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Abstract
Objectives:  The aim of this study was to examine the association between stress anticipated for the upcoming day and cog-
nitive function later on that day, and how this relationship differed across age.
Method:  A diverse adult community sample (N  =  240, age 25–65  years) completed ecological momentary assessment 
(EMA) reports for 2 weeks on a smartphone; each day they completed a morning survey upon waking, beeped surveys at 
five times during a day, and an end-of-day survey. Morning and end-of-day surveys included questions to measure stress 
anticipation, and each beeped survey included measures of stressful events, followed by a spatial working memory (WM) 
task.
Results:  Results from multilevel models indicated that stress anticipation reported upon waking, but not on the previous 
night, was associated with deficit in WM performance later that day; importantly, this effect was over and above the effect 
of EMA-reported stress. The detrimental effect of stress anticipation upon waking was invariant across age.
Discussion:  These findings suggest that anticipatory processes can produce harmful effects on cognitive functioning that 
are independent of everyday stress experiences. This may identify an important avenue to mitigate everyday cognitive lapses 
among older adults.

Keywords:   Anticipating stress, Cognition, Working memory

Everyday stress, even if relatively minor, can have dele-
terious effects on cognitive function (Sliwinski, Smyth, 
Hofer, & Stawski, 2006). Most research on everyday 
stress has focused on identifying, typically by self-report, 
events that have happened in the recent past (often the 
same day) and linking those events to current emotions, 
physical symptoms, and cognitive function. This focus 
on past events ignores an alternative way in which stress 
manifests in everyday life—anticipation. Although sev-
eral laboratory studies have examined the role that 
anticipation of stress plays on cognitive function (e.g., 

Cain, Dunsmoor, LaBar, & Mitroff, 2011; Starcke, Wolf, 
Markowitsch, & Brand, 2008), little evidence exists 
regarding whether anticipatory stress is linked to cog-
nition in everyday life. Further, identifying factors that 
influence cognition in real life contexts is especially 
important among older adults, who already experience 
age-related cognitive decline, to prevent from further 
lapses and slips. The overall aim of present study is to 
examine whether anticipation of stress for a day is asso-
ciated with cognition on that day and to examine age 
differences therein.
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Stress Anticipation and Cognition
There are a number of laboratory studies that have tested 
the effect of anticipatory stress on cognition. In those 
studies, anticipatory stress, triggered by informing partici-
pants to prepare for public speaking (Lupien et al., 1997; 
Preston, Buchanan, Stansfield, & Bechara, 2007; Starcke, 
Ludwig, & Brand, 2012; Starcke et al., 2008), a naturalis-
tic acute stressor (helicopter underwater evacuation train-
ing; Robinson, Sünram-Lea, Leach, & Owen-Lynch, 2008), 
or providing cues for electronic shocks (Cain et al., 2011), 
was followed by assessing cognitive performance. Although 
most of the studies have observed deleterious effects of 
anticipatory stress on attention (Cain et al., 2011), declara-
tive memory (Lupien et al., 1997), decision making (Preston 
et al., 2007; Simonovic, Stupple, Gale, & Sheffield, 2017; 
Starcke et al., 2008), and moral judgment (Starcke et al., 
2012), cognitive performance measured in the artificial, 
standard testing environments may not have ecological 
validity to reflect cognitive function in naturalistic settings. 
Intensive repeated measurement designs such as daily dia-
ries and ecological momentary assessment (EMA) assess 
participants in naturalistic contexts in their daily lives with 
fewer biases such as evaluative threats that may arise from 
laboratory settings (Sliwinski et al., 2018; Timmers et al., 
2014). Moreover, repeated sampling of situations allows 
exploring dynamic links between cognitive performance 
and time-varying stress processes (Allard et  al., 2014). 
Thus, translating a laboratory cognitive test into an ambu-
latory format (i.e., smartphone test) in EMA would allow 
to measure memory function (e.g., failures, difficulties) in 
the context of everyday life. However, there is little empiri-
cal work that has examined the link between anticipatory 
stress and cognitive impairment in everyday life.

