthesis of the glucocorticoid
cortisol from the adrenal gland. Via a negative
feedback loop into the central nervous system,
cortisol mainly contributes to the regulation of
the stress response (Kirschbaum & Hellham-
mer, 1994).
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The Concept of PM

PM refers to mnemonic processes, which are
directed to the future. These include the plan-
ning, the maintenance (i.e., retention), and the
performance (i.e., realization; execution) of de-
ferred intentions (Brandimonte, Einstein, &
McDaniel, 1996; Ellis, 1996; McDaniel & Ein-
stein, 2007; Simons, Scholvinck, Gilbert, Frith,
& Burgess, 2006). Accordingly, PM has been
subdivided into differential consecutive stages
of processing. These are (a) the planning phase,
(b) the retention interval, and (c) the perfor-
mance phase (Ellis, 1996; see Figure 1). Brandi-
monte et a. (1996) proposed that the planning
phase is the first stage of PM, which comprises
the formation and encoding of future-directed
intentions and plans. The following retention
interval is conceptualized as a delay between
planning and performance of intentions. During
this interval, intended actions are maintained
and postponed to a future point in time. The
retention interval isthe critical phase during PM
since intentions and plans need to be protected
against interference (Brandimonte et al., 1996;
Brandimonte, Ferrante, Feresin, & Delbello,
2001). In cases where the retention of an in-
tended action is successful, the performance
phase of PM may follow. During the perfor-
mance phase an action, which had been planned
earlier, is retrieved, initiated, and put into ac-
tion. However, Brandimonte et a. (1996) pro-
posed a further stage of PM, during which the
evauation of planning, maintaining, and exe-
cuting an action as well as the result of the
action occurs. According to this point of view,
PM aways includes the recapitulation of mne-
monic subprocesses and the evaluation of re-
sults from actions, which had been planned and
executed earlier.

Note, PM does not need to be successful (see
Figure 1). The action executed during the per-
formance phase may be remembered incorrectly
such that it can be completely or at least par-
tially wrong. Importantly, the executed action
can be wrong with respect to diverse aspects.
These are mainly the time point of initiation, the
content and structure of the action, the planned
order of actions, or a combination thereof.

Besides the differential stages of PM process-
ing, event- and time-based PM have been dis-
tinguished (Brandimonte et al., 1996; Einstein
& McDaniel, 1990; Kliegel, Martin, McDanidl,
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1. Planning

« Formation of intentions

= Planning of actions to be performed
«  Determine retrieval criterion
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2. Retention

Encoded information is hold in memory
Stable across distracting activities

3. Performance

a. Retrieval
Recognition of retrieval criterion
Implementation of intentions
b. Execution
Implementation of actions

Behavioral
adaption
4. Evaluation
Recruitment of the reward system for
evaluation of planning, maintaining, and ~—— *°
executing an action 2
Figure 1. The different successive phases of PM and their functional specificity. It islikely

that the effect of stress on PM depends on the time point of stress induction. Stress induction
before the planning, the retention, or the performance phase may differentially enhance or
compromise actual PM performance. In the case that stress is induced only before the
evaluation phase, the effect will mainly be observed in future situations with PM demands.

& Einstein, 2001). According to this distinction,
event- and time-based PM are considered to
represent two different forms of PM, which are
based on differential cognitive (e.g., Kliegel et
a., 2001) and neurofunctional processes (e.g.,
Cheng, Wang, Xi, Niu, & Fu, 2008; Okuda et
al., 2007). Event-based PM is supposed to depend
mainly on external cues. Based on this assump-
tion, a specific event acts as the reminder for the
performance of an action planned earlier. For ex-
ample, the planning and realization of the intake
of medicine after lunch relies on event-based
PM processes. In contrast, time-based PM is
assumed to possess only a weak dependence
from external cues. Rather, it is based on a
priori planned time points and/or time periods.
The planning and realization of the intake of
medicine at 12 am. is an example for time-
based PM processes. The differentiation be-
tween event- and time-based PM is supported
by the findings of neuroimaging studies of
Okuda et al. (2007) and Cheng et al. (2008).
The authors concordantly reported differential
frontal brain regionsto be either associated with
time- or event-based PM. In particular, they
found that the right superior frontal gyrus, the
anterior medial frontal lobe, and the anterior
cingulate gyrus involved time-based PM pro-
cesses. In contrast, the left superior frontal
gyrus was associated with the processing of

event-based PM. Note, however, that on the
behavioral level in everyday life the distinction
between time- and event-based PM may some-
times be difficult due to the frequent entangle-
ment of the two forms of PM. For example,
time-based PM may sometimes also be trig-
gered by external cues (i.e., events) such as the
alarm of a clock.

For an ongoing PM task paradigm, underly-
ing cognitive strategies for PM have been mod-
eled in a “multiprocess framework” (McDaniel
& Einstein, 2000). The multiprocess framework
supposes two cognitive strategies of PM. These
are either strategic monitoring or spontaneous
retrieval. Strategic monitoring describes a
mainly top-down controlled memory process,
which holds the intention active in mind and
scans the environment for the “PM cue” (e.g.,
the cue that elicits the execution of an intention;
i.e., Guynn, 2003). Spontaneous retrieval means
that the retrieval of an intention is triggered
spontaneous by a PM cue (McDaniel & Ein-
stein, 2000). In consequence, spontaneous re-
trieval ismainly associated with bottom-up pro-
cesses (Cona, Scarpazza, Sartori, Moscovitch,
& Bisiacchi, 2015; McDaniel & Einstein, 2000;
Scullin, McDaniel, & Shelton, 2013). Scullin et
al. (2013) modified the multiprocess framework
by introducing a dynamic component. Thus, in
ongoing experimental tasks the underlying PM
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strategies were either strategic monitoring or
spontaneous retrieval but in the modified frame-
work the processes are understood dynamically
depending on the context.

