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ABSTRACT

ARTICLE HISTORY

Although substantial research has examined the effects of stress on cognition, much of this research
has focused on acute stress (e.g. manipulated in the laboratory) or chronic stress (e.g. persistent
interpersonal or financial difficulties). In contrast, the effects of recent life stress on cognition have been
relatively understudied. To address this issue, we examined how recent life stress is associated with
long-term, working memory, and self-reported memory in a sample of 142 healthy young adults who
were assessed at two time points over a two-week period. Recent life stress was measured using the
newly-developed Stress and Adversity Inventory for Daily Stress (Daily STRAIN), which assesses the frequency of relatively common stressful life events and difficulties over the preceding two weeks. To
assess memory performance, participants completed both long-term and working memory tasks.
Participants also provided self-reports of memory problems. As hypothesized, greater recent life stress
exposure was associated with worse performance on measures of long-term and working memory, as
well as more self-reported memory problems. These associations were largely robust while controlling
for possible confounds, including participants’ age, sex, and negative affect. The findings indicate that
recent life stress exposure is broadly associated with worse memory. Future studies should thus consider assessing recent life stress as a potential predictor, moderator, or covariate of memory
performance.
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Introduction
A large body of research has shown that stress exerts
substantial effects on human memory (Shields, Sazma,
McCullough, & Yonelinas, 2017). The exact nature of this association, however, appears to depend on the specific type of
stress experienced. For example, acute stress—which refers to
the occurrence of a single, short-lived stressful event—can
enhance or impair memory encoding, whereas it generally
enhances retention and impairs retrieval (Cahill, Gorski, & Le,
2003; Gagnon & Wagner, 2016; Maheu, Collicutt, Kornik,
Moszkowski, & Lupien, 2005; Wiemers, Sauvage, Schoofs,
Hamacher-Dang, & Wolf, 2013). In contrast, chronic stress—
which refers to an ongoing, persistent difficulty—generally
impairs memory (Conrad, 2010; Peavy et al., 2009). Acute and
chronic stress can occur over various periods of time, however, and although research has examined effects of stress
over certain time periods—such as early life stress (Richards
& Wadsworth, 2004)—to date no study has examined associations of recent life stress with long-term memory performance. Understanding these associations has important
implications for multiple areas of research. For example, if
recent life stress exerts effects on memory, then it may be
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important to ensure that individuals have not experienced
much recent stress when testing for potential memory deficits in old age.
To our knowledge, only two prior studies have examined
associations between recent life stress exposure (rather than
perceived stress) and memory (Potter, Hartman, & Ward,
2009; Rickenbach, Almeida, Seeman, & Lachman, 2014).
However, both of these studies examined self-reported
memory problems rather than testing memory directly.
Because these studies assessed self-reported memory rather
than actual memory performance, it remains unknown if the
associations observed were due to self-reporting biases or
other confounds related to the use of self-report measures.
Moreover, it is important to take into consideration the associations of stress with different forms of memory—such as
working and long-term memory—in order to understand
more nuanced associations between recent life stress and
memory performance. Indeed, self-reported memory problems may be the result of poor working memory, poor learning, or poor memory retrieval, and additional research is
needed to examine whether recent life stress exposure
relates to each of these types of memory or just some of
them.
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To address the need for research examining associations
between recent life stress and memory, we examined how
recent life stress is related to both working and long-term
memory. To this end, we characterized recent life stress
exposure in healthy young adults who completed measures
of long-term, working, and self-reported memory, with a twoweek delay between learning and retrieval for the long-term
memory task. Because the measure of recent life stress used
in this study was recently developed, we first validated it
against two measures of health known to be associated with
stress exposure. Then, we examined associations between
recent life stress exposure and memory. Based on prior
research showing that both chronic and early life stress
impair memory, we hypothesized that greater recent life
stress exposure would be associated with worse long-term,
working, and self-reported memory.

Methods
Participants
Participants were 142 young adults (31 men, 111 women; M
age ¼19.42, SD ¼ 1.49) recruited from a university community
who completed the study for course credit. Of these participants, 52.1% self-identified as Asian, 23.2% as White, 18.3%
as Hispanic, 3.5% as Native Hawaiian or Pacific Islander, and
2.8% as Black or African American. The only exclusion criterion was an age of less than 18 years; this was intended to
maximize the generalizability of the results obtained to the
population we sampled.

Materials and procedure
All study procedures, including the life stress interview and
memory tasks, were completed online. After signing up for
the study, participants were sent to a website to complete
the study. The first page of the website verified that participants were using a laptop or desktop computer in order to
ensure that they were able to complete the online cognitive
tasks. If participants failed this automatic check, they were
instructed to return to the website once they were using a
laptop or desktop computer and their session was terminated
temporarily. If participants passed this check, they were forwarded to a website containing the consent form, which they
digitally signed before beginning the study. All study procedures were pre-approved by the Institutional Review Board at
the University of California, Davis.

Negative affect (PANAS-X)
Participants first completed the Positive and Negative Affect
Schedule-Extended (PANAS-X; Watson & Clark, 1999) to assess
current affect. Apart from the unextended version of this
scale (i.e. the PANAS), the PANAS-X is the most widely used
measure of current affect. Participants were instructed to
report the extent to which they “currently feel (i.e. at this
moment)” several positive and negative affective states using
a scale from 1 (very slightly or not at all) to 5 (extremely).
Because we were interested in controlling for negative affect
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in this analyses, we used these responses to create an overall
PANAS-X negative affect score for each participant by averaging together the respective affective states. Higher scores
thus indicated greater negative affect. Internal consistency of
the negative affect items was very good, a ¼ .89.

