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Abstract: Despite evidence that stress relates negatively to cognitive functioning in older adults, little
is known how appraisal of stress and socioeconomic meso-level factors influence different types of
cognitive functions in older adults. Here, we assess the relationship between perceived stress (PSS
scale) and a battery of cognitive functions, including prospective memory in 1054 older adults (65+).
A moderator analysis assessed whether this relationship varies with neighborhood socioeconomic
status using an area-based measure of Socioeconomic Position (SEP). Perceived stress was associated
with worse processing speed, verbal fluency, and inductive reasoning. The perceived self-efficacy
subscale of the PSS is related to better performance in these measures. Higher self-efficacy was also
associated with better prospective memory; this relationship was more pronounced for people with
high neighborhood SEP. These findings indicate that not only do perceived stress and perceived
self-efficacy relate to cognitive functioning in older age but also that neighborhood SEP is a moderator
of this relationship.

Keywords: older adults; perceived stress; self-efficacy; socioeconomic position; cognitive performance;
prospective memory

1. Introduction

Evidence from experimental studies indicates that stress modulates cognition, with
the brain being most sensitive to stress during childhood and older age [1,2]. As such,
stress may represent a risk factor contributing to age-related cognitive decline [2]. Indeed,
population-based studies showed that increased levels of perceived stress relate to lower
cognitive functioning and a faster rate of cognitive decline [3–7]. Furthermore, enhanced
perceived stress levels predict the transition from normal cognition to amnestic mild
cognitive impairment and from amnestic mild cognitive impairment dementia [8,9].

Thereby, the effects of stress on cognition vary depending on the appraisal of stressful
events and the type of cognitive function under study [10,11]. Appraisal of stressful events
is assessed with the perceived stress scale (PSS) [12]. This questionnaire contains two
subscales assessing different properties of stress [13–15]. The positively worded subscale
(PSS-PW) is thought to measure perceived coping abilities such as self-efficacy, while
the negatively worded subscale (PSS-NW) measures perceived helplessness. These two
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subscales are poorly correlated in older adults [16] and relate differently to cognitive
functions [17]. Crucially, the self-efficacy subscale (PSS-PW scale), but less so the helpless-
ness subscale (PSS-NW), is associated with cognitive functioning in older adults [18–20].
Moreover, people with high self-efficacy show lower stress reactivity [21].

Concerning the type of cognitive function, memory performance in episodic or seman-
tic memory tasks relates negatively to the PSS sum score [4,22]. In contrast, the PSS-PW
subscale relates positively to performance in various cognitive functions in older adults,
such as processing speed, memory, and executive functions [19,20].

Stress-related effects on an additional cognitive domain, prospective memory, have
only recently received more attention. Prospective memory refers to the capacity to re-
member to carry out an intended action at an appropriate point in the future while being
engaged in an ongoing activity [23,24]. As such, prospective memory is highly relevant for
the maintenance of one’s functional independence and autonomy across the life span [25].
The first experimental studies indicate that acute stress affects prospective memory in
young adults [26]. On the contrary, in older adults, studies have not shown a clear link
between stress and PM performance [27,28]. As sample sizes were small in these studies, it
remains unclear how stress might influence prospective memory in older age.

Hence, the first aim of our study was to examine the relationship between perceived
stress and cognitive performance in a comprehensive battery of cognitive tests, including
prospective memory, testing a large sample of older adults. Hereby, we aimed to replicate
previous findings showing that perceived stress, particularly the PSS-PW self-efficacy
subscale, relates to multiple domains of cognitive functioning. Furthermore, we examined
how perceived stress relates to prospective memory.

In a recent conceptual framework on life course stress effects and vulnerability in
old age, we suggested that (cognitive) vulnerability in older age may stem from a lack
of sufficient reserves across multiple domains, notably including social and economic
resources [29]. In that context, we argued that, besides cognitive mechanisms, it is important
to understand how socioeconomic reserves, which are built up over the life course, may
affect cognition in older age (see [30,31]) for testing how social reserves affect cognitive
aging in general). One important proxy of socioeconomic reserves is socioeconomic status,
which includes indicators such as education, occupation, and income [32]. Interestingly,
socioeconomic status relates to stress reactivity and cognitive function [33,34] and, therefore,
might be a potential moderator for the relationship between perceived stress and cognitive
functioning. To examine the relationship between socioeconomic status and stress reactivity,
previous studies mostly used indices that focused on the individual level, such as income
or the educational attainment of an individual [35–37].

More recently, it was argued that important additional information is captured when
meso-level context factors are taken into account, and socioeconomic position (SEP) is
assessed at a community or area level [38]. Indeed, neighborhood characteristics are
shown to contribute to mental health and cognitive functioning in older adults [39,40].
This relationship is of particular importance for older adults given that the activity spaces
of older adults become increasingly restricted to their immediate surroundings due to
limited mobility or functional decline, therefore making them particularly vulnerable to
neighborhood stressors [41,42]. Yet the moderating role of neighborhood socioeconomic
position between stress and cognitive functioning was not previously examined. Hence,
the second aim of our study was to examine whether neighborhood SEP, assessed as an
area-based measure, moderates the relationship between perceived stress and cognitive
performance in older adults.

2. Materials and Methods
2.1. Study Participants

The Vivre–Leben–Vivere study is a large interdisciplinary survey of the life and health
conditions of older adults living in Switzerland [43–45]. The main sample of the Vivre–
Leben–Vivere study was randomly selected from the cantonal and national population



Brain Sci. 2022, 12, 244 3 of 13

records and stratified by age (65–69, 70–74, 75–79, 80–84, 85–89, 90, and above) and sex [44].
The second wave of the Vivre–Leben–Vivere study study conducted in 2017 included
measures of cognitive functions and perceived stress assessed via self-administered ques-
tionnaires and face-to-face interviews in 1059 participants. From this sample, we excluded
16 participants because an interviewer did not follow the study protocol and another 15
participants had a score below 21 in the Mini-Mental State Examination [46]. Given that we
assessed cognitive variables in the present paper, we excluded 15 participants with a score
below 21 in the Mini-Mental State Exam, which corresponds to 1.42% of the full sample
(N = 1059). We chose a cut-off for a score of 21 points, as participants with dementia have
scores below 21 in the Mini-Mental State Exam [46]. All participants of the final sample
(N = 1028) completed the prospective memory task. Due to a random rotation procedure,
two-thirds of the 1028 participants, i.e., 683 participants, completed the cognitive tests of
the Cognitive Telephone Screening Instrument (COGTEL; Table 1). Power analysis with
Gpower [47] showed that in order to obtain an effect size of f2 = 0.032, similar to previous
studies examining the relationship between perceived stress and cognitive functions [22],
with 80% power using linear regression (alpha = 0.05), a sample size of 245 participants
would be needed.