Although there is evidence that PM is
strongly associated with executive functions,
working memory (WM), and RM (e.g., Addis,
Wong, & Schacter, 2007; Schacter, Addis, &
Buckner, 2007), it is widely accepted as a dis-
tinct cognitive function (Graf & Uttl, 2001).
This view is supported for example by clinical
studies in neurological patients, which demon-
strated selective disturbances of PM in the pres-
ence of relatively intact executive and memory
functions (West, McNerney, & Krauss, 2007).

Stress and Memory Processing in Patients
With PTSD

A classic clinical explanatory model for the
formation of psychological disordersis the dia-
thesis—stress model (Zubin & Spring, 1977).
The model assumes that a psychological disor-
der is the result of a combination of acute or
chronic stress that is appraised as athreat, and a
person’s predisposition for the development of
a psychological disease (Lazarus & Folkman,
1984). According to this account, stress plays a
critical role in the genesis—and most likely also
for the maintenance—of psychological disor-
ders. In this context a differentiation between
acute and chronic stress needs to be considered.
Acute stress may be caused by threats of the
recent past or expected demands in the recent
future. In patients with Posttraumatic stress dis-
order (PTSD), the acute physiological stress
response is mainly characterized by diminished
levels of cortisol (i.e., Elzinga et a., 2008;
Mason, 1968; Y ehudaet a., 1996) caused by an
acute and traumatic stress situation. Normally,
when being confronted with a stressor, a high
release of cortisol occurs in the organism. Cor-
tisol then inhibits the neura structures, which
areinvolved in the regulation of cortisol release
(in particular the hypothalamus and the pituitary
gland). This functional circuit isreferred to asa
negative feedback loop. It has been suggested
that this negative feedback loop isinterrupted in
patients with PTSD, and that this is due to the
low basal cortisol level associated with the dis-
order (Yehuda, 2002). Interestingly, studies us-
ing the dexamethasone suppression test (DST)
demonstrated a normal function of the negative
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feedback loop as well as the HPA axis in pa-
tients with PTSD (Yehuda, 2002). The DST
alows for the investigation of the physiological
stress response by the application of alow dose
of a synthetic cortisol (dexamethasone). The
data thus suggest that patients with PTSD have
an intact negative feedback loop and HPA axis,
but that the organism is unable to activate the
functional circuit of the HPA axis autono-
mously (Y ehuda, 2002).

Chronic stress may result from sustained ex-
posure to stressors and/or from a single expo-
sure to uncontrollable acute traumatic stress.
While acute everyday stress can normally be
managed without negative influences on a per-
son’s health, chronic stress frequently leads to
aberrations of the physiological stress response
and associated psychological disorders such as
PTSD (Miller, Chen, & Zhou, 2007). It islikely
that alterations of the slow HPA axisrather than
deviant responses of the SAM system are rele-
vant in PTSD since the regulating function of
the negative feedback loop by cortisol is more
related to the HPA axis than the SAM system
(Yehuda et al., 1996). PTSD is well known to
be accompanied by cognitive and affective dis-
turbances, in particular in the memory domain.
It is therefore likely that PM processing is also
affected in patients with PTSD.

Method

According to the aims of the review we had
six main inclusion criteria and four main exclu-
sion criteria for relevant studies.

Inclusion criteria:

(1) For healthy adults only studies that refer to PM were
included into this review. However, since clinical
studies on PM are very rare and studies found a
significant association between PM and episodic fu-
ture memory (i.e., Terrett et a., 2015), for studies
with PTSD patients we also included studies that
relied on episodic future memory.

(2) Only studies of adults were included. Studies on chil-
dren were excluded from this review since develop-
mental aspects of the biological stress reaction in
children (Elmlinger, Kiihnel, & Ranke, 2002; Kud-
ielka, Buske-Kirschbaum, Hellhammer, & Kirsch-
baum, 2004) and their relevance to the influence of
stress on PM would be a topic of a separate review.

(3) For studies that report a psychoendocrinological
marker, we review only published data concerning the
stress hormone cortisol. Although there is evidence
that other hormones and neurotransmitters (e.g., en-
dorphins and epinephrine; i.e., Cahill & Alkire, 2003)
may also play crucid roles in the psychoendocrino-
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logical processing of stress, cortisol isknown to be the
key player inthebiological stress response. Cortisol is
also well known to affect memory functions, due to
the wide distribution of cortisol binding glucocorti-
coid receptors (GC-receptors) to neural substrates that
are associated with memory functions in the brain
(i.e., Dedovic, Duchesne, Andrews, Engert, & Pruess-
ner, 2009; Lupien et a., 2007; Wingenfeld & Wolf,
2015; Wolf, 2009). Moreover, cortisol is the stress
modulator that has most intensely been investigated to
date. Studies on other neuromodulators involved in
the processing of stress are only referred to in cases
where there are relevant for the understanding of
cortisol functions in psychoneuroendocrinological re-
Sponses to acute stress.