Recent life stress
After completing the PANAS-X, participants reported their
recent life stress using the Stress and Adversity Inventory for
Daily Stress (Daily STRAIN; see Appendix).
The Daily STRAIN was derived for this study from the
STRAIN system, which assesses lifetime stress exposure (e.g.
Slavich & Toussaint, 2014; Toussaint, Shields, Dorn, & Slavich,
2016). Unlike the original STRAIN, however, the Daily STRAIN
assesses the frequency of 14 stressors that are likely to occur
over a two-week period (rather than over the entire lifespan).
Three additional questions were included in the present
study to assess college-related stressors (see Appendix) but
these questions can be removed for noncollege samples.
Example items include, “Over the past two weeks, how many
times were you criticized, insulted, or made fun of by someone you care about?” and “Over the past two weeks, how
many times did an important friendship or romantic relationship end with you and someone else?” Participants
responded using a scale of 0–5 þ the number of times. The
frequency of each stressor (0–5) was then summed to create
a total recent life stress score for each participant, with
higher scores thus indicating more recent life stress.
Self-reported memory
Next, participants completed the Everyday Memory
Questionnaire-Revised (EMQ-R; Royle & Lincoln, 2008), which
was modified to assess memory over the preceding two
weeks (rather than the preceding month). The EMQ-R reliably
discriminates between healthy individuals and both individuals who have suffered stroke and individuals with multiple
sclerosis (Royle & Lincoln, 2008). Participants were instructed
to indicate how often different memory events occurred,
such as “Forgetting when it was that something happened”
and “Completely forgetting to do things you said you would
do and things you planned to do.” Participants responded
using a scale from 1 (Once or less in the last two weeks) to 5
(Once or more in a day), with 3 (About once a week) as the
midpoint. Higher scores thus indicate worse memory. Internal
consistency of the EMQ-R was excellent, a ¼ .91.
Working memory task
We used a 3-back n-back task to assess working memory.
This is a well-validated working memory task that has sufficient variability to permit analyses in college-aged samples
(Henckens, van Wingen, Joe€ls, & Fernandez, 2011; Qin,
Hermans, van Marle, Luo, & Fernandez, 2009; Schoofs, Preub,
& Wolf, 2008). Participants were instructed to press the spacebar if the number on the screen was the same number they
saw three trials ago. Additionally, they were told that if the
number was not the same as the number presented three trials ago, they were instructed to avoid making a response.
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Participants first completed 24 practice trials, after each of
which participants received feedback indicating whether they
made the correct response on that trial or not. Stimuli were
presented in the center of the computer screen using 72px
font. Each number was presented for up to 1500 ms, during
which time participants were required to make their
response. After a response was made or the trial timed out,
there was a 1000 ms inter-trial interval before the next trial
began. Participants completed a total of 50 trials. The number
for each trial was selected randomly, with a constraint that
the number selected had a 33% chance of being the same
number as the number presented three trials ago—though
this constraint was unknown to participants. To calculate a
bias-corrected index of working memory accuracy, we subtracted false alarms (incorrect presses of the space bar; the
current number was not the same number they saw three
numbers ago) from hits (correct presses of the space bar; the
current number was the same number they saw three numbers ago). Higher scores on this measure thus indicate
greater working memory accuracy.

Memory encoding
Participants were presented with eight neutral and eight
negative words. Neutral and negative words were matched
for word frequency (Brysbaert & New, 2009) (p ¼ .744) and
character length (p ¼ .636), but significantly differed in both
valence (Warriner, Kuperman, & Brysbaert, 2013, p < .001) and
arousal (Warriner et al., 2013, p < .001), with the negative
words being more negative in valence and more arousing
than the neutral words.
Participants were told to pay attention to the words and try
to remember them because their memory would be tested
later. After reading the instructions, participants pressed a button to begin the encoding paradigm. Words were presented in
black, 30px font, one at a time, in the center of the screen
against a white background. Each word faded in for 250 ms,
then stayed on the screen for 3000 ms, and faded out for
250 ms, followed by an interstimulus interval blank screen of
1500 ms. This task was scripted using PHP and JavaScript. After
all words were presented, the study automatically advanced.
Go/no-go task
Following the memory encoding task, participants completed
a go/no-go task as a distractor between encoding and immediate recall. The go/no-go task was scripted in jsPsych (de
Leeuw, 2015) and is a well-validated task that assesses
response inhibition (Diamond, 2013; Shields, Sazma, &
Yonelinas, 2016). However, because this task primarily served
as a distractor for the memory task, participants only completed 44 trials. As such, this means that participants only
completed 11 no-go trials, which produced little variability in
errors of commission, and we did not analyze these data
further.
Immediate recall
After the go/no-go task, participants were automatically
directed to the instruction screen for the immediate recall task.

Participants were given 2 min to type as many words as they
remembered from the encoding paradigm into a text box;
participants were not able to advance the study before the
2 min had elapsed. After 2 min had passed, participants
answers were saved and the study automatically advanced.
The number of words recalled was used for analyses of
immediate recall, with higher scores indicating better recall.

Two-week delayed recall
After the immediate recall task, participants were told that
they would receive an email with a link to a follow-up portion of the study two weeks after the day they completed
this initial session and had to complete that follow-up portion to receive full credit. Participants were not told any
details about what the follow-up session entailed. Two weeks
after completing this initial session, participants received an
email at 3 pm with a link to the task. Participants were given
three full days to complete the follow-up session, although
most participants completed the follow-up session the first
day they could. After clicking the link, participants were told
that they would complete a memory recall task. As in the
immediate recall task, in the delayed recall task participants
were given 2 min to type as many words as they remembered from the encoding paradigm into a text box, and participants were not able to advance the study before the
2 min had elapsed. After they finished the recall task, participants again completed the Daily STRAIN before being
debriefed and given credit.
To examine forgetting rates by controlling for the number
of words learned initially, the proportion of words recalled at
the immediate test that were later recalled at the delayed
recall test (i.e. words at delayed recall divided by words at
immediate recall) was used for analyses of delayed recall performance. Higher scores indicate less forgetting between the
immediate and delayed tests, with a score of 1.0 indicating
identical recall performance at both tests.
Data analysis
All analyses were planned correlation or regression analyses
of interest, conducted using R, version 3.4.0. In analyses incorporating covariates, participant sex, age and current negative
affect were considered as covariates as prior research showed
that each of these factors are related to self-reported stress
(Brougham, Zail, Mendoza, & Miller, 2009; Stawski, Sliwinski,
Almeida, & Smyth, 2008; Watson & Pennebaker, 1989).
Because of the obtained sample characteristics, two additional variables are worth discussing here: race/ethnicity and
the time of day. We did not expect ethnic differences or the
time of day that the test was completed to impact memory
performance or recent life stress exposure a priori, so we did
not control for race/ethnicity or time of day in our a priori
plan of analysis. Nonetheless, we conducted exploratory analyses and found that neither race/ethnicity nor time of day
interacted with recent life stress to predict any of the outcomes, and controlling for race/ethnicity or time of day produced consistent results with our a priori plan of analysis.
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Therefore, we retained our a priori plan of analysis and present it below.