Table 1. Descriptives of the sample.

N Mean (SD)

Age 1028 80.68 (6.65)
Female 508

Education (years) 1028 13.32 (4.01)
Perceived Stress Scale

(PSS) total 955 3.95 (2.51)

PSS positive 956 6.10 (1.43)
PSS negative 956 2.10 (1.55)

Mini Mental State Exam 1028 28.26 (1.93)
TMT A (in sec.) 863 56.03 (24.37)
TMT B (in sec.) 438 108.90 (45.40)

COGTEL
Short-Term Memory 642 0.92 (1.00)
Long-Term Memory 633 1.63 (1.25)

Working Memory 675 5.27 (1.80)
Verbal Fluency 683 24.55 (8.42)

Inductive Reasoning 675 3.06 (1.82)
Prospective Memory 1028 0.35 (0.33)

Swiss Social Economic
Position Index (SEP) 940 62.63 (12.11)

All participants provided written informed consent before participation. The study
protocol was in accordance with the Declaration of Helsinki and was approved by the local
ethics committee.

2.2. Measures

Perceived Stress was assessed with the 4-item version of the Perceived Stress Scale
(PSS). The PSS measures how stressful individuals appraise situations in their life that
occurred during the previous month [12]. The 4-item version contains two positively
worded items (e.g., “In the last month, how often have you felt confident about your ability
to handle your personal problems?”) and two negatively worded items (e.g., “In the last
month, how often have you felt that you were unable to control the important things in
your life?”). Responses were provided to every item using a 5-point Likert scale ranging
from never (0) to very often (4). Summing the negatively and the positively worded items
separately resulted in two subscales that were suggested to measure different properties
of stress, i.e., perceived helplessness/distress subscale (PSS-NW) and the perceived self-
efficacy/coping subscale (PSS-PW). Both subscales ranged from 0–8; higher scores indicate
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greater perceived helpless-ness/distress and self-efficacy/coping, respectively [16]. After
reversing the positively worded items’ scores, responses to all items were summed, result-
ing in an overall perceived stress score (range 0–16; higher total scores indicating greater
perceived stress).

2.3. Cognitive Functioning

Face-to-face interviews assessed cognitive functioning with the Mini Mental State
Exam, the Trail Making Test Part A and B (TMT A and TMT B), prospective memory, and
the six subtests of the Cognitive Telephone Screening Instrument (COGTEL) [48,49].

The Mini Mental State Exam assesses global cognitive functioning and is commonly
used as a screening tool for cognitive impairment [50].

The Trail Making Test (TMT) consists of two parts, which measure processing speed
(TMT A) and cognitive flexibility (TMT B). For TMT A, participants were instructed to
connect a sequence of numbers from 1 to 25 as fast as possible without errors, after practic-
ing the task once with a sequence from 1 to 8. To measure cognitive flexibility with TMT
B, participants were given one practice trial alternating connecting numbers and letters,
i.e., connecting 1-A-2-B-3-C-4-D. They were then instructed to alternate in connecting the
numbers 1 to 13 in ascending and the letters A to L in alphabetic order, i.e., 1-A-2-B-3-C
until 12-L-13, without making any error [51].

Prospective memory was assessed with four event-based tasks, i.e., a task in which the
execution of the intended action is triggered by the presentation of a specific external target
event. At the beginning of the interview, the experimenter instructed the participants to be
unsolicited (1) say red pen at the time of the interview that the interviewer talked about a
red pen, (2) knock twice on the table when the interviewer talked about physical activities,
(3) tell the interviewer the year of birth when talking about activities in the course of the
participant’s life, and (4) remind the interviewer to switch on their mobile phone at the end
of the interview.

The COGTEL assesses verbal short-term and long-term memory, working memory,
verbal fluency, inductive reasoning, and prospective memory.

For verbal short-term and long-term memory, participants learned four pairs of un-
related words read aloud for 3 s each. After a short break, the experimenter cued the
participants with the first words, in a different order than the word pairs had been learned.
Participants recalled the second pair of words in the following 5 s (short-term memory
scores ranging from 0 to 4) [46]. For correct responses, the experimenter gave positive
feedback; for incorrect responses, the experimenter repeated the correct word for later
assessment of long term memory. Three COGTEL subtests (i.e., working memory, verbal
fluency and inductive reasoning) were then interspersed between the immediate and the
delayed recall of the word pairs. For the long-term memory test, the experimenter provided
the first word again and asked participants to recall the second word of each pair in the 10
s after the cue word (verbal long-term memory score ranging from 0 to 4).

Working memory was assessed with the backward digit span test of the WAIS-R [52].
Participants had to recall a list of digits in reverse order of progressively longer sequences
of single-digit numbers presented at a 1-s rate. The test was stopped if participants failed
two trials at a given sequence length [46,49]. Scores ranged from 0 to 12, indicating the
number of correctly recalled sequences.

Verbal fluency was assessed with a letter fluency and a category fluency task [53].
Participants were given 60 s to produce as many words beginning with the letter A and 60
s to produce as many professions as possible. The letter and category fluency scores were
summed to a total verbal-fluency score.

Inductive reasoning was assessed with a subtest of the WAIS-R [52]: Participants had
to add a sixth number to a sequence of five numbers following specific rules that they had to
detect themselves. The test was stopped if participants failed two trials at a given sequence.
Scores range from 0 to 8, representing the number of correctly completed sequences out of
the eight given sequences.
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2.4. Neighborhood Socioeconomic Position

As an indication of socioeconomic position, we used the Swiss neighborhood index of
socioeconomic position (Swiss-SEP). The Swiss neighborhood SEP is an area-based measure
of socioeconomic position based on data on income, education, occupation, and housing
conditions obtained from the 2000 census and provided by the Swiss National Cohort
(SNC) [54]. The Swiss neighborhood SEP ranges from 0 (lowest neighborhood SEP) to 100
(highest neighborhood SEP), with a median of 63.32.