Several studies have demonstrated associations 
between everyday stress and cognition (Neupert, Almeida, 
Mroczek, & Spiro III, 2006; Rickenbach, Almeida, 
Seeman, & Lachman, 2014; Sliwinski et  al., 2006) but, 
as noted above, very few have examined anticipatory 
stress processes and cognitive function. Neupert and col-
leagues (2016) examined how subjective memory fail-
ures on a current day were associated with the previous 
night’s anticipatory coping for potential upcoming stress. 
They found that a coping form typically considered mal-
adaptive (i.e., stagnant deliberation) was associated with 
fewer self-reported memory failures in response to stress-
ful events the next day. In moving to in situ experiences 
in daily life to capture ecologically valid processes, it is 
more difficult to capture objective measures of cognition, 
although doing so would help better explicate the link 
between anticipation and cognition. We are unaware of 
any research to date that has examined whether everyday 
stress processes prior to stressful events occur are associ-
ated with objective cognitive performance; given recent 
developments in the ambulatory and momentary assess-
ment of cognition (Sliwinski et al., 2018), such approaches 
are now feasible and reliable.

There are different ways to conceptualize and operation-
alize anticipatory stress processes: stressor forecasting and 
stress anticipation. In lab studies, people are often told in 
concrete terms about a stressful event that will happen at a 
specified time (e.g., during their lab visit) and then perform 
cognitive tasks during a time in which they are anticipating 
the (imminent) event. In naturalistic studies, anticipatory 
stress has been measured by self-reports obtained at the end 
of the day that asked about the perceived likelihood that 
specific types of stressful events would happen tomorrow 
(Neupert et  al., 2016). These types of anticipatory stress 
forecast whether actual stressful events would occur within 
limited time (e.g., several hours, day) and we operationalize 
them as stressor forecasting. In contrast to the anticipation 
of future events, stress anticipation involves making predic-
tions about potential affective and cognitive consequences 
(i.e., feeling stressed) (see Neupert, Neubauer, Scott, Hyun, 
& Sliwinski, 2018 for details about conceptual frame-
work). In the present study, we used the latter term “stress 
anticipation” and operationalize it by asking the extent 
to which a person expects to experience stress during the 
upcoming day.

The first aim of the present study was to examine the 
association between stress anticipation for the upcoming 
day and working memory (WM) performance assessed 
during that day, in naturalistic settings. One theoretical 
account to support the link between stress anticipation 
and WM impairment is attention-depletion hypothesis 
(Scott et  al., 2015; Sliwinski et  al., 2006). It posits that 
stress-related thinking and/or coping efforts deplete the 
amount of attentional resources available for information 
processing, resulting in short-term decrements in cogni-
tive performance. This view predicts that stress would 
impair attention-demanding cognitive performance that 
requires effortful or controlled processing, such as WM 
tasks (Hasher, Zacks, & May, 1999; Klein & Boals, 2001; 
Sliwinski et al., 2006). Stress anticipation may also trigger 
stress-related thinking and/or coping efforts prior to stress-
ful events happen, which may occupy attentional resources 
and produce interference effect for cognitive tasks that 
place heavy demands on attentional control. This line of 
reasoning leads to our first hypothesis, which predicts that 
higher levels of daily stress anticipation for the upcoming 
day would be associated with impairment on subsequent 
WM performance (Hypothesis 1).

Age, Anticipation, and Cognition
A number of findings from both cross-sectional and lon-
gitudinal studies have shown age-related decrease in WM 
capacity (e.g., Park et al., 2002; Wingfield, Stine, Lahar, & 
Aberdeen, 1988). One explanation for this is a diminished 
capacity among older adults in inhibiting irrelevant, off-task 
information (Gazzaley, Cooney, Rissman, & D’esposito, 
2005; Hasher et al., 1999). Stress-related thinking would 
be one type of information that individuals need to inhibit 
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to perform goal-driven tasks at the current moment, such 
as performing a cognitive test. Wrzus and colleagues (2015) 
found that such stress-related ideation, after a stressful 
event occurred, had more detrimental effects among older 
compared to younger adults. Considering inhibitory defi-
ciency and diminished attentional resources among older 
adults, it is thus plausible that older adults could be more 
affected by stress-related preoccupation prior to the occur-
rence of a stressful event. As such, the second goal of the 
current study was to examine whether the effect of stress 
anticipation varies across age (i.e., stress anticipation × age 
interaction). We hypothesized that WM performance of 
older adults would be more impaired by stress anticipation 
than that of younger adults (Hypothesis 2).