Results
Preliminary analyses
Descriptive statistics for the demographic variables and all
measures included in the study are presented in Table 1.

Daily STRAIN validation
Life stress exposure is known to be associated with poor
health. As such, in a preliminary validation of the Daily
STRAIN, we examined the associations between participants’
responses on this measure and their self-reported recent
physical and mental health problems using the Physical
Health Questionnaire (Schat, Kelloway, & Desmarais, 2005)
and Kessler 6-Item Psychological Distress Scale (Kessler et al.,
2002), respectively. We employed these outcome measures
because prior research has shown that they are strongly associated with other measures of life stress exposure (e.g.
Toussaint et al., 2016). As hypothesized, greater recent life
stress exposure was strongly associated with more selfreported recent physical health problems (r ¼ .58, p < .001), as
well as with more self-reported recent mental health problems (r ¼ .53, p < .001). When these analyses were rerun while
controlling for age, sex and current negative affect as covariates, the association between recent life stress and physical
health problems remained significant (b ¼ .57, t (137) ¼ 6.89,
p < .001), as did the association between recent life stress
and mental health problems (b ¼ .47, t (137) ¼ 5.51, p < .001).
Therefore, the Daily STRAIN appears to be a strong predictor
of health outcomes typically associated with stress exposure.
Primary analyses
Given this evidence of the Daily STRAIN’s predictive validity,
we next turned to the primary analyses, which examined
associations between recent life stress exposure and memory
performance.

Performance based measures
Long-term memory
We first explored the association between recent life stress
and immediate recall (i.e. after the one-minute distractor
task). As hypothesized, greater recent life stress exposure was
associated with poorer immediate recall (r ¼ 0.23, p ¼ .006),
indicating that people with more recent life stress were less
able to learn new information (see Figure 1). This association
remained significant while controlling for age, sex and current negative affect (b ¼ 0.24, t (137) ¼ 2.37, p ¼ .02,
DR2 ¼ .039). Moreover, the association between recent life
stress exposure and immediate recall did not differ by word
valence (t (132) ¼ 0.61, p ¼ .55). Namely, greater recent life
stress exposure was associated with poorer immediate recall
of neutral words (r ¼ .22, p ¼ .007), as well as with poorer
immediate recall of negative words (r ¼ .18, p ¼ .04,
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Table 1. Participant and descriptive statistics for all study variables.
Variable
Race/Ethnicity
Asian
Native Hawaiian/Pacific Islander
Black/African American
White
Hispanic
Sex
Male
Female
Age
Current negative affect (PANAS-X)
Recent life stress (Daily STRAIN)
Immediate recall
Delayed recall
Delayed recall of neutral items
Delayed recall of negative items
Working memory hits – false alarms
Self-reported memory problems (EMQ-R)
Physical health problems (PHQ)
Mental health problems (K-6)

M

(SD)

n
74
5
4
33
26
31
111

19.42
1.60
18.25
10.25
2.53
1.39
1.14
4.83
2.05
2.29
2.70

(1.49)
(0.66)
(12.2)
(3.17)
(2.83)
(1.80)
(1.52)
(6.16)
(0.77)
(0.80)
(0.93)

PANAS-X : Positive and Negative Affect Schedule- Extended; Daily STRAIN:
Stress and Adversity Inventory for Daily Stress; EMQ-R: Everyday Memory
Questionnaire- Revised; PHQ: Physical Health Questionnaire; K-6: Kessler
6-Item Psychological Distress Inventory.

Figure 1). Controlling for age, sex and current negative affect
partially altered these results, as the association between
recent life stress and immediate recall of neutral words
remained significant with these statistical adjustments
(b ¼ .22, t (137) ¼ 2.22, p ¼ .03, DR2 ¼ .034), whereas the
association between recent life stress and immediate recall
of negative words was no longer significant (b ¼ .19,
t (137) ¼ 1.91, p ¼ .06, DR2 ¼ .026).
To examine whether recent life stress exposure was associated with a greater forgetting rate of items in addition to
poorer initial learning (as reflected by worse immediate recall
performance), we analyzed the delayed free recall data as a
proportion of immediate recall. We found that greater recent
life stress exposure was associated with worse proportion
delayed of immediate recall (r ¼ .17, p ¼ .04), indicating that
participants with greater recent life stress exposure had
indeed forgotten more words over the two week delay. We
then decomposed the memory data by valence. Unlike with
the immediate recall data, the association between recent life
stress exposure and delayed recall was significantly greater
for neutral words than for negative words (t (132) ¼ 2.02,
p ¼ .04; see Figure 2). Specifically, participants with greater
recent life stress exposure had worse delayed proportion of
immediate recall for neutral words (r ¼ .22, p ¼ .01), but not
negative words (r ¼ .03, p ¼ .77), indicating that participants
with greater recent life stress exposure prior to learning forgot more neutral words over a two-week delay than participants with less recent life stress exposure; forgetting of
learned negative words, however, was unaffected by recent
life stress exposure. These results were largely the same while
controlling for participants age, sex and negative affect during learning. Namely, associations between recent life stress
and the delayed proportion of immediate recall for neutral
words remained significant (b ¼ .22, p ¼ .04, DR2 ¼ .032),
while the delayed proportion of immediate recall for negative
words remained nonsignificant (b ¼ .06, p ¼ .57, DR2 ¼ .003);
however, the delayed proportion of immediate recall for all
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Figure 1. Association between recent life stress exposure and memory recall after a 1 min distractor task. Greater recent life stress was associated with poorer immediate recall of neutral words (left panel) and negative words (right panel). Moreover, these associations were robust while controlling for participants’ age, sex, and
negative affect assessed shortly before learning.