2.5. Statistical Analyses

Mean scores and standard deviations were computed for age, years of education,
perceived stress (PSS and its subscales), and all cognitive tests. Two-tailed t-tests specified
whether the subgroup of participants that underwent the COGTEL differed from the one-
third of participants that did not undergo the COGTEL. Bivariate correlations between
age, education, perceived stress, and all domains of cognitive functions and neighborhood
SEP were computed. Linear regression analyses were performed separately for the PSS-
PW subscale, the PSS-NW subscale, and the total PSS scales as independent variables,
and the different cognitive measures as the dependent variable. All regression analyses
controlled for age, sex, and years of education. Last, we examined whether the relationship
of perceived stress (and PSS subscales) on cognition varied as a function of socioeconomic
position. To do so, we followed the guidelines by Hayes and used the PROCESS macro in
SPSS to test for moderation effects [55]. Specifically, using SPSS PROCESS, we regressed
perceived stress (and PSS subscales) on cognitive performance (controlling for age, sex,
and education), including neighborhood socioeconomic position as moderator plus an
interaction term. We then used the statistical package R for visualization of the moderator
results in Figure 1.
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medium SSEP (63), and on the right panel (c) high SSEP (78).
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3. Results
3.1. Sample Characteristics

The sample is described in Table 1. On average, the 1028 participants (508 female)
were 80.68 years (SD = 6.65) old and had followed 13.32 years of education (SD = 4.08).
The subsample that did the COGTEL consisted of 683 participants (342 female, i.e., 49.93%
female) with a mean age of 80.46 years and 13.39 years of education. The COGTEL
subsample did not differ from the participants without COGTEL in age, years of education,
perceived stress, TMT A and TMT B, prospective memory, and neighborhood SEP (all
ps > 0.06). Of note, the measurements of some participants were missing. In addition, the
measurements of some participants were missing due to refusals or technical problems, i.e.,
6.00% of the 683 participants did not have a valid short-term memory score (N = 41), 7.32%
had no scores for long-term memory (N = 50), 1.17% participants were missing score a for
working memory (N = 8), and 1.17% were missing a score for inductive reasoning (N = 8).
Table 1 indicate the number of participants included for each measure.

Authors should discuss the results and how they can be interpreted from the perspec-
tive of previous studies and of the working hypotheses. The findings and their implications
should be discussed in the broadest context possible. Future research directions may also
be highlighted.

3.2. Correlations between Age, Education, PSS, Neighborhood SEP, and Cognitive Functions

Age and education correlated significantly with perceived stress and cognitive func-
tions. In particular, higher age was correlated with lower cognitive functioning (all
p < 0.001), higher values of PSS sum score (p < 0.001), PSS-NW subscale (p < 0.01), and
lower values of the PSS-PW scale (p < 0.001). Years of education correlated positively with
all measures of cognitive functions (p < 0.001) other than TMT A short-term and long-term
memory (all p > 0.12). Higher education was related to a lower PSS sum score (p < 0.05)
and a higher score on the self-efficacy scale (p < 0.05).

The subscales PSS-PW and PSS-NW were negatively correlated (r = −0.45, p < 0.001).
The total score of the PSS correlated negatively with performance in the COGTEL tests for
working memory, inductive reasoning, verbal fluency, and prospective memory, but nega-
tively with performance in TMT A and TMT B. Similarly, the PSS-NW scale was correlated
negatively with COGTEL tests for inductive reasoning and verbal fluency, but positively
with TMT A and B. In contrast, the PSS-PW scale was correlated positively with Mini-
Mental State Exam scores and all cognitive measures of the COGTEL (all p < 0.01), except
for short-term memory (p = 0.065), but negatively with TMT A and TMT B (both p < 0.01,
see Table 2 for correlations of PSS/PSS subscales with cognitive functions).

In addition, PSS sum score (r = 0.09, p < 0.05) and PSS-PW were correlated with
neighborhood SEP (r = 0.09, p < 0.05), but not PSS-NW scale (p > 0.05). Neighborhood
SEP was correlated with the Mini-Mental State Exam (r = 0.12, p < 0.01), working memory
(r = 0.10, p = 0.01), and prospective memory (r = 0.13, p < 0.01), but no other cognitive
variables (all ps > 0.11).

3.3. Regression Analyses

Tables 3 and 4 show linear regression results between the total perceived stress (the
PSS subscales) scale and cognitive measures. Perceived stress was related to worse global
cognition assessed with the Mini-Mental State Exam, slower processing speed/flexibility
(TMT A/ TMT B), lower verbal fluency, and inductive reasoning. In contrast, the subscale
perceived self-efficacy related to better performance in these measures, except for TMT B. In
addition, perceived self-efficacy was related to better prospective memory. The perceived
helplessness subscale related to only one cognitive outcome measure, i.e., to reduced
performance in the TMT A (processing speed) and TMT B (flexibility).



Brain Sci. 2022, 12, 244 7 of 13

Table 2. Pearson’s correlations between perceived stress and cognitive functions.

Perceived Self-Efficacy
(PSS-PW)

Perceived Helplessness
(PSS-NW)

Sum Score PSS
(PSS-Total)

Mini Mental State Exam
(MMSE) 0.196 ***** −0.028 −0.109 ****

TMT A (in s) −0.178 ***** 0.172 ***** 0.195 *****
TMT B (in s) −0.143 *** 0.110 * 0.156 ***

COGTEL
Short-Term Memory 0.075 −0.069 −0.062
Long-Term Memory 0.120 *** −0.040 −0.068

Working Memory 0.105 ** −0.054 −0.085 *
Verbal Fluency 0.192 ***** −0.081 * −0.142 *****

Inductive Reasoning 0.219 ***** −0.104 ** −0.180 *****

Prospective Memory (PM) 0.128 ***** −0.050 −0.083 *

* p < 0.05, ** p < 0.01, *** p < 0.005, **** p < 0.001, ***** p < 0.0001. Pearson’s correlation coefficients of 0.10,
0.30 and 0.50 are thought to represent a weak, medium and strong effects, respectively according to Cohen’s
recommendation [56]. According to a quantitive investigation, normative guidelines for small, medium, and large
true score correlations are suggested to be 0.15, 0.25, and 0.35 [57].

Table 3. Linear regression results between total perceived stress, the perceived self-efficacy subscale
(PSS-PW), the perceived helplessness scale (PSS-NW) and the Mini-Mental State Exam (MMSE),
processing speed (TMT A), and flexibility (TMT B).

MMSE TMT A TMT B

β β β

Perceived Stress
Sum Score −0.090 ** 0.151 ***** 0.101 *

Age −0.114 ***** 0.320 ***** 0.397 *****
Education −0.106 * −0.007 −0.042

Sex −0.059 0.035 −0.021

R2 0.04 0.142 0.186

Perceived
Self-Efficacy

(PSS-PW)
0.176 **** −0.120 ***** −0.043

Age −0.096 *** 0.319 ***** 0.400 *****
Education 0.101 *** −0.009 −0.042

Sex −0.062 0.031 −0.024

R2 0.061 0.133 0.178

Perceived
Helplessness

(PSS-NW)
−0.015 0.143 *** 0.101 *

Age −0.126 ***** 0.322 ***** 0.393 *****
Education 0.107 *** −0.014 −0.064

Sex −0.052 0.037 −0.014

R2 0.032 0.137 0.176
* p < 0.05, ** p < 0.01, *** p < 0.005, **** p < 0.001, ***** p < 0.0001.
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Table 4. Linear regression results between total perceived stress, the perceived self-efficacy subscale
(PSS-PW), the perceived helplessness scale (PSS-NW), and the different cognitive measures.