(4) Only studies of patients with PTSD were included in
the review. PTSD has become a paradigmatic model
of chronic alterations of the HPA axis and their influ-
ences on PM performance. Typicaly, patients with
PTSD show consistently reduced cortisol levels
caused by a dysfunction of the HPA axis (i.e.Y ehuda,
2002, 2006; Yehuda et al., 1996). The picture of
alterations of the HPA axis in PTSD patients (com-
pared to other psychiatric disorders) is consistent (i.e.,
Meewisse, Reitsma, de Vries, Gersons, & OIff, 2007,
Peeters, Nicolson, & Berkhof, 2004; Yehuda et al.,
1996).

(5) All studies of patients with PTSD included to this
review were controlled clinical trias.

(6) The patients investigated in the studies did not have
confounding comorbid disorders other than depres-
sion such as, for example, personality disorders.

Exclusion criteria:
Studies were excluded when:

(1) they exclusively used indirect memory measures (e.g.,
electroencephal ography without behavioral data);

(2) they administered synthetic glucocorticoids (e.g., dexa-
methasone) or included participants who received phar-
macological trestment;

(3) they included patients with comorbid disorders other
than depression (e.g., borderline persondity disorder,
psychotic disorders etc.);

(4) participants of the study met criteria for traumatic brain
injury.

Literature Research

Keywords that were used in the systematic
bibliographic research were prospective mem-
ory, future memory, planning phase, retention
phase, retrieval phase, execution phase, imple-
mentation of intentions, retrospective memory,
consolidation, retrieval, stress, cortisol, post-
traumatic stress disorder, PTSD, monitoring,
spontaneous retrieval and combinations there-
of. The databases used for literature research
were PubMed, PsycINFO, PubPsych, and
Google Scholar. Publication years included in
the bibliographic research ranged from 2005 to
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2016. For studies on the influence of stress on
PM in healthy adults, bibliographic research
ranged from 2005 to 2016, and from 2013 to
2016 for studies on PM in patients with PTSD.
Literature research took place from October
2015 until December 2016. The review does not
require an ethical approval.

Calculation of Effect Sizes

Effect sizes were calculated for overal PM
performance and for time- and event-based PM
separately. Our analysis of effect sizesrelied on
Hedges' g (Gnedges): Which describes the differ-
ence of means of an experimental group and a
control group standardized by a pooled standard
deviation (SD; Hedges & Olkin, 1985). Positive
Ohedges INdicate better, negative gy eqqes indicate
deteriorating PM in response to stress. As sug-
gested by Cohen (1988), an effect size of .20
was classified as small, .50 as moderate, and .80
as large. Where available, calculations of effect
sizes were based on means and SD of means. To
control for overestimation of the effect sizes,
€aCh g}eqges Was adjusted and converted to Co-
hen’'s d value with respect to Hedge's formula
(Hedges & Olkin, 1985). In two cases effect
sizes were calculated on the basis on correla-
tional coefficients. For these studies, Fischer's z
was adjusted and converted into Cohens d. Es-
pecialy inthe clinical studies, dswere available
for multiple PM measures (e.g., PM specificity).
In cases where more than one measure of the
same dependent variable was available, ds were
first calculated for each single variable and then
averaged to one d called PM performance. For
time- and event dependent PM we also calcu-
lated separate ds.

Statistical Analysis of Effect Sizes

Average effect sizes were calculated for PM
for each study reported. A confidence interval
of 95% was defined as the level of significance
(95% CI). To investigate whether the effect
Sizes were consistent across studies al ds were
summarized in a weighted average effect size,
with its standard deviation and 95% CI. To test
whether the ds share a common effect size, the
Cochran Q test was consulted to prove homo-
geneity. A significant result indicates heteroge-
neous distributions of ds, which points out sig-
nificant differences between the studies. To
identify putative mediating factors of the ds
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origin, they were attributed to the factors in-
cluded in our hypotheses: (a) stressor character-
istics, (b) PM type, and (c) PM phase. This
differentiation could be accomplished only for
the studies with healthy participants. In the
studies of PTSD patients, too little studies ad-
dressing each factor were available. For the
studies of nonclinical samples, we pooled mea-
sures of overal PM performance after the in-
duction of acute experimental stress procedures
(Glienke & Piefke, 2016; Nater et a., 2006;
Walser, Fischer, Goschke, Kirschbaum, & Ples-
sow, 2013) with PM measures without experi-
mentally induced stress (Ihle et al., 2014; Ihle,
Schnitzspahn, Rendell, Luong, & Kliegel, 2012;
Nakayama, Takahashi, & Radford, 2005).
Moreover, we pooled measures (a) of time-
based PM (Glienke & Piefke, 2016; Ihle et dl.,
2014; Nater et al., 2006), (b) event based PM
(Glienke & Piefke, 2016; Nakayama et 4.,
2005; Nater et al., 2006; Walser et al., 2013),
and (c) across time- and event-based PM types
(Glienke & Piefke, 2016; lhle et a., 2012).
Because studies that differentiated between
phases of PM are very rare we could not include
this factor into the statistical analyses. To test
for a publication biaswe used a significance test
according to Begg (1994). A Spearman corre-
lation (rg) was applied to test to assess standard-
ized effect sizes and their variances. A publica-
tion bias is indicated by a significant positive
(rg). Publication biases were calculated sepa-
rately for nonclinical and clinical samples.