Figure 2. Association between recent life stress exposure and the proportion of words recalled during immediate recall at the delayed recall task. These scores indicate the forgetting of learned words, with higher scores indicating less forgetting (and a score of 1 indicating the same number of words recalled at the immediate
and delayed tests). Greater recent life stress was associated with forgetting more neutral words (left panel), but not negative words (right panel). Moreover, these
associations were robust while controlling for participants’ age, sex, and negative affect assessed shortly before learning.

words was no longer significant (b ¼ .19, p ¼ .08,
DR2 ¼ .024).
It is possible that these associations between recent life
stress exposure and memory were observed due to the fact
that people with greater recent life stress experience more
stressors in general (i.e. as opposed to just over the past two
weeks). To examine this possibility, we assessed recent life
stress exposure two weeks later (after completing the delayed
recall) using the same measure that was administered prior
to learning (i.e. the Daily STRAIN). If the associations were
driven by greater life stress in general, as opposed to greater
recent life stress prior to learning, then life stress exposure

measured two weeks after learning should also be associated
with immediate recall, even though it was measured after
immediate recall had finished. However, these analyses
revealed that recent life stress measured two weeks after
learning was unrelated to participants total immediate recall,
immediate recall of negative words and immediate recall of
neutral words (jrsj < .10, ps > .29). Similarly, recent life stress
measured two weeks after learning was unrelated to participants proportion delayed recall of immediate recall for all
words, neutral words only, and negative words only
(jrsj < .15, ps > .09) and the magnitude of these associations
became weaker while controlling for recent life stress prior to
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Figure 3. Association between recent life stress exposure and working memory
accuracy (hits minus false alarms). Greater recent life stress exposure was associated with poorer working memory accuracy, and this association was robust
while controlling for participants’ age, sex, and negative affect assessed shortly
before the working memory task.

learning (ps > .49). Therefore, it appears as though recent life
stress measured prior to learning, rather than greater stress
exposure in general, is most predictive of both poorer learning and greater forgetting in long-term memory.

Working memory
We also examined the association between recent life stress
and working memory accuracy, calculated as hits minus false
alarms in the n-back task. As shown in Figure 3, greater recent
life stress exposure was associated with worse working memory accuracy (r ¼ .19, p ¼ .02) and this association remained
significant while controlling for age, sex and current negative
affect (b ¼ .28, t (133) ¼ 2.77, p ¼ .007, DR2 ¼ .054).
Consistent with the analytic strategy described above, we
examined the association between recent life stress exposure
measured two weeks after working memory assessment to
ensure that the association observed was not simply due to
individuals experiencing more life stress in general (i.e. as
opposed to just over the past two weeks). However, recent
life stress measured two weeks after working memory testing
was not significantly related to working memory (r ¼ .16,
p ¼ .07) and the magnitude of this association became substantially weaker after controlling for recent life stress exposure measured prior to working memory testing (p ¼ .88).
Therefore, it appears as though the association between
recent life stress exposure and working memory is not due to
individuals experiencing more life stress in general.
Self-reported memory
We also examined the association between recent life stress
and participants self-reported memory problems, as indexed
by scores on the EMQ-R. As hypothesized, the association
between recent life stress exposure and self-reported memory
problems was significant (r ¼ .48, p < .001), indicating that
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people with more recent life stress exposure had more selfreported memory problems. This association remained significant when controlling for age, sex and negative affect
(b ¼ .51, t (137) ¼ 5.69, p < .001, DR2 ¼ .179).
Again, consistent with the analytic strategy employed
above, we examined the association between recent life
stress exposure measured two weeks after the self-report
assessment of memory to ensure that the association
between recent life stress exposure and self-reported memory
was not simply due to individuals experiencing more life
stress in general. Although recent life stress measured two
weeks after self-reports of memory was associated with selfreported memory (r ¼ .26, p ¼ .002), this associations was no
longer significant when controlling for recent life stress
exposure measured immediately prior to self-reports of memory (p ¼ .25). Therefore, it appears that the association
between recent life stress exposure and self-reported memory
was largely due to participants experiencing more recent life
stress and not to them experiencing a greater amount of life
stress in general.

Secondary analyses
To ensure that the results observed were robust to outliers and
correction to a normal distribution, we log transformed variables (adding 1.0 to variables containing scores that included
zero) for which the D’Agostino test for skewness indicated significant skew (i.e. Daily STRAIN; immediate recall of neutral
words; and proportion of immediate recall at delayed recall for
all words, neutral words, and negative words). Then, we
removed cases that were greater in absolute value than two
standard deviations ± the mean on the Daily STRAIN. Five cases
were identified as outliers and therefore removed.
After applying these changes, recent life stress (i.e. logtransformed Daily STRAIN scores) remained a significant
predictor of immediate recall of all words (p ¼ .003), log-transformed immediate recall of neutral words (p ¼ .001), immediate recall of negative words (p ¼ .05), log-transformed
delayed proportion of immediate recall of all words (p ¼ .05)
and log-transformed delayed proportion of immediate recall
of neutral words (p ¼ .004), but not of working memory
accuracy (p ¼ .08) or log-transformed delayed proportion of
immediate recall of negative words (p ¼ .83). Including covariates (i.e. age, sex, and current negative affect) modified these
results slightly. Namely, recent life stress became a significant
predictor of working memory accuracy (p ¼ .04), but it was
no longer a significant predictor of immediate recall of negative words (p ¼ .10). Broadly speaking, these analyses reveal
that the obtained results were largely robust to outliers and
non-normal data distribution.