COGTEL Short-Term
Memory

Long-Term
Memory

Working
Memory Verbal Fluency Inductive

Reasoning
Prospective

Memory

β B B β β β

Perceived Stress
Sum score −0.032 −0.020 −0.055 −0.085 * −0.141 **** −0.034

Age −0.204 ***** −0.290 ***** 0.080 * −0.225 ***** −0.118 *** −0.267 *****
Education 0.026 0.015 0.147 ***** 0.191 ***** 0.149 **** 0.143 *****

Sex −0.103 * −0.057 0.014 −0.042 0.057 0.037

R2 0.058 0.092 0.038 0.115 0.078 0.108

Perceived
Self-Efficacy

(PSS-PW)
0.030 0.058 0.073 0.126 *** 0.180 ***** 0.071 *

Age −0.203 ***** −0.280 ***** −0.072 −0.210 ***** −0.102 ** −0.260 *****
Education 0.026 0.013 0.146 ***** 0.189 ***** 0.147 **** 0.141 *****

Sex −0.100 * −0.055 0.018 −0.037 0.061 0.036

R2 0.058 0.094 0.041 0.12 0.089 0.107

Perceived
Helplessness

(PSS-NW)
−0.058 −0.014 −0.032 −0.046 −0.074 −0.016

Age −0.204 ***** −0.292 ***** −0.086 * −0.235 ***** −0.136 **** −0.272 *****
Education 0.026 0.016 0.149 ***** 0.194 ***** 0.154 **** 0.141 *****

Sex −0.107 * −0.057 0.015 −0.041 0.059 0.040

R2 0.061 0.092 0.036 0.11 0.064 0.107

* p < 0.05, ** p < 0.01, *** p < 0.005, **** p < 0.001, ***** p < 0.0001.

3.4. Moderation Analyses

Neighborhood SEP moderated the relationship between perceived self-efficacy and
prospective memory (Table 5). For individuals with high neighborhood SEP there was a
significant positive relationship between perceived self-efficacy and prospective memory,
e.g., neighborhood SEP = 78, β = 0.033, p < 0.01. This relationship was not significant in
individuals with neighborhood SEP in the low and middle range (for median neighborhood
SEP = 63, β = 0.013, p = 0.07; low neighborhood SEP = 46, β = −0.0098, p = 0.426; Figure 1).

Table 5. Interaction of perceived stress and SEP on prospective memory.

Prospective Memory
B

Perceived Self-Efficacy (PSS-PW) −0.0678 t

Swiss-SEP −0.0048
PSS-PW × SEP 0.0013 *

Age −0.0137 ***
Education 0.0085 **

Sex 0.0166
R2 0.1244

t < 0.10, * p < 0.05, ** p < 0.01, *** p < 0.001.

Neighborhood SEP did not moderate the relationship between the PSS sum score (the
PSS-NW subscore) and the cognitive tests of COGTEL and TMT.

4. Discussion

This population-based cross-sectional study examined how perceived stress (PSS
questionnaire) relates to cognitive functioning in older adults (>65 years). Perceived stress
was related to decreased global cognition assessed with Mini-Mental State Exam, slower
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processing speed/flexibility assessed with TMT, and poorer verbal fluency and inductive
reasoning assessed with COGTEL. These results were mainly driven by lower perceived
self-efficacy (PSS-PW subscale of the PSS). In particular, the PSS-PW scale was positively
related to global cognition, verbal fluency, inductive reasoning, and reduced processing
speed. Furthermore, perceived self-efficacy was positively related to prospective memory.
Importantly, neighborhood socioeconomic position (SEP) moderated the relationship be-
tween perceived self-efficacy and prospective memory. Perceived self-efficacy had a more
pronounced positive impact on prospective memory in people with high neighborhood
SEP than those with low and medium neighborhood SEP.

The finding of an association between perceived stress and global cognition, processing
speed, and verbal fluency in old adults is consistent with previous findings [4,7,19,20,58].
However, in contrast to other studies, we found no association between perceived stress
and short term and long term verbal memory. One potential reason for this discrepancy
is that we did not obtain sufficient variability in our memory test as it consisted of only
four word pairs in contrast to previous studies that used more difficult memory tests [4,22].
In particular, VonDras et al. [22] found perceived stress to be associated with memory for
complex prose passages but not with memory for verbal paired associates. This result
suggests that stress has a greater impact on memory tasks with strong demand on executive
functioning. Along this line, our findings suggest that increased levels of perceived stress
contribute to poorer cognitive performance in tasks requiring greater executive resources,
such as inductive reasoning.

Considering the two subscales of the PSS, we found that the perceived self-efficacy sub-
scale PSS-PW and the perceived helplessness subscale PSS-NW were moderately correlated
(r = −0.45, p < 0.001). This finding is in accordance with previous findings [20] and suggests
that although there are commonalities between these two factors, there are also differences.
Crucially perceived self-efficacy was associated with better cognitive performance in multi-
ple cognitive tests, while perceived helplessness was associated only with slower processing
speed. Previous findings likewise showed that the subscale perceived self-efficacy is related
to cognitive functions rather than the subscale perceived helplessness [19,20]. In particular,
in our study, increased self-efficacy was related to better performance in the Mini-Mental
State Exam, TMT, verbal fluency, and inductive reasoning, as well as prospective memory.
To the best of our knowledge, this is the first population-based study discovering a posi-
tive relationship between perceived self-efficacy and prospective memory in older adults.
This result links an additional cognitive function, i.e., prospective memory, to perceived
self-efficacy extending previous findings that reported perceived self-efficacy to relate to
multiple domains of cognitive functions in older age [19,20].