Results
Stress Influences on PM

Histological studies show evidence for the
existence of cortisol-binding glucocorticoid re-
ceptors in some neural structures, which have
repeatedly been associated with PM. These are
mainly the frontal pole and media temporal
lobe (Bremner, 2006; de Quervain et al., 2003;
Kremen et al., 2010). Given these neuroanat-
omical and neurobiological conditions, it is rea-
sonable to assume that the release of cortisol
will change PM performance. Research of the
last years found diverging impact of stress on
PM in healthy participants. For instance, in
overall PM, Ihleet a. (2012) reported better PM
performance under lower stress levels, whereas
Glienke and Piefke (2016) found enhanced
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overall PM for significant increased cortisol lev-
els.

Stress influence on event-dependent PM.
As displayed in Table 1, Nakayama and col-
leagues (2005); Nater et al. (2006) and Walser
et al. (2013) reported event-dependent PM per-
formance to be unaffected by an ateration in
stress level. Within the real-life related para-
digm of Glienke and Piefke (2016) an improve-
ment in event-dependent PM was found after an
acute increase in cortisol after laboratory stress
exposure.

Stress influence on time-dependent PM.
In behavioral studies, Nater et al. (2006) and
Glienke and Piefke (2016) reported better time-
based PM performance after the induction of
psychosocial stress. In another study, Ihle et al.
(2014) found that a relaxation intervention de-
creased subjective and physiological stress lev-
els but had no implication on time-based PM.

Both, histological studies as well as behav-
ioral and psychophysiological research in hu-
mans indicate that stress most likely alters PM
processing.

Analysis of Effect Sizes for the Nonclinical
Samples

Asshown in Table 1 we found abroad range of
effectssizesfromd = —1.42 (Ihleet ., 2012) to
d = .61 (Nater et d., 2006) across al studies in
healthy adults. The integration of effect sizes re-
vealed an average weighted effect size of d = .10
(.01 = d =.18) for dl studies. The homogeneity
analysis showed a higher Q (22.11) than the crit-
ica value of x? distribution (x§ = 11.42; p > .05),
indicating heterogeneous distributions of ds. This
indicates that the ds do not share a common un-
derlying effect size and may therefore result from
the investigation of different populations, the use
of different study designs, stressors, and tasks, or
combinations thereof. As depicted in Table 2,
results of laboratory studies applying standardized
acute experimental stressors show average effect
Szes (p < .05), which are significantly different
from zero. In contrast, for studies that measured
different forms of basal stress, a Significant heter-
ogeneity of distributions and a nonsignificant av-
erage effect size was evident. When separating
time- and event- dependent PM, we aso found
significant average effect sizes and homogeneity
of digtributions for each type of PM. Moreover,
there was a significant heterogeneity and a non-
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Table 2
Results of Pooled Averaged Effect Sizes

Significance test for average

Analysis of effect size

effect size heterogeneity
d 95% ClI X2 df Q

Stress characteristics

Acute stress (n = 6) 24" (19 =d = .28) 5.47 5 2.59

Basal stress (n = 3) -.21 (44 =d=.02 5.88 2 14.82"
PM type

Time-based PM (n = 3) .28" (2l=d= .39 2.6 2 157

Event-based PM (n = 4) 13" (10 = d = .16) 6.64 3 .55
Overal PM (n = 2) -.35 (=76 =d=.07) .80 1 14.65"

Note.

Integration was done with respect to our hypotheses for healthy adults.” Indicate that

the average effect size is significantly different to O or the ds of one class of data has a
heterogeneous distribution. PM = Prospective Memory.

significant average effect size for studies that did
not differ between time and event-dependent PM.
This indicates that the differentiation of effect
sizesfor time- and event-based PM may explainin
part the differentid effects of stress on PM re-
ported in published studies. Data from studies that
did not distinguish between time- and event-
dependent only indicate that stress may have dif-
ferential effects on overal PM. The test of publi-
cation biases showed a significant negative
correlation of the standard effect sizes and their
variance (r = —.25; p < .05), indicating the
absence of any publication bias.

Cognitive Disturbances
Associated With PTSD

Numerous researchers investigated RM in
patients with PTSD (for a review, see Buck-
ley, Blanchard, & Neill, 2000). Studies of
retrospective real life memory consistently
reported that PTSD is associated with impaired
autobiographical memory (e.g., Beblo et d., 2006;
LaGarde, Doyon, & Brunet, 2010; McNally,
2006; Piefke et al., 2008). These findings are of
particular interest since autobiographical mem-
ory deeply integrates retrospective and PM pro-
cesses (Schacter et al., 2007). As displayed in
Table 3, a similar picture of alterations in pa-
tients with PTSD is detectable for PM perfor-
mance. All authors reported difficulties in PM
performance for PTSD patients (Brown et al.,
2013, 2014; Kleim, Graham, Fihosy, Stott, &
Ehlers, 2014; McFarland et al., 2016; Scott et
al., 2016).

Studies on the impact of stress on different
phases of PM in patients with PTSD have not
been published yet.

Analysis of Effect Sizes for the Clinical
Samples

As shown in Table 3 we found a broad range
of effects sizes for the effect of PTSD on PM
fromd = —1.99 (Brown et d., 2013) tod = .14
(Brown et al., 2014). The integration of effect
sizes revealed an average weighted effect size
of d = —.58 (—.67 =d = —.49) for all studies.
The homogeneity analysis showed a lower Q
(14.86) than the critical value of the x? distribution
(x4 = 17,49; p > .05), indicating a homogeneous
distribution of ds. The ds thus share a common
underlying effect size and therefore seem to
come from similar populations and experimen-
tal conditions. The analysis of effect sizes of
results from studies of patients with PTSD thus
does not indicate statistical differences in the
effect of PTSD on PM between the studies.