Discussion
Although many studies have shown that acute and chronic
stress impact memory (Conrad, 2010; Evans & Fuller-Rowell,
2013; Goldfarb, Shields, Daw, Slavich, & Phelps, 2017;
McCullough & Yonelinas, 2013; Peavy et al., 2009; Richards &
€nfeld, Ackermann, & Schwabe, 2014;
Wadsworth, 2004; Scho
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Schwabe & Wolf, 2010; Shields et al., 2017; Zalosnik, Pollano,
Trujillo, Suarez, & Durando, 2014; Zoladz et al., 2015), relatively little is known about how recent life stress is related to
memory (c.f. Potter et al., 2009; Rickenbach et al., 2014). To
address this important issue, we assessed recent life stress
exposure with a newly-developed measure, called the Daily
STRAIN—which was found to be a strong predictor of recent
physical and mental health problems—and subsequently
examined associations between recent life stress and performance-based and self-report measures of memory.
Consistent with hypotheses, we found that greater recent life
stress exposure was associated with worse working memory
and long-term memory performance over a two-week delay,
in addition to more self-reported memory problems. These
results are consistent with prior research showing that
chronic stress impairs memory performance (Conrad, 2010;
Peavy et al., 2009). In addition, the results indicate that recent
life stress not only impairs the retrieval of learned information—as evidenced by an inverse association of recent life
stress with the proportion of immediate recall remembered
at delayed free recall—but that it also impairs actual learning
of new information, as shown by an inverse association
between recent life stress and immediate recall. In sum,
therefore, these data are the first to demonstrate an association between recent life stress exposure and long-term
memory performance, which may in turn provide researchers
with a preliminary description of the specific phases of memory that are impacted by recent life stress.
To our knowledge, only two prior studies have examined
associations between recent life stress and self-reported
memory (Potter et al., 2009; Rickenbach et al., 2014), but
these two studies reported differing results. Whereas
Rickenbach and colleagues—who assessed daily stress—
found an inverse association between stress and self-reported
memory, Potter and colleagues—who assessed stressful life
events over the preceding three years—found no association
between stress and self-reported memory. In the present
study, we found a significant association between recent life
stress exposure and memory, with stress exposure being
indexed as the total number of stressful life events and
chronic difficulties that participants experienced over the preceding two weeks. These results may thus help clarify the
mixed findings obtained by prior studies by suggesting that
life stress may be more strongly associated with self-reported
memory when the stressors occur in closer temporal proximity to the self-reported assessment of memory. The importance of the timing of recent life stress exposure relative to
computer-based assessments of memory (as opposed to selfreported memory difficulties), however, remains unknown.
Although we measured self-reported exposure to recent
life stress, the present results are in general agreement with
prior studies that have examined associations between perceived stress and memory (Aggarwal et al., 2014; Ezzati et al.,
2014; Potter et al., 2009). These studies have generally found
that greater perceived stress is associated with worse selfreported (Potter et al., 2009) and long-term memory performance (Aggarwal et al., 2014; Ezzati et al., 2014). It should be
noted, though, that despite a similar strength of association
with self-reported memory (Potter et al., 2009), reported

associations between recent perceived stress and long-term
memory performance (Aggarwal et al., 2014; Ezzati et al.,
2014) were weaker than the associations between recent life
stress exposure and long-term memory performance that we
observed in this study. Therefore, despite the general agreement in findings, recent life stress exposure may be a stronger predictor of memory than perceived stress.
Assessing recent life stress exposure, rather than perceived
stress severity, raises a number of other important considerations. For example, measures of recent life stress exposure
are relatively less biased by personality factors than measures
of perceived stress, given that measures of general perceived
stress severity are heavily influenced by personality factors
such as neuroticism (Ebstrup, Eplov, Pisinger, & Jørgensen,
2011; Monroe, 2008). Although still subject to interpretational
biases, self-report measures of recent life stress require individuals to focus on discrete life events and difficulties that
are more objective in nature as compared to general reports
of overall perceived stress burden (Monroe, 2008).
Nonetheless, self-reports of exposure present with their
own drawbacks. For example, different people who have
experienced the same stressor may interpret the meaning of
the stressor question in different ways, leading them to in
turn provide different answers about their experience with
the stressor (Dohrenwend, 2006). Therefore, although the
measure of recent life stress that we employed here has
advantages over measures of perceived stress, care should be
taken in interpreting the results. Alternative methods for
assessing recent life stress exposure, such as experience sampling, are an attractive option for addressing this issue, but
such methods also have drawbacks as they are much more
resource-intensive and costly. Self-report measures of recent
stress exposure thus provide a reliable and economically
viable strategy for assessing recent stress exposure, especially
when such instruments have been validated against several
different outcomes (e.g. long-term, working, and self-reported
memory, as well as poor physical and mental health) as is the
case with the Daily STRAIN.