Interestingly the relationship between perceived self-efficacy and prospective mem-
ory was moderated by neighborhood SEP: The positive relationship between perceived
self-efficacy and prospective memory was only reliable for older adults with high neigh-
borhood SEP, while this relationship was eliminated in older adults with low and medium
neighborhood SEP. A link between perceived control and socioeconomic status was well-
established in previous studies, with people with higher socioeconomic status displaying
higher perceived control [59–61]. Similarly, a median-split in our study showed that par-
ticipants with high SEP showed marginally higher self-efficacy (M = 6.20, SE = 0.07) than
participants with low SEP (M = 6.02, SE = 0.06, F(1,888)= 3.565, p = 0.059), although SEP and
self-efficacy were not strongly correlated (r = 0.082, p = 0.015). A potential explanation for
our novel finding that perceived self-efficacy and prospective memory was moderated by
neighborhood SEP is that adverse socioeconomic neighborhood conditions are less likely
to enable older adults to have sufficiently frequent experiences of successful coping with
stressful events, especially in relation to cognitive challenges under stress, which would
allow building up of higher levels of self-efficacy. This might be of particular significance
for prospective memory tasks, in which the challenge is to self-initiate an intended action
at the right target moment without being prompted by the experimenter. With a build-up
of higher self-efficacy through high neighborhood SEP, these participants might have more
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successfully coped with the key challenge of a prospective memory task (e.g., fewer doubts
whether they face the right target moment or not and thus more frequent self-initiation of
the intended action).

Future studies should test whether improving perceived self-efficacy in older age
could be a means of reducing perceived stress, especially in the lower SEP groups, and thus
maintaining prospective memory function. Such an intervention may potentially be effec-
tive, given that previous studies have demonstrated that experimental interventions can
result in changes in one’s perceived level of control, suggesting that perceived self-efficacy
is modifiable [62]. Other studies have directly modified the level of self-efficacy [63,64].
Along this line, it was shown that stress mindsets are related to perceived stress [65].

A limitation of the present study is that we took cross-sectional data from the Vivre–
Leben–Vivere 2 survey. As such, we are unable to determine the causality for the relation-
ship between perceived stress and cognitive function. In addition, only one measure of
perceived stress was acquired. The PSS questionnaire assesses stress perceived within the
month prior to the survey but does not ask for intensity or duration of stressors. Conse-
quently, we are not able to assess the relationship between chronic stress and cognitive
function, nor cognitive decline. In addition, our effects are small to moderate, yet in a
similar range as previous findings [4,5,20]. Despite these limitations, our study has several
strengths. Firstly, we obtained data from a large sample of older adults. Secondly, we
assessed multiple cognitive variables, one of them, prospective memory, for the first time.
Last, we considered important confounding factors, such as age, gender, and education.

5. Conclusions

Our data from a large population-based sample provides important scientific evidence
for an association between perceived stress/perceived self-efficacy and cognitive func-
tioning in older adults. For our prospective memory, this relationship is moderated by
neighborhood SEP. Understanding how perceived stress/perceived self-efficacy is related
to cognition is crucial for future interventions studies that should test whether altering
perceived stress/perceived self-efficacy levels could help to prevent cognitive decline, an
issue of major individual and public health importance.

Author Contributions: Conceptualization, U.R., N.B., A.I. and M.K.; methodology, U.R., N.B., A.I.
and M.K.; formal analysis, U.R., N.B., A.I. and M.K.; writing—original draft preparation, U.R.;
writing—review and editing, U.R., N.B., A.I. and M.K.; visualization, U.R.; supervision, M.K.; project
administration, N.B.; funding acquisition, M.K. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the SWISS NATIONAL SCIENCE FOUNDATION within
the Swiss National Centre of Competence in Research LIVES–Overcoming vulnerability: Life course
perspectives phase III, grant number 51NF40-185901. U.R. is funded by a Swiss National Science
Foundation Eccellenza Professorial Fellowship, grant number PCEFP1_186911.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the ethics committee of the Faculty of Psychology and
Social Sciences of the University of Geneva (project identification code: CE_FPSE_05.04.2017).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon request.

Acknowledgments: The authors thank all participants of the Vivre–Leben–Vivere (VLV) study, as
well as all members of the LIVES project IP213 and LINK institute who contributed to the realization
of the Vivre–Leben–Vivere study. We thank Ben Meuleman for statistical advice.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.



Brain Sci. 2022, 12, 244 11 of 13

References
1. Lupien, S.J.; McEwen, B.S.; Gunnar, M.R.; Heim, C. Effects of stress throughout the lifespan on the brain, behaviour and cognition.

Nat. Rev. Neurosci. 2009, 10, 434–445. [CrossRef] [PubMed]
2. Prenderville, J.A.; Kennedy, P.J.; Dinan, T.G.; Cryan, J.F. Adding fuel to the fire: The impact of stress on the ageing brain. Trends

Neurosci. 2015, 38, 13–25. [CrossRef] [PubMed]
3. Aggarwal, N.T.; Clark, C.J.; Beck, T.L.; Mendes de Leon, C.F.; DeCarli, C.; Evans, D.A.; Everson Rose, S.A. Perceived stress is

associated with subclinical cerebrovascular disease in older adults. Am. J. Geriatr. Psychiatry 2014, 22, 53–62. [CrossRef]
4. Chen, Y.; Wang, J.; Liang, Y.; Sun, F.; Dong, X. Perceived Stress and Cognitive Functions Among Chinese Older Adults: The

Moderating Role of Health Status. Gerontol. Geriatr. Med. 2018, 4, 2333721418778390. [CrossRef] [PubMed]
5. Turner, A.D.; James, B.D.; Capuano, A.W.; Aggarwal, N.T.; Barnes, L.L. Perceived Stress and Cognitive Decline in Different

Cognitive Domains in a Cohort of Older African Americans. Am. J. Geriatr. Psychiatry 2017, 25, 25–34. [CrossRef] [PubMed]
6. Feeney, J.; O’Sullivan, M.; Kenny, R.A.; Robertson, I.H. Change in perceived stress and 2-year change in cognitive function among

older adults: The Irish Longitudinal Study on Ageing. Stress Health 2018, 34, 403–410. [CrossRef] [PubMed]
7. Munoz, E.; Sliwinski, M.J.; Scott, S.B.; Hofer, S. Global perceived stress predicts cognitive change among older adults. Psyhcol.

Aging 2015, 30, 487–499. [CrossRef]
8. Jiang, J.M.; Seng, E.K.; Zimmerman, M.E.; Sliwinski, M.; Kim, M.; Lipton, R.B. Evaluation of the Reliability, Validity, and Predictive

Validity of the Subscales of the Perceived Stress Scale in Older Adults. J. Alzheimers Dis. 2017, 59, 987–996. [CrossRef] [PubMed]
9. Katz, M.J.; Derby, C.A.; Wang, C.; Sliwinski, M.J.; Ezzati, A.; Zimmerman, M.E.; Zwerling, J.L.; Lipton, R.B. Influence of Perceived

Stress on Incident Amnestic Mild Cognitive Impairment: Results From the Einstein Aging Study. Alzheimer Dis. Assoc. Disord.
2016, 30, 93–98. [CrossRef]

10. Sandi, C. Stress and cognition. Wiley Interdiscip. Rev. Cogn. Sci. 2013, 4, 245–261. [CrossRef]
11. Tsai, N.; Eccles, J.S.; Jaeggi, S.M. Stress and executive control: Mechanisms, moderators, and malleability. Brain Cogn. 2018.