To evaluate our hypotheses, we adopted a 14-day EMA 
protocol that includes a morning survey upon waking, 
beeped surveys at five quasi-random times during a day, and 
a bedtime survey at the end of each day. Stress anticipation 
was assessed at two timepoints: in the morning (“Overall, 
how stressful do you expect today will be?”) and on the 
prior evening (“Overall, how stressful do you expect tomor-
row will be?”). Spatial WM tasks were performed at five 
times during the day immediately following participants’ 
subjective reports of stressful events and recent experiences.

Method
The data were drawn from the first wave of the longitu-
dinal Effects of Stress on Cognitive Aging, Physiology and 
Emotion (ESCAPE) study. The entire study protocol is 
described elsewhere (Scott et al., 2015); details relevant for 
the present study are provided below.

Participants

Participants were 240 adults (34% men, 66% women) from 
racially and economically diverse sample of 25–65  years 
(Mean  =  46.99) recruited using systematic probability 
sampling of New York City Registered Voter Lists for 
the zip code 10475 (Bronx, NY). Eligible participants are 
25–65  years of age, ambulatory, fluent in English, with-
out visual impairment that would interfere with operating 
the study smartphone, and resident of Bronx County. The 
sample slightly over-represents women (66% of the sample 
compared to 58% of the population), but is otherwise rep-
resentative of the area from which it is obtained (see Scott 
et al., 2018 for the detailed description of the sample).

Measures

Morning stress anticipation
Morning stress anticipation was assessed upon waking by 
asking participants “Overall, how stressful do you expect 
today will be?” to which they responded on a visual ana-
log scales slider anchored at “Not at all stressful” to “Very 
stressful”; the scale was coded from 0 to 100.

EOD stress anticipation
End-of-day (EOD) stress anticipation was assessed daily before 
going to bed by asking participants “Overall, how stressful do 
you expect tomorrow will be?” to which they responded from 
“Not at all stressful” (0) to “Very stressful” (100).

Stressful events
At each beeped survey, participants used a yes/no check-
box to answer the question: “Did anything stressful occur 
since the last survey? A stressful event is any event, even a 
minor one, which negatively affects you.” and the answer 
was scored 1 for occasions on which an event was reported 
and 0 when stressors were not reported. Stressful events 
variable indicated a total number of stressful events across 
beeped occasions in each day.

WM
To measure ambulatory WM performance, a spatial dot 
memory task was used. Participant was asked to remember 
the location of three red dots that appeared on a 5 × 5 grid. 
After 3 s, the dots and grid were removed and the distrac-
tion phase lasted for 8 s. Then an empty 5 × 5 grid reap-
peared on the screen and participants were prompted to 
recall the locations of the three dots initially presented and 
press a “Done” button after entering their responses to fin-
ish the trial. Participants completed two trials in total with 
1 s delay between trials at each assessment occasion. Error 
score was calculated with partial credit given based on 
deviations from the correct locations. Euclidean distance 
of the location of the incorrect dot to the correct grid loca-
tion was calculated, with higher scores indicating less accu-
rate placement and poorer performance (Siedlecki, 2007). 
Previous work has shown this test to be a reliable and valid 
indicator of WM (Sliwinski et al., 2018). The final depend-
ent variable was error score averaged across beeped occa-
sions within each day.

Other items
Other constructs were assessed in the morning, beeped, and 
EOD reports that were not used in this study. Please refer to 
Scott et al. (2015) for additional information.