Limitations and future directions
The present results should be interpreted in light of several
limitations. First, all data collection was conducted online and
it is possible that some participants could have been distracted while completing the study. Because it is unlikely that
these distractions were systematically related to participants
recent life stress exposure, however, these effects could have
contributed to measurement error and thus weakened the
associations observed but they are unlikely to have substantially altered the basic nature and pattern of the results.
Similarly, it is possible that some participants could have written the memory task words down during the encoding phase
of the task, but this is unlikely given the memory scores
observed. In fact, only five participants recalled all 16 words
at the immediate recall test and no participants recalled all
16 words at the delayed recall test. In addition, even if participants had written down the words, we know of no reason to
expect that the choice to write down the words would have
been systematically related to recent life stress exposure.
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Second, the design of this study was correlational and as
such, it is not possible to determine whether recent life stress
causes memory impairments or is merely associated with them.
Alternatively, memory impairments could contribute to the
generation of life stress. It is possible, for example, that worse
memory leads to forgetting important social and work-related
obligations, resulting in fights with upset friends and negative
work-related outcomes. Of course, a third factor could be influencing both recent life stress and memory performance, producing the observed associations without any direct causal link
between recent life stress and memory. Experimental studies
that manipulate life stress and assess its effects on memory are
important for adjudicating between these possibilities, and we
believe that the present data provide important information
that can help inform the design of such studies.
Third, although we conducted analyses to address the
question of whether observed associations were due to people with more recent life stress simply experiencing more
stress in general (i.e. as opposed to just over the past two
weeks), we cannot completely rule out the possibility that
stress occurring outside this two-week time period influenced
memory. To address this issue, future studies will need to directly manipulate recent life stress or assess cumulative lifetime stress exposure.
Fourth, performance at the delayed recall test was low.
Although over two-thirds of individuals recalled at least one
word, floor effects may have altered the results. Nonetheless,
recent life stress does seem to be associated with greater forgetting rates of neutral materials at least when a memory
trace is weak, as was the case in the present data (see also
Smith, Floerke, & Thomas, 2016).
Fifth, the effects observed in this study were relatively
weak by conventional standards. This could have been due
to several things, including the study design, the fact that
the recent stress assessment window was limited to very
recent stressors (i.e. two weeks opposed to slightly longer or
much longer assessment windows), or the types of memory
tasks used. It is also possible that associations of memory
with recent life stress are simply weaker than associations of
memory with other variables. Future research is needed to
investigate these possibilities.
Sixth, the generalizability of these results to other tasks
and populations is unclear. For example, we did not assess
these associations in individuals suffering from depression,
and these individuals may have shown a different strength of
association than nondepressed individuals. Similarly, whether
recent life stress might be related to tests of other cognitive
processes—such as response inhibition or cognitive flexibility—is unknown, as is whether the observed associations
between recent life stress and memory would generalize to
different types of memory tasks, such as recall of images or
recognition. Finally, the sex and race distribution in this sample was not representative of the broader US population.
Although neither race nor sex interacted with recent life
stress exposure to predict any of the outcomes studied (data
not shown), future research is needed to replicate and extend
the present findings in samples that are more representative
of the US population, as well as populations in other countries (Henrich, Heine, & Norenzayan, 2010).
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Despite these limitations, the present study has produced
novel data linking recent life stress exposure and memory and
thereby highlighted new avenues for future research. For
example, the biological correlates of the associations documented remain unknown and examining such processes represents an important focus of future research. Similarly, as
alluded to above, additional studies should aim to extend
these results by examining the full range of cognitive processes
that may be related to or affected by recent life stress exposure. We have shown here that recent life stress exposure is
associated with several processes involved in memory, but it is
likely that recent life stress exerts effects on cognition that
extend beyond memory and additional studies employing different cognitive tasks are needed to investigate these issues.

Conclusions
In conclusion, although acute and chronic stress have received
substantial attention in stress research (Juster, McEwen, &
Lupien, 2010; Lennartsson, Kushnir, Bergquist, Billig, &
Jonsdottir, 2012; Maninger, Capitanio, Mason, Ruys, &
Mendoza, 2010; Miller, Cohen, & Ritchey, 2002; Shields,
Kuchenbecker, Pressman, Sumida, & Slavich, 2016; Shields
€w, &
et al., 2017; Soares et al., 2012; Weymar, Schwabe, Lo
Hamm, 2012), relatively little is known about how recent life
stress influences memory. We found that greater recent life
stress exposure was associated with poorer long-term, working,
and self-reported memory, as well as worse self-reported
health, in a diverse sample of young adults. Moreover, these
associations were relatively robust while controlling for possible confounding factors and they were not accounted for by
more general life stress exposure, which was assessed by readministering the life stress measure two weeks following the
baseline memory tasks. Future research is needed to replicate
these findings in other populations and to extend the findings
to other aspects of human cognition, health, and behavior.

Disclosure statement
The authors declare no conflicts of interest.

Funding
This research was supported by National Eye Institute grant EY025999 to
Andrew Yonelinas and by a Society in Science—Branco Weiss Fellowship,
NARSAD Young Investigator Grant #23958 from the Brain and Behavior
Research Foundation, and National Institutes of Health grant K08
MH103443 to George M. Slavich.

ORCID
Grant S. Shields
http://orcid.org/0000-0002-0827-4669
http://orcid.org/0000-0001-5710-3818
George M. Slavich

References
Aggarwal, N.T., Wilson, R.S., Beck, T.L., Rajan, K.B., Mendes de Leon, C.F.,
Evans, D.A., & Everson-Rose, S.A. (2014). Perceived stress and change
in cognitive function among adults 65 years and older. Psychosomatic
Medicine, 76, 80–85. doi:10.1097/PSY.0000000000000016