[CrossRef]
12. Cohen, S.; Kamarck, T.; Mermelstein, R. A global measure of perceived stress. J. Health Soc. Behav. 1983, 24, 385–396. [CrossRef]

[PubMed]
13. Hewitt, P.L.; Flett, G.L.; Mosher, S.W. The Perceived Stress Scale—Factor Structure and Relation to Depression Symptoms in a

Psychiatric Sample. J. Psychopathol. Behav. 1992, 14, 247–257. [CrossRef]
14. Martin, R.A.; Kazarian, S.S.; Breiter, H.J. Perceived Stress, Life Events, Dysfunctional Attitudes, and Depression in Adolescent

Psychiatric-Inpatients. J. Psychopathol. Behav. 1995, 17, 81–95. [CrossRef]
15. Roberti, J.W.; Harrington, L.N.; Storch, E.A. Further Psychometric Support for the 10-Item Version of the Perceived Stress Scale. J.

Coll. Couns. 2006, 9, 135–147. [CrossRef]
16. Ezzati, A.; Jiang, J.; Katz, M.J.; Sliwinski, M.J.; Zimmerman, M.E.; Lipton, R.B. Validation of the Perceived Stress Scale in a

community sample of older adults. Int. J. Geriatr. Psychiatry 2014, 29, 645–652. [CrossRef] [PubMed]
17. Taylor, J.M. Psychometric analysis of the Ten-Item Perceived Stress Scale. Psyhcol. Assess. 2015, 27, 90–101. [CrossRef]
18. Katz, M.J.; Lipton, R.B.; Hall, C.B.; Zimmerman, M.E.; Sanders, A.E.; Verghese, J.; Dickson, D.W.; Derby, C.A. Age-specific and

sex-specific prevalence and incidence of mild cognitive impairment, dementia, and Alzheimer dementia in blacks and whites: A
report from the Einstein Aging Study. Alzheimer Dis. Assoc. Disord. 2012, 26, 335–343. [CrossRef] [PubMed]

19. Jiang, J.M.; Seng, E.K.; Zimmerman, M.E.; Kim, M.; Lipton, R.B. Positively worded subscale score of the Perceived Stress Scale is
associated with cognitive domain function. J. Behav. Brain Sci. 2017, 7, 311–324. [CrossRef]

20. Korten, N.C.; Comijs, H.C.; Penninx, B.W.; Deeg, D.J. Perceived stress and cognitive function in older adults: Which aspect of
perceived stress is important? Int. J. Geriatr. Psychiatry 2017, 32, 439–445. [CrossRef] [PubMed]

21. Hilmert, C.J.; Christenfeld, N.; Kulik, J.A. Audience status moderates the effects of social support and self-efficacy on cardiovas-
cular reactivity during public speaking. Ann. Behav. Med. Publ. Soc. Behav. Med. 2002, 24, 122–131. [CrossRef] [PubMed]

22. VonDras, D.D.; Powless, M.R.; Olson, A.K.; Wheeler, D.; Snudden, A.L. Differential effects of everyday stress on the episodic
memory test performances of young, mid-life, and older adults. Aging Ment. Health 2005, 9, 60–70. [CrossRef] [PubMed]

23. Kliegel, M.; Ballhausen, N.; Hering, A.; Ihle, A.; Schnitzspahn, K.M.; Zuber, S. Prospective Memory in Older Adults: Where We
Are Now and What Is Next. Gerontology 2016, 62, 459–466. [CrossRef] [PubMed]

24. McDaniel, M.A.; Einstein, G.O. Cognitive Psychology Program. Prospective Memory: An Overview and Synthesis of an Emerging Field;
Sage Publications, Inc.: Thousand Oaks, CA, USA, 2007.

25. Hering, A.; Kliegel, M.; Rendell, P.G.; Craik, F.I.M.; Rose, N.S. Prospective Memory Is a Key Predictor of Functional Independence
in Older Adults. J. Int. NeuroPsyhcol. Soc. 2018, 24, 640–645. [CrossRef]

26. Piefke, M.; Glienke, K. The effects of stress on prospective memory: A systematic review. Psychol. Neurosci. 2017, 10, 345–362.
[CrossRef]

27. Ihle, A.; Kliegel, M.; Hering, A.; Ballhausen, N.; Lagner, P.; Benusch, J.; Cichon, A.; Zergiebel, A.; Oris, M.; Schnitzspahn, K.M.
Adult age differences in prospective memory in the laboratory: Are they related to higher stress levels in the elderly? Front. Hum.
Neurosci. 2014, 8, 1021. [CrossRef] [PubMed]

28. Ihle, A.; Schnitzspahn, K.; Rendell, P.G.; Luong, C.; Kliegel, M. Age benefits in everyday prospective memory: The influence of
personal task importance, use of reminders and everyday stress. NeuroPsyhcol. Dev. Cogn. B Aging NeuroPsyhcol. Cogn. 2012, 19,
84–101. [CrossRef] [PubMed]

http://doi.org/10.1038/nrn2639
http://www.ncbi.nlm.nih.gov/pubmed/19401723
http://doi.org/10.1016/j.tins.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25705750
http://doi.org/10.1016/j.jagp.2012.06.001
http://doi.org/10.1177/2333721418778390
http://www.ncbi.nlm.nih.gov/pubmed/30038953
http://doi.org/10.1016/j.jagp.2016.10.003
http://www.ncbi.nlm.nih.gov/pubmed/28231871
http://doi.org/10.1002/smi.2799
http://www.ncbi.nlm.nih.gov/pubmed/29380933
http://doi.org/10.1037/pag0000036
http://doi.org/10.3233/JAD-170289
http://www.ncbi.nlm.nih.gov/pubmed/28671128
http://doi.org/10.1097/WAD.0000000000000125
http://doi.org/10.1002/wcs.1222
http://doi.org/10.1016/j.bandc.2018.10.004
http://doi.org/10.2307/2136404
http://www.ncbi.nlm.nih.gov/pubmed/6668417
http://doi.org/10.1007/BF00962631
http://doi.org/10.1007/BF02229205
http://doi.org/10.1002/j.2161-1882.2006.tb00100.x
http://doi.org/10.1002/gps.4049
http://www.ncbi.nlm.nih.gov/pubmed/24302253
http://doi.org/10.1037/a0038100
http://doi.org/10.1097/WAD.0b013e31823dbcfc
http://www.ncbi.nlm.nih.gov/pubmed/22156756
http://doi.org/10.4236/jbbs.2017.77023
http://doi.org/10.1002/gps.4486
http://www.ncbi.nlm.nih.gov/pubmed/27059116
http://doi.org/10.1207/S15324796ABM2402_09
http://www.ncbi.nlm.nih.gov/pubmed/12054317
http://doi.org/10.1080/13607860412331323782
http://www.ncbi.nlm.nih.gov/pubmed/15841833
http://doi.org/10.1159/000443698
http://www.ncbi.nlm.nih.gov/pubmed/26950339
http://doi.org/10.1017/S1355617718000152
http://doi.org/10.1037/pne0000102
http://doi.org/10.3389/fnhum.2014.01021
http://www.ncbi.nlm.nih.gov/pubmed/25566036
http://doi.org/10.1080/13825585.2011.629288
http://www.ncbi.nlm.nih.gov/pubmed/22136429