Covariates
The following person-level covariates were collected by the 
mailed questionnaire: age was coded in years (centered at 
45); gender was coded as “male” and “female”; education 
was coded as low (“Less than high school diploma”), middle 
(“High school diploma/some college”), and high (“College 
degree or Higher”). Study day (i.e., day 1 to day 14) was 
included as a day-level covariate to model practice effects 
on cognitive tasks that might result from repeated testing.

Procedure

During recruitment, introductory letters were mailed to 
individuals from a sampling frame (obtained from the 
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Registered Voter Lists) and a research assistant phoned 
to establish eligibility, and enroll and consent interested 
persons. Participants were asked to respond to the mailed 
paper survey batteries assessing demographic and individ-
ual difference characteristics. They also visited the research 
offices to be trained on the use of study smartphone in 
which surveys for EMA were administered. The EMAs 
were administered on a Droid X which has a 4.3” display 
(480  ×  854 pixels) and a 60 Hz refresh rate. Beginning 
the next day after their lab visit, participants completed a 
2-day “run-in” phase to practice and habituate to the EMA 
protocol. Participants who completed 80% of the EMA 
surveys during the run-in were invited to the 14-day EMA 
study, resulting in 86.6% of participants obtained from the 
run-in phase.

During the 14-day EMA protocol, participants com-
pleted a brief smartphone morning survey upon waking, 
beeped surveys at five quasi-random times during a day, 
and a bedtime survey at the end of each day for 14 days. 
Upon waking, participants completed a survey about their 
previous night’s sleep and their anticipation regarding the 
day ahead. At five quasi-random times during the day, the 
smartphone produced an audible alert (“beep”) signaling 
participants to complete a survey about their recent expe-
riences and psychological states, immediately followed by 
several brief ambulatory cognitive tasks including the WM 
task. The average time between beeped assessments was 
approximately 2.5 hr. At the end of each day, participants 
completed a separate end-of-day survey that assessed antic-
ipation regarding the next day. The morning, beeped, and 
end-of-day surveys took an average of 1 min 33 s, 2 min 
58 s, and 3 min 11 s to complete, respectively. Participants 
were generally highly adherent to the study protocol, 
responding to an average of 90.7% of morning survey, 
81.4% beeped surveys, and 81.1% of end-of-day survey. 
Participants who satisfactorily completed the entire study 
protocol could receive up to $160.

Analytic Approach

Two level multilevel mixed models (MLMs) were estimated 
in SAS PROC MIXED (version 9.4) in order to account for 
the nested structure of the data (i.e., days within persons). 
Full maximum likelihood was used for model estimation 
and robust standard errors were used for fixed effects 
hypothesis testing. In the main analyses, WM performance 
was modeled as a function of stress anticipation variables 
of interests, stressful events, age, and person- and day-level 
covariates. For stress anticipation variables of which the 
scores ranged from 0 to 100, we rescaled them from 0 to 
10, to enlarge coefficients without changing the statistical 
significance. All predictor variables were person-mean 
centered by subtracting each person’s average across all 
14 days from their scores on individual days in order to dis-
entangle within-person effects from between-person effects.

Two variables were used to represent stress anticipation: 
stress anticipation that measured upon waking on a given 
day i (morning stress anticipation) and stress anticipation 
from the end-of-day assessment of the previous day (day 
i-1) (previous night’s stress anticipation), both of which 
were used to predict WM performance on a given day 
(Figure 1). Because previous night’s stress anticipation was 
a lagged variable, data from the first day of each person 
were necessarily missing in the analysis. To make the results 
from previous night’s stress anticipation and morning stress 
anticipation comparable, we used subset of data (2,915 
among 3,141 observations) in which both stress anticipa-
tion variables exist for all analyses.