606

G. S. SHIELDS ET AL.

Brougham, R.R., Zail, C.M., Mendoza, C.M., & Miller, J.R. (2009). Stress, sex
differences, and coping strategies among college students. Current
Psychology, 28, 85–97. doi:10.1007/s12144-009-9047-0
Brysbaert, M., & New, B. (2009). Moving beyond Kucera and Francis: A
critical evaluation of current word frequency norms and the introduction of a new and improved word frequency measure for American
English. Behavior Research Methods, 41, 977–990. doi:10.3758/
BRM.41.4.977
Cahill, L., Gorski, L., & Le, K. (2003). Enhanced human memory consolidation with post-learning stress: Interaction with the degree of
arousal at encoding. Learning & Memory, 10, 270–274. doi:10.1101/
lm.62403
Conrad, C.D. (2010). A critical review of chronic stress effects on spatial
learning and memory. Progress in Neuro-Psychopharmacology and
Biological Psychiatry, 34, 742–755. doi:10.1016/j.pnpbp.2009.11.003
de Leeuw, J.R. (2015). jsPsych: A JavaScript library for creating behavioral
experiments in a web browser. Behavior Research Methods, 47, 1–12.
doi:10.3758/s13428-014-0458-y
Diamond, A. (2013). Executive functions. Annual Review of Psychology, 64,
135–168. doi:10.1146/annurev-psych-113011-143750
Dohrenwend, B.P. (2006). Inventorying stressful life events as risk factors
for psychopathology: Toward resolution of the problem of intracategory variability. Psychological Bulletin, 132, 477–495. doi:10.1037/00332909.132.3.477
Ebstrup, J.F., Eplov, L.F., Pisinger, C., & Jørgensen, T. (2011). Association
between the five factor personality traits and perceived stress: Is the
effect mediated by general self-efficacy? Anxiety, Stress, & Coping, 24,
407–419. doi:10.1080/10615806.2010.540012
Evans, G.W., & Fuller-Rowell, T.E. (2013). Childhood poverty, chronic stress,
and young adult working memory: The protective role of self-regulatory capacity. Developmental Science, 16, 688–696. doi:10.1111/
desc.12082
Ezzati, A., Jiang, J., Katz, M.J., Sliwinski, M.J., Zimmerman, M.E., & Lipton,
R.B. (2014). Validation of the Perceived Stress Scale in a community
sample of older adults. International Journal of Geriatric Psychiatry, 29,
645–652. doi:10.1002/gps.4049
Gagnon, S.A., & Wagner, A.D. (2016). Acute stress and episodic memory
retrieval: Neurobiological mechanisms and behavioral consequences.
Annals of the New York Academy of Sciences, 1369, 55–75. doi:10.1111/
nyas.12996
Goldfarb, E.V., Shields, G.S., Daw, N.D., Slavich, G.M., & Phelps, E.A. (2017).
Low lifetime stress exposure is associated with reduced stimulus–response memory. Learning & Memory, 24, 162–168. doi:10.1101/
LM.045179.117
Henckens, M.J.A.G., van Wingen, G.A., Joels, M., & Fernandez, G. (2011).
Time-dependent corticosteroid modulation of prefrontal working
memory processing. Proceedings of the National Academy of Sciences
of the United States of America, 108, 5801–5806. doi:10.1073/
pnas.1019128108
Henrich, J., Heine, S.J., & Norenzayan, A. (2010). Most people are not
WEIRD. Nature, 466, 29. doi:10.1017/S0140525X0999152X
Juster, R. P., McEwen, B.S., & Lupien, S.J. (2010). Allostatic load biomarkers of chronic stress and impact on health and cognition.
Neuroscience & Biobehavioral Reviews, 35, 2–16. doi:10.1016/
j.neubiorev.2009.10.002
Kessler, R. C., Andrews, G., Colpe, L. J., Hiripi, E., Mroczek, D. K., Normand,
S. L. T., … Walters, E. E. (2002). Short screening scales to monitor
population prevalences and trends in non-specific psychological distress.
Psychological
Medicine,
32,
959–976.
doi:10.1017/
S0033291702006074
Lennartsson, A. K., Kushnir, M.M., Bergquist, J., Billig, H., & Jonsdottir, I.H.
(2012). Sex steroid levels temporarily increase in response to acute
psychosocial stress in healthy men and women. International Journal
of Psychophysiology, 84, 246–253. doi:10.1016/j.ijpsycho.2012.03.001
Maheu, F.S., Collicutt, P., Kornik, R., Moszkowski, R., & Lupien, S.J. (2005).
The perfect time to be stressed: A differential modulation of human
memory by stress applied in the morning or in the afternoon. Progress
in Neuro-Psychopharmacology & Biological Psychiatry, 29, 1281–1288.
doi:10.1016/j.pnpbp.2005.08.012

Maninger, N., Capitanio, J.P., Mason, W.A., Ruys, J.D., & Mendoza, S.P.
(2010). Acute and chronic stress increase DHEAS concentrations in rhesus monkeys. Psychoneuroendocrinology, 35, 1055–1062. doi:10.1016/
j.psyneuen.2010.01.006
McCullough, A.M., & Yonelinas, A.P. (2013). Cold-pressor stress after learning enhances familiarity-based recognition memory in men.
Neurobiology of Learning and Memory, 106, 11–17. doi:10.1016/
j.nlm.2013.06.011
Miller, G.E., Cohen, S., & Ritchey, A.K. (2002). Chronic psychological stress
and the regulation of pro-inflammatory cytokines: A glucocorticoidresistance model. Health Psychology, 21, 531–541. doi:10.1037//02786133.21.6.531
Monroe, S.M. (2008). Modern approaches to conceptualizing and measuring human life stress. Annual Review of Clinical Psychology, 4, 33–52.
doi:10.1146/annurev.clinpsy.4.022007.141207
Peavy, G.M., Salmon, D.P., Jacobson, M.W., Hervey, A., Gamst, A.C., …
Wolfson, T. (2009). Effects of chronic stress on memory decline in cognitively normal and mildly impaired older adults. American Journal of
Psychiatry, 166, 1384–1391. doi:10.1176/appi.ajp.2009.09040461
Potter, G.G., Hartman, M., & Ward, T. (2009). Perceived stress and everyday memory complaints among older adult women. Anxiety, Stress, &
Coping, 22, 475–481. doi:10.1080/10615800802449610
Qin, S., Hermans, E.J., van Marle, H.J.F., Luo, J., & Fernandez, G. (2009).
Acute psychological stress reduces working memory-related activity in
the dorsolateral prefrontal cortex. Biological Psychiatry, 66, 25–32.
doi:10.1016/j.biopsych.2009.03.006
Richards, M., & Wadsworth, M.E.J. (2004). Long term effects of early
adversity on cognitive function. Archives of Disease in Childhood, 89,
922–927. doi:10.1136/adc.2003.032490
Rickenbach, E.H., Almeida, D.M., Seeman, T.E., & Lachman, M.E. (2014).
Daily stress magnifies the association between cognitive decline and
everyday memory problems: An integration of longitudinal and diary
methods. Psychology and Aging, 29, 852–862. doi:10.1037/a0038072
Royle, J., & Lincoln, N.B. (2008). The Everyday Memory Questionnaire –
revised: Development of a 13-item scale. Disability and Rehabilitation,
30, 114–121. doi:10.1080/09638280701223876
Schat, A.C.H., Kelloway, E.K., & Desmarais, S. (2005). The Physical Health
Questionnaire (PHQ): Construct validation of a self-report scale of somatic symptoms. Journal of Occupational Health Psychology, 10, 363–381.
doi:10.1037/1076-8998.10.4.363
€nfeld, P., Ackermann, K., & Schwabe, L. (2014). Remembering under
Scho
stress: Different roles of autonomic arousal and glucocorticoids in
memory retrieval. Psychoneuroendocrinology, 39, 249–256. doi:10.1016/
j.psyneuen.2013.09.020
Schoofs, D., Preub, D., & Wolf, O.T. (2008). Psychosocial stress induces
working
memory
impairments
in
an
n-back
paradigm.
Psychoneuroendocrinology,
33,
643–653.
doi:10.1016/
j.psyneuen.2008.02.004
Schwabe, L., & Wolf, O.T. (2010). Learning under stress impairs memory
formation. Neurobiology of Learning and Memory, 93, 183–188.
doi:10.1016/j.nlm.2009.09.009
Shields, G.S., Kuchenbecker, S.Y., Pressman, S.D., Sumida, K.D., & Slavich,
G.M. (2016). Better cognitive control of emotional information is associated with reduced pro-inflammatory cytokine reactivity to emotional
stress. Stress, 19, 63–68. doi:10.3109/10253890.2015.1121983
Shields, G.S., Sazma, M.A., McCullough, A.M., & Yonelinas, A.P. (2017). The
effects of acute stress on episodic memory: A meta-analysis and integrative review. Psychological Bulletin, 143, 636–675. doi:10.1037/
bul0000100
Shields, G.S., Sazma, M.A., & Yonelinas, A.P. (2016). The effects of acute
stress on core executive functions: A meta-analysis and comparison
with effects of cortisol. Neuroscience & Biobehavioral Reviews, 68,
651–688. doi:10.1016/j.neubiorev.2016.06.038
Slavich, G.M., & Toussaint, L. (2014). Using the stress and adversity inventory as a teaching tool leads to significant learning gains in two
courses on stress and health. Stress and Health, 30, 343–352.
doi:10.1002/smi.2523
Smith, A.M., Floerke, V.A., & Thomas, A.K. (2016). Retrieval practice protects memory against acute stress. Science, 354, 1046–1048.
doi:10.1126/science.aah5067