Discussion

Based on the available literature, this review
analyzed the effects of stress on PM in healthy
adults and patients with PTSD depending on (a)
the stressor characteristics, (b) whether PM is
time- or event-based, and (¢) which phase of
PM processing is directly affected by the stres-
sor. Results indicate that the effects of stress on
PM are modulated by stressor characteristics
and different types (i.e., time- and event-
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dependent) of PM in healthy adults. The calcu-
lation of effect size demonstrates that the ex-
perimental induction of short acute stress may
improve PM. For studies that investigated basal
stress neither an improving nor a deteriorating
association between stress levels and PM per-
formance could be detected. Effect sizes for the
influence of stress on distinct phases of PM
could not be calculated because too few studies
are published on this issue. Effects sizes for
studies of patients with PTSD demonstrate a
deteriorating effect of the disorder on overall
PM. Based on the results of our review we will
now discuss our hypotheses on the modulating
factors of PM in healthy adults and patients with
PTSD.

Healthy Adults

Effectsof stressor characteristics. We hy-
pothesized that the reported diverging effects of
stress on PM performance may be a result of
different stress characteristics. lhle et al. (2012)
and Nakayama, Takahashi, and Radford (2005)
both investigated the influence of basal stress
levelson PM (i.e, stresslevelsin the absence of
stress treatment). Nakayama et al. (2005) found
no effect of different basal stress|evels whereas
Ihle and collegueas (2012) reported better PM
performance under lower stress levels. How-
ever, only Nakayama et al. (2005) relied their
results on the measured stress hormone cortisol.
Ihle et al. (2012) differentiated their results on
either subjective stress ratings. Supposedly, sub-
jective stress measures and cortisol measurement
describe different stress reactions. Subjective
stress ratings usualy contain the SAM-system.
Bodily changes during the fast stress reaction are
much better detectable for subjects and are re-
flected by physiological measure like blood pres-
sure, than the HPA-axis that results in the release
in cortisol. Therefore, different influence of
stress may be a result of different stress reac-
tions that were measured. Certainly Ihle et al.
(2012) applied an everyday PM task, which
aimed at assessing retrieval and execution of
intentions over a time period of 5 days in a
naturalistic study design. Participants formed
and encoded their intentions during their every-
day routine. Encoded intentions had to be re-
trieved and executed on the following day. Na-
kayama et a. (2005), in contrast, tested PM by
an event-dependent PM paradigm. Participants
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were required to mark words that could be clas-
sified as clothing (neutral) or words that are
classified as names of symptoms of physica
disorders (negative emotional). Based on the
study designs they are aso different in their
capabilities to standardize experimental condi-
tions. Therefore, it is reasonable that the com-
bination of different stressor characteristics and
task demands may explain the different results
for the influence of basal stress on PM. In
another study, Ihle et al. (2014) investigated
whether aging-related differences in time-based
PM performance may be due to higher basal
levels of stress in the elderly (relative to young
adults) during alaboratory testing situation. lhle
et a. (2014) also measured basal stress niveau
but even lowered the basal stress levels by con-
ducting arelaxation intervention. In their exper-
imental paradigm, participants performed a
working memory task while pressing a com-
puter button every minute to test time-depen-
dent PM. Half of the older and half of the
younger participants accomplished a relaxation
intervention before the time-based PM task. Ihle
et a. (2014) found that the relaxation interven-
tion decreased subjective and physiological
stress levels in both young and older partici-
pants. However, stress levels did not differ be-
tween the age groups such that the amount of
stress could not explain aging-related differ-
ences in PM performance in this laboratory
context. This study underpins the results of Na-
kayama et al. (2005) because both tested PM
under controlled conditions and found no effect
of basal stress on PM, athough, again different
forms of stress were measured.

Glienke and Piefke (2016); Nater et al.
(2006) and Walser et a. (2013) induced system-
atically and standardized acute stress by social
stress tests. While Glienke and Piefke (2016)
applied the socially evaluated cold pressure test
(SECPT), Nater et al. (2006) and Walser et al.
(2013) conducted the trier social stress test
(TSST). Both stress exposure methods resulted
in a reliable cortisol increase (Kirschbaum,
Pirke, & Hellhammer, 1993; Schwabe, Haddad,
& Schachinger, 2008). Nater et al. (2006) re-
ported selectively improved time-based PM
performance after the induction of psychosocial
stress, with no such effect on event-based PM
(see Figure 2). Nater and colleagues (2006)
implied an ongoing word-rating task, wherein
the participant was asked to either press atarget
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Figure 2.