Results

Descriptive Statistics and Model Building
Table 1 shows descriptive statistics, intraclass coefficients 
(ICCs), and person-level correlations among our main 
variables. Although the correlation between morning 
stress anticipation and previous night’s stress anticipation 
was strong at the between-person level (r = .88, p < .001), 
the magnitude of within-person correlation was smaller 
(r = .36, p < .001), suggesting that the reports of morning 
and previous night’s stress anticipation may have different 
predictive values related to WM. Older age was associated 
with higher error scores in WM (r = .14, p = .03) after par-
tialing out education, which is a well-known covariate of 
cognitive performance. In contrast to previous work (e.g., 
Almeida & Horn, 2004), older age was related to more 
frequent reports of stressful events (r = .19, p = .003). This 
difference might be due to the current study’s probability 
sampling, sample characteristics (e.g., 63% identified as 
non-Hispanic black), and design that assessed stress mul-
tiple times a day, which might have minimized age-related 
biases and errors in self-reports (e.g., positivity bias, forget-
ting events that occurred earlier in the day).

Before testing our hypotheses, preliminary models were 
fit to test for the presence of autocorrelation in day-level 
WM performance and to examine the effects of covariates. 

Figure  1.  Study design and key variables of the current study. Note: 
Parameter estimates indicate within-person effect of each variable. 
WM = Working memory.
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Fitting an empty model resulted in evidence of a small but 
significant lag 1 residual autocorrelation AR(1) (b  =  .06, 
p = .007), which became nonsignificant (b = .02, p = .385) 
after detrending the time series by including practice effects 
in the model (i.e., study day). Thus, subsequent models 
did not include the autocorrelation term, but did include 
study day as a day-level covariate. Results from the MLM, 
which examined the effects of baseline as well as day-level 
covariates on WM, indicated that older age was signifi-
cantly associated with higher error scores in WM (b = .01, 
p = .008), low and middle education categories compared 
to high education were related to higher error scores 
(bs = .95 and .51, ps < .001), and being male compared to 
female was associated with lower error scores (b = −.34, 
p  =  .003). The linear practice effect (i.e., study day) was 
significant (b = −.01, p =  .001), indicating that WM per-
formance improved across 14 study days. Quadratic effect 
of study day was not significant. Random slope for study 
day was significant (p = .001). All the covariates and ran-
dom effect of linear study day were significant and included 
in subsequent analyses.

As a result of the model building, shown below is the 
multilevel model for morning stress anticipation that speci-
fies two levels of analysis.

Level 1:
	

Error Study day

Morning Stress Anticipation

ij j j ij

j

b b

b

= + ( ) +0 1

2 iij ije( ) +

The Level 1 model describes within-person variation in 
error score of the dot memory task for person j on day i as a 
function of a person-specific intercept ( b j0 ), linear practice 
effect ( b j1

), the effect of morning stress anticipation ( b j2 ), 
and a day- and person-specific residual deviation from that 
intercept ( eij ). Our interest was to examine b j2 , the indi-
vidual within-person effect of stress anticipation, which is 
then specified solely as a fixed effect ( β20 ) at level 2.
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The Level 2 model describes between-person variation in 
the mean error score across days. β00  represents the sam-
ple average error score for 45-year-old men in the high-
est education group who reported average morning stress 
anticipation. β10  and β20  indicate linear practice effect and 
the effect of morning stress anticipation respectively. β01  
reflects the difference in error score with a 1 unit between-
person difference in morning stress anticipation. β02  indi-
cates the difference in error score with a 1 year difference 
in age, and β03  indicates gender differences in error score. 
β04  and β05  reflect the difference in error score between 
the high education group and the low and middle educa-
tion group, respectively. Finally, u j0  and u j1  reflect person-
specific deviations from the average level of error score 
and the practice effect respectively. For previous night’s 
stress anticipation, similar models were run that include 
( ),EODStress Anticipationi j−1 .