Brain Sci. 2022, 12, 244 12 of 13

29. Cullati, S.; Kliegel, M.; Widmer, E. DevelopMent. of reserves over the life course and onset of vulnerability in later life. Nat. Hum.
Behav. 2018, 2, 551–558. [CrossRef] [PubMed]

30. Sauter, J.; Widmer, E.; Ihle, A.; Kliegel, M. The association of leisure activities in middle adulthood with cognitive performance in
old age: Social capital mediates cognitive reserve effects. Psychol. Neurosci. 2019, 12, 236–246. [CrossRef]

31. Ihle, A.; Oris, M.; Sauter, J.; Rimmele, U.; Kliegel, M. Cognitive Reserve and Social Capital Accrued in Early and Midlife Moderate
the Relation of Psychological Stress to Cognitive Performance in Old Age. Dement. Geriatr. Cogn. Disord. 2018, 45, 190–197.
[CrossRef]

32. Cabeza, R.; Albert, M.; Belleville, S.; Craik, F.I.M.; Duarte, A.; Grady, C.L.; Lindenberger, U.; Nyberg, L.; Park, D.C.; Reuter-Lorenz,
P.A.; et al. Maintenance, reserve and compensation: The cognitive Neurosci.ence of healthy ageing. Nat. Rev. Neurosci. 2018, 19,
701–710. [CrossRef] [PubMed]

33. Lupien, S.J.; King, S.; Meaney, M.J.; McEwen, B.S. Child’s stress hormone levels correlate with mother’s socioeconomic status and
depressive state. Biol. Psychiatry 2000, 48, 976–980. [CrossRef]

34. McEwen, B.S.; Gianaros, P.J. Central role of the brain in stress and adaptation: Links to socioeconomic status, health, and disease.
Ann. N. Y. Acad. Sci. 2010, 1186, 190–222. [CrossRef] [PubMed]

35. Dowd, J.B.; Goldman, N. Do biomarkers of stress mediate the relation between socioeconomic status and health? J. Epidemiol.
Commun. Health 2006, 60, 633–639. [CrossRef]

36. Gersten, O. Neuroendocrine biomarkers, social relations, and the cumulative costs of stress in Taiwan. Soc. Sci. Med. 2008, 66,
507–519. [CrossRef] [PubMed]

37. Fiocco, A.J.; Joober, R.; Lupien, S.J. Education modulates cortisol reactivity to the Trier Social Stress Test in middle-aged adults.
Psychoneuroendocrinology 2007, 32, 1158–1163. [CrossRef] [PubMed]

38. Gianaros, P.J.; Manuck, S.B. Neurobiological pathways linking socioeconomic position and health. Psychosom. Med. 2010, 72,
450–461. [CrossRef] [PubMed]

39. Aneshensel, C.S.; Ko, M.J.; Chodosh, J.; Wight, R.G. The Urban Neighborhood and Cognitive Functioning in Late Middle Age. J.
Health Soc. Behav. 2011, 52, 163–179. [CrossRef] [PubMed]

40. Wight, R.G.; Aneshensel, C.S.; Miller-Martinez, D.; Botticello, A.L.; Cummings, J.R.; Karlamangla, A.S.; Seeman, T.E. Urban
Neighborhood Context, Educational Attainment, and Cognitive Function among Older Adults. Am. J. Epidemiol. 2006, 163,
1071–1078. [CrossRef] [PubMed]

41. Julien, D.; Richard, L.; Gauvin, L.; Kestens, Y. Neighborhood characteristics and depressive mood among older adults: An
integrative review. Int. PsychoGeriatr. 2012, 24, 1207–1225. [CrossRef] [PubMed]

42. Barnett, A.; Zhang, C.J.P.; Johnston, J.M.; Cerin, E. Relationships between the neighborhood environMent. and depression in
older adults: A systematic review and meta-analysis. Int. PsychoGeriatr. 2018, 30, 1153–1176. [CrossRef]

43. Ihle, A.; Gouveia, E.R.; Gouveia, B.R.; van der Linden, B.W.A.; Sauter, J.; Gabriel, R.; Oris, M.; Fagot, D.; Kliegel, M. The Role of
Leisure Activities in Mediating the Relationship between Physical Health and Well-Being: Differential Patterns in Old and Very
Old Age. Gerontology 2017, 63, 560–571. [CrossRef]

44. Ludwig, C.; Cavalli, S.; Oris, M. “Vivre/Leben/Vivere”: An interdisciplinary survey addressing progress and inequalities of
aging over the past 30 years in Switzerland. Arch. Gerontol Geriatr. 2014, 59, 240–248. [CrossRef] [PubMed]

45. Ihle, A.; Jopp, D.S.; Oris, M.; Fagot, D.; Kliegel, M. Investigating Discontinuity of Age Relations in Cognitive Functioning, General
Health Status, Activity Participation, and Life Satisfaction between Young-Old and Old-Old Age. Int. J. Environ. Res. Pub. Health
2016, 13, 1092. [CrossRef] [PubMed]

46. Vallet, F.; Mella, N.; Ihle, A.; Beaudoin, M.; Fagot, D.; Ballhausen, N.; Baeriswyl, M.; Schlemmer, M.; Oris, M.; Kliegel, M.; et al.
Motivation as a mediator of the relation between cognitive reserve and cognitive performance. J. Gerontol. B Psyhcol. Sci. Soc. Sci.
2018, 75, 1199–1205. [CrossRef]

47. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.-G. Statistical power analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef] [PubMed]

48. Kliegel, M.; Martin, M.; Jäger, T. DevelopMent. and validation of the Cognitive Telephone Screening InstruMent. (COGTEL) for
the assessMent. of cognitive function across adulthood. J. Psyhcol. 2007, 141, 147–170. [CrossRef]