Stress

Non-Stress

Differentia effects of stress on time-based PM. In a study by Nater et al. (2006)

it is shown that time-based PM was improved by the stressor, while there was no effect of
stress on event-based PM. Nater et al. (2006) did not differentiate between the distinct phases
of PM illustrated in Figure 1. It ismost likely that the effects of stress on PM may also depend
on the time point of stressinduction (i.e., before the planning, the retention, the performance,

or the evaluation phase).

key every 2 min (time-dependent PM) or when-
ever a target word appeared on the screen
(event-dependent PM). Walser et al. (2013) in-
tended to explore the missing effect of stress on
event-based PM in the paradigm of Nater et al.
(2006). In their study, the authors specified and
expanded the event-depended PM condition by
including (a) response times into their analyses
and (b) implementing an additional deactivation
phase into the paradigm. The latter experimen-
tal variation allowed them to test potential ef-
fects of stress on intention-deactivation after the
completion of each PM tria. This approach is
based on the view that after having completed a
PM challenge intentions, which are no longer
relevant, are deactivated to avoid interference
with the demands of following PM tasks. Fol-
lowing this account, Walser and colleagues
(2013) aimed at exploring whether stress may
lead to changes of intention-deactivation by
measuring if participants responded to PM cues
that were required in the PM block before.
Neither in event-dependent PM performance,
nor in the response times, Walser et al. (2013)
found differences between the stress and the
control groups. Likewise, intention-deactivation
after completion of each trial did not differ
between the two groups. Given these results, the
authors proposed that processes like intention
retrieval and intention-deactivation may pre-
serve even under acute stress conditions. Re-
cently Glienke and Piefke (2016) separated PM
in its different phases and applied a complex

rea life-like PM task that involved the plan-
ning, retention, and performance of intentions
during a fictional holiday week. Half of the
subjects were stressed with the SECPT before
the planning of intentions, and the other half of
the participants underwent a control procedure
a the same time. Glienke and Piefke (2016)
found that the performance of participants
treated with the SECPT procedure before the
planning phase remained constantly better time-
and event-dependent PM retrieval over the per-
formance phase, while performance of controls
declined.

With respect to the hypothesis that the stres-
sor characteristics may explain at least in part,
we aso have to take into account some impor-
tant differences between the two most fre-
quently applied experimental stressors in neu-
roendocrinological and neuropsychological
research: the SECPT and the TSST. Both stres-
sors have repeatedly been shown to induce ro-
bust effects on the physiological marker cortisol
(Giles, Mahoney, Brunyé, Taylor, & Kanarek,
2014; Kirschbaum et al., 1993; Schwabe et al.,
2008), on mood and emotion processing (e.g.,
Giles et a., 2014), and on cognitive functions
(e.g., Het et al., 2005; Schwabe, Joéls,
Roozendaal, Wolf, & Oitzl, 2012; Schwabe,
Walf, & Oitzl, 2010). Conceptualy, the TSST
represents a social stressor, whereas the SECPT
includes both a socia stressor component and—
with the ice cold water condition—a physiolog-
ical component. Additionally, the TSST proce-
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dure lasts 15 min whereas the SECPT is much
shorter with its 3-min stress procedure. It has
repeatedly been shown that the TSST increases
cortisol levels immediately after stress induc-
tion, while the SECPT increases cortisol within
20 min post stress treatment (Giles et al., 2014;
Kirschbaum et a., 1993; Schwabe et al., 2008).
The differences between the SECPT and the
TSST in the magnitude of induced cortisol lev-
els were only margina (Giles et al., 2014).
Note, however, that the SECPT induced across
studies dlightly higher levels of cortisol than the
TSST, athough the SECPT stress procedure
lasts only one-fifth of the duration of the TSST
stress procedure. Available data on the effects
of the SECPT and TSST stress induction meth-
ods thus suggest that a combined social and
physiological stressor (represented by the
SECPT) is dlightly more efficient in the induc-
tion of cortisol release than a mere socia stres-
sor (represented by the TSST). Since different
experimental paradigms were applied in the
studies on PM, which used either the SECPT or
the TSST, one cannot decide whether the re-
ported differences in cortisol release depended
on differential stressor characteristics, distinct
PM paradigms, or both (Glienke & Piefke,
2016; Nater et a., 2006; Walser et al., 2013).
Moreover, issues related to stressor characteris-
tics interfere with different time points of stress
induction during PM processing in the reviewed
studies (Glienke & Piefke, 2016; Nater et al.,
2006; Walser et al., 2013). Based on the cur-
rently available data, we propose that stressor
characteristics may at least in part explain the
varying results of studies on the effects of stress
on PM performance. Importantly, the calcula-
tion of effect sizes demonstrates that studies
applying a standardized acute experimental
stressor demonstrate comparably improving ef-
fects on PM (with effect sizes significantly
greater than zero). In contrast, effect sizes for
studies investigating the influence of basal
stress levels on PM do not indicate a similarity
between the measured effects. It islikely that in
these studies the stressor characteristics are not
sufficiently defined, such that they may not ex-
plain the varying reported effects of stress on
PM performance.

Effectsof PM type. We also hypothesized
that time- and event-dependent PM may be
differentially affected by stress. Cona, Ar-
cara, Tarantino, and Bisiacchi (2012) found,
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besides a common frontal activation, different
even-related potentials (ERPs) for event- and
time-dependent PM. Especially in event-
based PM the authors found ERPs that re-
flected increased recruitment of resources re-
quired for checking the occurrence PM cues.
Thisisin line with the assumption that event-
dependent PM is a self-initiated execution of
intentions in response to an external PM cue,
whereas time-dependent PM reflects a more
internal self-initiated execution to a specific
time and is therefore of higher cognitive de-
mand (Nater et al., 2006). Strategic monitor-
ing may be recruited in cases where PM cues
possess a low salience and demand less cog-
nitive resources (Cona et al., 2015; McDaniel
& Einstein, 2000; Scullin et al., 2013). In
consequence, it is reasonable that strategic
monitoring is more likely the underlying
strategy of event-dependent PM; however, the
more demanding a PM task is, the fewer
resources are available for strategic monitor-
ing. Spontaneous retrieval has been explained
by areflexive association between the PM cue
and the intention stored in PM. However,
spontaneous retrieval may also be a result of
the salience of the PM cue (Conaet al., 2015;
McDaniel & Einstein, 2000; Scullin et al.,
2013). PM tasks with high demands like time-
dependent PM and salient PM cues would
thus be most likely to provoke spontaneous
retrieval (Conaet a., 2015; McDaniel & Ein-
stein, 2000; Scullin et al., 2013). Time-
dependent PM may thus be likely vulnerable
for stress. The analysis of effect sizes reveded
significantly increased time- and event-dependent
PM in response to stress, however, there was a
(nonsignificant) tendency toward a stronger im-
provement of time-dependent than event-depen-
dent PM. Effect sizes of studies that did not
distinguish between time- and event-dependent
PM were heterogeneous (i.e., they did not differ
from zero). In summary, the calculation of ef-
fect sizes corroborated our hypothesis that time-
and event-dependent PM are differentially af-
fected by stress in terms of a distinct degree of
improvement.