The Effects of Stress Anticipation on WM

We evaluated Hypothesis 1 that predicted reporting higher 
levels of morning stress anticipation is prospectively associ-
ated with lower WM performance. We first tested whether 
morning stress anticipation predicted worse WM perform-
ance of the same day. Then, in a separate model, we tested 
whether previous night’s stress anticipation predicted worse 
WM performance today. The results described in Table 2 

Table 1.  Descriptive Statistics

Variable M (SD) Range ICC

Between-person correlation

rage
b rage

c1 2 3

1. Working Memorya 1.82 (0.94) 0.06–4.05 0.73 − .10 .14*
2. �Morning stress 

anticipation
3.22 (1.92) 0–8.36 0.46 0.07 − −.11 −.10

3. �Previous night’s stress 
anticipation

3.24 (1.99) 0–8.68 0.49 0.27 0.88** − −.12 −.13*

4. Stressful events 0.74 (0.73) 0–3.83 0.39 −0.05 0.36** 0.39** .19** .19**

Note: aUnit: Euclidean distance. Higher scores mean low cognitive function (higher error scores for the dot memory task).
bPearson correlation coefficients with age.
cPearson correlation coefficients with age after partialing out education.
ICC = Intraclass coefficients.
*p < .05, **p < .01.
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indicated that higher levels of morning stress anticipation 
were significantly associated with higher error scores in 
WM tasks on the same day (b = .012, p = .027 in Model 1).  
That is, on days individuals reported high levels of stress 
anticipation upon waking, compared low-anticipation 
days, they showed poorer performance on WM tasks 
throughout that day. Previous night’s stress anticipation, 
however, was not significantly associated with today’s WM 
performance (Model 2). When morning stress anticipa-
tion and previous night’s stress anticipation were included 
in the same model (Model 3), only the effect of morning 
stress anticipation remained significant (b = .017, p = .006). 
In order to see if the significant effect of morning stress 
anticipation was driven by higher actual/experienced 
stress, we controlled for number of reported stressful 
events on that day in Model 4. Results indicated that the 
effect of morning stress anticipation remained significant 
(b = .017, p = .0096) but the effects of the previous night’s 
stress anticipation and stressful events were not significant  
(ps ≥ .24). Supplementary analyses that included stress 
severity on that day and end-of-day perceived stress in 
Model 4 did not change the results. Moreover, the effect 
of morning stress anticipation on WM remained significant 
(b = .017, p = .006) after controlling for the effect of a con-
current beep-level stressor, but the effect of a concurrent 
stressor was not significant.

We tested Hypothesis 2 that older compared to younger 
adults would show worse WM performance associated 
with stress anticipation by adding a two-way age × morn-
ing stress anticipation interaction term in the above model. 
The interaction between age and morning stress anticipa-
tion was not significant (p = .63), indicating that the effect 
of morning stress anticipation was invariant across age.

Discussion
The primary goal of the current study was to examine the 
relationship between stress anticipation for the upcoming 
day and subsequent cognitive functioning, and how this 
relationship differed across age. In partial support of our 
first hypothesis, stress anticipation reported in the morn-
ing, but not the prior evening, predicted worse WM per-
formance throughout the day. Our second hypothesis that 
the effects of stress anticipation would be larger for older 
compared to younger adults was not supported—the effect 
of stress anticipation was invariant across age.

Most research on effects of everyday stress on cognitive 
function has focused on the effects of stressful events that 
happened in the past. The current study extends this research 
by showing that stress anticipation for the upcoming day 
had harmful effects on cognitive performance. Importantly, 
the effect of stress anticipation was over and above the 
effect of stressful events reported to have occurred, indicat-
ing that anticipatory processes can produce effects on func-
tioning independent of the presence of an external stressor 
(Smyth, Zawadzki, & Gerin, 2013). Our findings that the 
stress effects derived directly from cognitive appraisals are 
consistent with a theoretical account from Lazarus and 
Folkman (1984), which proposes that stress occurs when 
individuals appraise environmental demands as taxing or 
exceeding their resources.