49. Ihle, A.; Gouveia, E.R.; Gouveia, B.R.; Kliegel, M. The Cognitive Telephone Screening InstruMent. (COGTEL): A Brief, Reliable,
and Valid Tool for Capturing Interindividual Differences in Cognitive Functioning in Epidemiological and Aging Studies. Dement.
Geriatr. Cogn. Dis. Extra 2017, 7, 339–345. [CrossRef] [PubMed]

50. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-mental state”. A practical method for grading the cognitive state of patients for
the clinician. J. Psychiatr Res. 1975, 12, 189–198. [CrossRef]

51. Reitan, R.M. Validity of the Trail Making Test as an indicator of organic brain damage. Percept. Mot. Ski. 1958, 8, 271–276.
[CrossRef]

52. Wechsler, D. Wechsler Adult Intelligence Scale-Revised; Harcourt Brace Jovanovich: New York, NY, USA, 1981.
53. Benton, A.L.; Hamsher, K.D. Multilingual Aphasia Examination; Iowa University Press: Iowa City, IA, USA, 1976.
54. Panczak, R.; Galobardes, B.; Voorpostel, M.; Spoerri, A.; Zwahlen, M.; Egger, M.; Household, S.N.C.S. A Swiss neighbourhood

index of socioeconomic position: DevelopMent. and association with mortality. J. Epidemiol. Commun. Health 2012, 66, 1129–1136.
[CrossRef]

http://doi.org/10.1038/s41562-018-0395-3
http://www.ncbi.nlm.nih.gov/pubmed/31209322
http://doi.org/10.1037/pne0000146
http://doi.org/10.1159/000488052
http://doi.org/10.1038/s41583-018-0068-2
http://www.ncbi.nlm.nih.gov/pubmed/30305711
http://doi.org/10.1016/S0006-3223(00)00965-3
http://doi.org/10.1111/j.1749-6632.2009.05331.x
http://www.ncbi.nlm.nih.gov/pubmed/20201874
http://doi.org/10.1136/jech.2005.040816
http://doi.org/10.1016/j.socscimed.2007.09.004
http://www.ncbi.nlm.nih.gov/pubmed/18022742
http://doi.org/10.1016/j.psyneuen.2007.08.008
http://www.ncbi.nlm.nih.gov/pubmed/17920776
http://doi.org/10.1097/PSY.0b013e3181e1a23c
http://www.ncbi.nlm.nih.gov/pubmed/20498294
http://doi.org/10.1177/0022146510393974
http://www.ncbi.nlm.nih.gov/pubmed/21673145
http://doi.org/10.1093/aje/kwj176
http://www.ncbi.nlm.nih.gov/pubmed/16707655
http://doi.org/10.1017/S1041610211002894
http://www.ncbi.nlm.nih.gov/pubmed/22300529
http://doi.org/10.1017/S104161021700271X
http://doi.org/10.1159/000477628
http://doi.org/10.1016/j.archger.2014.04.004
http://www.ncbi.nlm.nih.gov/pubmed/24852665
http://doi.org/10.3390/ijerph13111092
http://www.ncbi.nlm.nih.gov/pubmed/27827960
http://doi.org/10.1093/geronb/gby144
http://doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://doi.org/10.3200/JRLP.141.2.147-172
http://doi.org/10.1159/000479680
http://www.ncbi.nlm.nih.gov/pubmed/29118786
http://doi.org/10.1016/0022-3956(75)90026-6
http://doi.org/10.2466/pms.1958.8.3.271
http://doi.org/10.1136/jech-2011-200699


Brain Sci. 2022, 12, 244 13 of 13

55. Hayes, A.F. Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-Based Approach; The Guilford Press:
New York, NY, USA, 2013.

56. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Erlbaum Associates: Hillside, NJ, USA, 1988.
57. Gignac, G.E.; Szodorai, E.T. Effect size guidelines for individual differences researchers. Pers Indiv Differ. 2016, 102, 74–78.

[CrossRef]
58. Aggarwal, N.T.; Wilson, R.S.; Beck, T.L.; Rajan, K.B.; Mendes de Leon, C.F.; Evans, D.A.; Everson-Rose, S.A. Perceived stress and

change in cognitive function among adults 65 years and older. Psychosom. Med. 2014, 76, 80–85. [CrossRef] [PubMed]
59. Lachman, M.E.; Weaver, S.L. The sense of control as a moderator of social class differences in health and well-being. J. Personal.

Soc. Psychol. 1998, 74, 763–773. [CrossRef]
60. Wolinsky, F.D.; Stump, T.E. Age and the sense of control among older adults. J. Gerontol. B-Psyhcol. 1996, 51, S217–S220. [CrossRef]
61. Mirowsky, J.; Ross, C.E. Life course trajectories of perceived control and their relationship to education. Am. J. Sociol 2007, 112,

1339–1382. [CrossRef]
62. Lachman, M.E. Perceived Control over Memory Aging—Developmental and Intervention Perspectives. J. Soc. Issues 1991, 47,

159–175. [CrossRef]
63. Brown, A.D.; Joscelyne, A.; Dorfman, M.L.; Marmar, C.R.; Bryant, R.A. The impact of perceived self-efficacy on memory for

aversive experiences. Memory 2012, 20, 374–383. [CrossRef]
64. Brown, A.D.; Kouri, N.A.; Rahman, N.; Joscelyne, A.; Bryant, R.A.; Marmar, C.R. Enhancing self-efficacy improves episodic future

thinking and social-decision making in combat veterans with posttraumatic stress disorder. Psychiatry Res. 2016, 242, 19–25.
[CrossRef]

65. Keech, J.J.; Hagger, M.S.; O’Callaghan, F.V.; Hamilton, K. The Influence of University Students’ Stress Mindsets on Health and
Performance Outcomes. Ann. Behav. Med. 2018, 52, 1046–1059. [CrossRef]

http://doi.org/10.1016/j.paid.2016.06.069
http://doi.org/10.1097/PSY.0000000000000016
http://www.ncbi.nlm.nih.gov/pubmed/24367123
http://doi.org/10.1037/0022-3514.74.3.763
http://doi.org/10.1093/geronb/51B.4.S217
http://doi.org/10.1086/511800
http://doi.org/10.1111/j.1540-4560.1991.tb01840.x
http://doi.org/10.1080/09658211.2012.667110
http://doi.org/10.1016/j.psychres.2016.05.026
http://doi.org/10.1093/abm/kay008

	Introduction 
	Materials and Methods 
	Study Participants 
	Measures 
	Cognitive Functioning 
	Neighborhood Socioeconomic Position 
	Statistical Analyses 

	Results 
	Sample Characteristics 
	Correlations between Age, Education, PSS, Neighborhood SEP, and Cognitive Functions 
	Regression Analyses 
	Moderation Analyses 

	Discussion 
	Conclusions 
	References