The differential experimental paradigms used
to measure time- and event-dependent PM,
however, also need to be considered in the
debate on putative differences between time-
and event-dependent PM in the vulnerability to
stress. For example, Nakayama et al. (2005) and
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Ihle et al. (2014) applied experimental ongoing
task paradigms, whereas Ihle and colleagues
(2012) implemented a rather naturalistic PM
paradigm. Nater et a. (2006) and Walser and
colleagues (2013) applied an ongoing PM task,
while Glienke and Piefke (2016) used a com-
plex computerized rea-life-related PM task.
Ihle and colleagues (2012) did not differentiate
between time-based or event-based PM. Na
kayama et al. (2005) and Walser et a. (2013)
investigated event-dependent PM, and Ihle et al.
(2014) solely addressed time-depenendent PM.
Nater et al. (2006) aswell as Glienke and Piefke
(2016) differentiated between time- and
event-dependent PM and investigated the in-
fluence of stress on both types of PM. In
paradigms where ongoing tasks are used,
time-dependent PM is supposedly more cog-
nitive demanding than event-dependent PM,
and may therefore be more vulnerable to
stress. Paradigms possessing a higher com-
plexity may increase the cognitive demands
of event-dependent PM. Task complexity may
therefore explain at least in part why studies
applying naturalistic paradigms found that
event-dependent PM was also affected by
stress. Following these assumptions, both PM
types and study designs may explain the di-
verging patterns of results on the influence of
stress on PM in healthy adults.

Effects of PM phase. Asdisplayed in Ta-
ble 1 only three studies are published that
differentiated between the phases of PM
(Glienke & Piefke, 2016; Ihle et al., 2012;
Walser et al., 2013). Given the differences in
stressor characteristics and experimental de-
signs, results of the three studies cannot be
compared with each other concerning the im-
pact of stress on different phases of PM. For
the same reasons, effect sizes could not be
calculated for the influence of stress on dif-
ferent PM phases. However, following the
assumption of the “multiprocess framework”
(Cona et al., 2015; McDaniel & Einstein,
2000; Scullin et al., 2013; see also Introduc-
tion) for the retrieval and execution phases of
PM, itislikely that the effects of stress on the
retrieval phase is different from the influence
of stress exerted on the planning and retention
phases of PM. Since PM has a high relevance
in everyday life, future research is needed to
further explore during which phase of PM
acute stress may have enhancing effects, and
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during which phase of PM it may deteriorate
performance.

Patients With PTSD

Although PTSD represents a paradigmatic
model in psychobiological research on the in-
fluence of stress on brain functions and behav-
ior, results of studies on PM in PTSD patients
cannot easily be analyzed and interpreted with
reference to studies of the modulation of PM by
stressin healthy participants. Thisis mainly due
to the lack of psychobiological measures such
as cortisol concentration and heart rate and the
application of different PM paradigms in stud-
ies of healthy participants and PTSD patients.
Nonetheless, the calculation of effect sizes for
overall PM performance indicates that PTSD
has a deteriorating effect on PM (average effect
size of d = —.58).

Effects of stressor characteristics. With
regard to our hypothesis that stressor character-
istics may explain enhancing or disturbing ef-
fects on PM, it needs to be considered that
stressor characteristicsin PTSD patients need to
be defined by the traumatic event that caused
the disorder. The results of our review demon-
strate that available studies focusing on PM in
patients with PTSD recruited combat veterans
for their investigations—except the study of
Kleim et al. (2014; see Table 3). Characteristics
of the stress situation causing the disorder were
probably widely comparable in the studies of
combat veterans, such that we can assume that
the characteristics of combat-related traumatic
stress may at least in part explain disturbing
effects of PTSD on PM performance.

None of the studies addressed the role of the
stress hormone cortisol. In prior research, it is
discussed that low-dose cortisol treatment re-
duces cortisol concentrations in PTSD patients
and improves symptoms (Aerni et al., 2004).
Based on this assumption, a short and moderate
stress exposure that actives the HPA-axis
should have a similar effect in patients with
PTSD. The putative relevance of this hypothesis
for PM capacities in PTSD patients needs to be
further investigated.