In line with the attention depletion hypothesis (Scott 
et al., 2015; Sliwinski et al., 2006), findings of the current 
study suggested the possibility that reports of stress antici-
pation prior to stressful events happen can occupy atten-
tional resources and impair attention-demanding cognitive 
performance. Although we did not examine mechanisms 

Table 2.  Multilevel Models Predicting Cognitive Function: Coefficient (standard error)

Fixed effects Model 1 Model 2 Model 3 Model 4

Intercept 1.478 (0.134)** 1.500 (0.132)** 1.474 (0.134)** 1.498 (0.136)**
Age 0.015 (0.005)** 0.017 (0.005)** 0.017 (0.006)** 0.018 (0.006)**
Low Educationa 1.007 (0.192)** 1.013 (0.201)** 0.998 (0.197)** 0.987 (0.200)**
Middle Educationa 0.521 (0.114)** 0.509 (0.115)** 0.508 (0.115)** 0.507 (0.115)**
Maleb −0.333 (0.115)** −0.298 (0.117)* −0.297 (0.116)* −0.301 (0.116)**
Study day −0.011 (0.003)** −0.013 (0.004)** −0.013 (0.004)** −0.013 (0.004)**
Morning stress anticipation (WP) 0.012 (0.005)* 0.017 (0.006)** 0.017 (0.006)**
Morning stress anticipation (BP) 0.056 (0.028)* 0.067 (0.066) 0.068 (0.068)
Previous night’s stress anticipation (WP) −0.002 (0.007) −0.007 (0.007) −0.008 (0.007)
Previous night’s stress anticipation (BP) 0.048 (0.027) −0.010 (0.065) 0.004 (0.067)
Stressful events (WP) 0.015 (0.013)
Stressful events (BP) −0.102 (0.095)
Random effects
Var (Intercept) 0.625 (0.071)** 0.627 (0.074)** 0.621 (0.073)** 0.619 (0.073)**
Var (Study day) 0.001 (0.000)** 0.001 (0.000)** 0.001 (0.000)** 0.001 (0.000)**
Covar (Intercept, Study day) 0.002 (0.003) 0.001 (0.004) 0.001 (0.004) 0.001 (0.004)
Residual 0.308 (0.009)** 0.289 (0.009)** 0.289 (0.009)** 0.288 (0.009)**

Note: BP = Between-person effect; WP = Within-person effect.
aReference group: High education.
bReference group: Female.
*p < .05, **p < .01.

43Journals of Gerontology: PSYCHOLOGICAL SCIENCES, 2019, Vol. 74, No. 1



underlying the hypothesis, there are several possible path-
ways through which stress anticipation could deplete 
attentional resources. First, stress anticipation may have 
predicted subsequent cognitive functioning because it also 
predicted the occurrence of actual stressful events (see Scott 
et al., 2018), which in turn impacted cognition. However, 
the effect of stress anticipation upon waking was signifi-
cant even after controlling for the frequency of stressful 
events, and therefore we ruled out the possibility that the 
anticipatory effect was driven by its prediction of stress-
ors. Second, it is also possible that people felt stressed even 
though anticipation was not linked to subsequent stressful 
events. Even without actual stressors, internal representa-
tion of stress might lead to stress-related ideation and draw 
attentional resources. Third, our results may reflect that, 
after anticipation, individuals engaged in proactive coping 
strategies (Neubauer, Smyth, & Sliwinski, 2018; Neupert 
& Bellingtier, 2018) that occupied attentional resources—
thus compromising WM performance—but also effectively 
prevented the anticipated event from occurring. That is, the 
particular coping strategies one employs might be a more 
important determinant of attentional resources available 
to perform a cognitive task than the mere anticipation of 
stress. Because our study did not link anticipation with spe-
cific events and did not measure coping strategies, distin-
guishing between these competing explanations will await 
future research.

We found significant effects of stress anticipation on 
WM performance only for morning, not for EOD, stress 
anticipation. The fact that morning reports, compared to 
previous night’s reports, are temporally more proximal to 
subsequent WM tasks may explain the differential effects. 
Alternatively, given that sleep loss and sleep impairment 
are linked to the effect of anticipation upon waking (Fries, 
Dettenborn, & Kirschbaum, 2009; Vargas & Lopez-Duran, 
2014), it is possible that sleep plays a role in the associa-
tion between morning stress anticipation and cognition. 
Moreover, recently experienced emotional and psychologi-
cal states may be associated with the reports of stress antic-
ipation, such that EOD anticipation is more influenced by 
how one felt earlier in that day and morning anticipation 
is more influenced by mood states upon waking. These dif-
ferences might contribute to differential effects of morn-
ing versus previous night’s stress anticipation on WM 
performance.