STRESS

Soares, J.M., Sampaio, A., Ferreira, L.M., Santos, N.C., Marques, F., …
Palha, J.A (2012). Stress-induced changes in human decision-making
are reversible. Translational Psychiatry, 2, e131. doi:10.1038/tp.2012.59
Stawski, R.S., Sliwinski, M.J., Almeida, D.M., & Smyth, J.M. (2008). Reported
exposure and emotional reactivity to daily stressors: The roles of adult
age and global perceived stress. Psychology and Aging, 23, 52–61.
doi:10.1037/0882-7974.23.1.52
Toussaint, L., Shields, G.S., Dorn, G., & Slavich, G.M. (2016). Effects of lifetime stress exposure on mental and physical health in young adulthood: How stress degrades and forgiveness protects health. Journal of
Health Psychology, 21, 1004–1014. doi:10.1177/1359105314544132
Warriner, A.B., Kuperman, V., & Brysbaert, M. (2013). Norms of valence,
arousal, and dominance for 13,915 English lemmas. Behavior Research
Methods, 45, 1191–1207. doi:10.3758/s13428-012-0314-x
Watson, D., & Clark, L. (1999). The PANAS-X: Manual for the Positive
and Negative Affect Schedule–Expanded Form. Iowa Research, 277,
1–27. doi:10.1111/j.1742-4658.2010.07754.x
Watson, D., & Pennebaker, J.W. (1989). Health complaints, stress, and distress: Exploring the central role of negative affectivity. Psychological
Review, 96, 234–254. doi:10.1037/0033-295X.96.2.234
€w, A., & Hamm, A.O. (2012). Stress sensitizes
Weymar, M., Schwabe, L., Lo
the brain: Increased processing of unpleasant pictures after exposure
to acute stress. Journal of Cognitive Neuroscience, 24, 1511–1518.
doi:10.1162/jocn_a_00174
Wiemers, U.S., Sauvage, M.M., Schoofs, D., Hamacher-Dang, T.C., & Wolf,
O.T. (2013). What we remember from a stressful episode.
Psychoneuroendocrinology,
38,
2268–2277.
doi:10.1016/
j.psyneuen.2013.04.015
Zalosnik, M.I., Pollano, A., Trujillo, V., Suarez, M.M., & Durando, P.E. (2014).
Effect of maternal separation and chronic stress on hippocampaldependent memory in young adult rats: Evidence for the match-mismatch
hypothesis.
Stress,
17,
445–450.
doi:10.3109/
10253890.2014.936005
Zoladz, P.R., Peters, D.M., Cadle, C.E., Kalchik, A.E., Aufdenkampe, R.L., …
Dailey, A.M (2015). Post-learning stress enhances long-term memory
and differentially influences memory in females depending on menstrual stage. Acta Psychologica, 160, 127–133. doi:10.1016/
j.actpsy.2015.07.008

607

Appendix
Stress and Adversity Inventory for Daily Stress
(Daily STRAIN)
Over the past two weeks, how many times …
… were you unable to do or buy things that you wanted?
… did you fail, or do poorly on, a test or major project in an important class (e.g., grade of C or less)? 
… did you feel overwhelmed or exhausted because you were studying for long periods of time? 
… did you not have enough time to study or complete assignments? 
… did you fight or argue with someone you care about (e.g., friend,
family member or significant other)?
… did you do something you didn’t want to do to make someone
happy or accept you?
… were you ignored by someone you care about?
… were you criticized, insulted, or made fun of by someone you care
about?
… did you stop talking to someone you care about because you
were fighting?
… did your friends get together to do something fun without inviting
you?
… did you want a best friend or romantic partner but did not have
one?
… did an important friendship or romantic relationship end with you
and someone else?
… did you feel uncomfortable or discriminated against because of
your race, ethnicity, gender, sexual orientation, or religious beliefs?
… did you get sick or have a medical issue?
… did you have problems with your apartment, house, or those living
with you (i.e., your roommates)?
… did you feel concerned for the health of someone you care about?
… did you have problems at work (e.g., didn’t get the schedule that
you requested, couldn’t find someone to fill in for you, etc.)?
Response Scale
0 1 2 3 4 5þ
included to cover college-related stressors.