Effects of PM type. Only two studies on
PM in combat veterans with PTSD are pub-
lished, which differentiated between time- and
event-dependent PM (Scott et al., 2016; McFar-
land et al., 2016). Scott and colleagues (2016)
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consulted the Memory for Intention Test
(MIST; Kamat et al., 2014; Raskin, 2009; Scott
et a., 2016) and found significantly poorer PM
performance in PTSD patients for time-
dependent PM (but not for event-dependent
PM) compared to combat veterans without
PTSD. The MIST consists of eight PM trials
over 30 min that are counterbalanced by PM
type (i.e., time-based vs. event-based), response
(i.e., physical vs. verbal), and delay (i.e., 2 min
vs. 15 min; Kamat et al., 2014; Raskin, 2009;
Scott et a., 2016). McFarland et a. (2016)
applied an ongoing PM task similar to the one
used by Nater et a. (2006), but only for event-
dependent PM. They found a negative correla-
tion between the severity of PTSD symptoms
and event-based PM performance. Other au-
thors used imaginative task procedures (Brown
et a., 2013, 2014; Kleim et &., 2014) that did
not distinguish between time- and event-
dependent PM. Brown et al. (2013) presented
neutral word cues to combat veterans who were
instructed to generate autobiographical memo-
ries or imagine future autobiographical events.
Data were analyzed for episodic specificity and
content. Events of the future were reported
more overgeneral by combat veterans with
PTSD compared to combat veterans without
PTSD. Brown et al. (2014) employed the auto-
biographical interview (Levine, Svoboda, Hay,
Winocur, & Moscovitch, 2002) to investigate
autobiographical memory and imagined future
event narratives generated by combat veterans
with and without PTSD. Responses were coded
for the number of episodic and semantic details.
Compared to combat veterans without PTSD,
those with PTSD generated more semantic than
episodic details when recalling past or imagin-
ing future events. Interestingly, fewer episodic
details were associated with greater symptom
severity. Kleim et a. (2014) were the only au-
thors who did not investigate combat veteransin
their study. In the PTSD patients included in
their investigation, the disorder resulted from
assault and motor vehicle accidents. The stres-
sor characteristics therefore differed from those
of studies of combat veterans with war-related
PTSD. The PM task used by Kleim et a. (2014)
addressed the effects of cues with differentia
emotional valence on the accuracy of autobio-
graphical PM in PTSD patients and healthy
controls. They reported that PTSD patients
imagined future events less accurately and spe-
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cifically in response to positive, but not to neg-
aive cues relative to the control group. Al-
though the study design and the PM task used
by Kleim et a. (2014) are not directly compa-
rable to those applied in the PM studies in
combat veterans, the results fit in the overall
picture of data on the effect of war-related
PTSD on PM.

In summary, different study paradigms make
it difficult to interpret the effect of PTSD on
time- and event-dependent PM performance.
However, the pattern of results from studies of
PTSD patients and the respective effect sizes
clearly indicate that PTSD deteriorates overall
PM performance.

Studies on the impact of stress on different
phases of PM (see Hypothesis 3) in patients
with PTSD have not been published yet. We
know from RM in hedthy adults and PTSD
patients that stress may have different effects on
memory phases (e.g., Het et a., 2005; Wingen-
feld et al., 2012; Wingenfeld & Wolf, 2015;
Wolf, 2009). Future research is needed to clar-
ify whether similar effects can be found for PM.
It may be of particular interest for the treatment
of the disorder to examine putative differential
positive or negative effects of distinct types of
short acute stressors on each phase of PM in
patients with PTSD (Wingenfeld et a., 2012).
This would probably enable us to develop more
precise and efficient rehabilitation interven-
tions.

Conclusions

The present review demonstrates that a short
acute stressor may have enhancing effects on
PM in healthy humans, depending on the char-
acteristics of the stressor and the type of PM.
With regard to the stressor attributes, available
data are confounded with the use of differential
PM paradigms and the induction of stress at
different time points during PM processing. In
summary, however, the results of our review
indicate that variations of stressor characteris-
tics may in part be relevant for the effects of
stress on PM (Giles et al., 2014). Moreover,
time-dependent PM appears to be more vulner-
able to stress. This may be due to the higher
cognitive demands (e.g., memory load, executive
capacity) in time-dependent relative to event-
dependent PM. Interestingly, there is some evi-
dence across studies that different basal cortisol
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levels do not modulate PM performance. In
contrast, acute short stress induction and the
corresponding differential increases of cortisol
may improve PM performance (Glienke &
Piefke, 2016). Concerning a putative relation-
ship between stress induction and the different
phases of PM, only three studies are published
that differentiated between the distinct phases of
PM. Moreover, stressor characteristics and ex-
perimental designs highly differed between
these studies such that one hardly may compare
and interpret the study results with respect to the
impact of stress on PM phases. Note, in every-
day life stress may occur in al phases of PM. It
would thus be interesting to explore in future
research during which phases of PM acute stress
may enhance or deteriorate PM. The knowledge
about beneficial effects of stress on certain
phases of PM may also be relevant for clinical
samples. On the clinical side, data on influences
of acute stress on PM in patients with PTSD are
rare. These mainly relate PTSD symptoms to
declined PM functions. The influence of a short
acute stressor on the differential phases of PM
has not been investigated yet. Interestingly,
some recent studies suggest that the level of
cortisol may be an important biomarker for di-
agnostic and therapeutic considerations in the
treatment of patients with PTSD. Therefore,
future research on the psychological and neu-
roendocrinological interactions underlying dis-
turbances of PM in patients with PTSD pos-
sesses a central clinical and scientific relevance.
It would be of particular interest to investigate
how cortisol levels induced by a short acute
stress exposure at different time points (i.e.,
before the planning, retention, or retrieval/
execution phases) influences PM performance
in patients with PTSD.
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