Although findings of this study are not entirely consist-
ent with previous work of Neupert and colleagues (2016), 
who observed beneficial effects of anticipatory coping on 
cognition, several differences between two studies should 
be noted. First, Neupert and colleagues (2016) found that 
anticipatory coping, which was measured regardless of the 
reported likelihood of anticipatory stress, moderated the 
association between actual stressful events and cognitive 
outcomes. This study, however, did not assess coping and 
focused on stress anticipation itself and examined its direct 
association with cognition. Second, measures of cognitive 

outcomes differed. Neupert and colleagues (2016) used 
retrospective reports on subjective memory failures at the 
end of each day; the current study assessed cognitive per-
formance with ambulatory WM tasks in EMA protocol. 
Third, although this study included a diverse adult sample 
aged 25–65 years, participants in Neupert and colleagues 
(2016) included older participants only (ages 60+), which 
might also contribute to the different findings. Despite 
these methodological differences, both studies illustrate 
that anticipatory stress processes are prospectively associ-
ated with aspects of cognitive function in daily life.

We did not find the age differences in the effect of 
morning stress anticipation on WM performance. Indeed, 
Sliwinski and colleagues (2006) found mixed supports on 
amplified effects of daily stressors on WM among older 
adults. It is possible that amplified effects of stress antici-
pation only emerge when older adults are preoccupied 
with stress-related idea (i.e., age × stress anticipation × 
stress-related preoccupation). Alternatively, older adults’ 
prioritization of emotionally meaningful goals may encour-
age older adults to favor proactive coping strategies that 
impose lower demands on their cognitive resources. Older 
adults are likely to favor passive coping strategies that 
serve to avoid or disengage themselves from negative expe-
riences, which may occupy few cognitive resources than 
problem-focused coping strategies (Charles, 2010; Neupert 
et al., 2016). Problem-focused coping strategies preferred 
by younger adults, on the other hand, may not occupy as 
much cognitive resources for younger adults as it would 
occupy for older adults. Thus, our failure to find age differ-
ence in effects of stress anticipation may reflect age differ-
ence in the differential impact of preferred coping strategies 
on cognitive resources.

There are some limitations to this study that should be 
considered for future research. First, the present study did 
not test the psychological mechanisms of attention deple-
tion hypothesis regarding whether stress-related think-
ing and/or coping strategies follow anticipatory stress 
and deplete available resources for goal-directed tasks. 
Second, biological mechanisms through which anticipa-
tory stress and stress-related cortisol secretion (e.g., Powell 
& Schlotz, 2012; Smyth et  al., 1998) influence cognition 
were not examined in this study. Future studies could 
test whether the measures of cortisol as well as anticipa-
tory stress-related preoccupation or rumination mediate 
the effect of anticipatory stress. Third, the present sample 
(age 25–65 years) is not inclusive of the entire age range 
of adulthood, which might have prevented from observing 
amplified stress effects on cognition among older adults. 
Although many cross-sectional studies suggest that mem-
ory starts to decline as early as in the 20s, findings from 
longitudinal studies suggest a relatively late onset of age-
related decline. For example, significant episodic memory 
decline appears after age 60 and visuo-spatial reason-
ing skills start to decline after age 55 (Nyberg, Lövdén, 
Riklund, Lindenberger, & Bäckman, 2012). To observe age 
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effects, including wider age range of the sample may be 
necessary in future research.

Despite these limitations, the results highlight the impor-
tance of “anticipatory” phase in everyday stress processes. 
The present study also shows that there is some truth in the 
notion that people wake up on the wrong side of the bed. 
This study suggests an avenue for stress-reduction interven-
tions; for example, targeting days with anticipated stress 
may help ameliorate cognitive micro-impairment on that 
day. This may be particularly useful among older popula-
tions and others with basally lower levels of WM to pre-
vent cognitive lapses in everyday life.
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