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this issue (Werner 2004; Cantegreil-Kallen and Pin 2012). 
This concern is aggravated by the rapid aging of the global 
population. According to the United Nations, by 2050, one 
in six people worldwide will be 65 years old or more, com-
pared to one in eleven in 2019. This situation underscores 
the critical need to identify modifiable factors that can 
mitigate cognitive decline in older age. Although cognitive 
deterioration is influenced by several general factors, the 
stress response, and particularly the basal functioning of the 
hypothalamic-pituitary-adrenal (HPA) axis and the related 
cortisol changes, emerges as a pivotal element.

Cortisol secretions adhere to a circadian rhythm, typi-
cally initiating a gradual increase in the second part of the 
night when levels are at their lowest (O’Hara et al. 2007), 
peaking 30–45  min post-awakening, and reaching lower 
levels at the end of the day. Regarding post-awakening cor-
tisol levels, according to Stalder et al. (2024), two indices 
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Abstract
Age-associated cognitive decline is a growing social problem and a major concern for older adults, highlighting the need 
to identify modifiable factors to mitigate it. The basal functioning of the hypothalamic-pituitary-adrenal (HPA) axis, and, 
especially, the post-awakening cortisol levels, seems to play a key role in cognitive performance related to functions 
dependent on the prefrontal cortex and hippocampus. Regulating these cortisol levels is crucial in this context, and resil-
ience has been recognized as vital for successful aging and cognitive functioning. This study was designed to examine 
how post-awakening cortisol levels (both the cortisol awakening response, CAR (AUCi) and total post-awakening cortisol 
secretion, AUCg) could predict cognitive decline across different domains, and explore the role of resilience in this rela-
tionship. To investigate this, a follow-up study conducted between 2018 (Wave 1, W1) and 2022 (Wave 2, W2) included 
53 healthy adults who completed tasks assessing verbal fluency, executive function, declarative memory, and resilience in 
both waves to study the cognitive decline. Moreover, in W1, participants provided four morning saliva samples on two 
consecutive working days to assess post-awakening cortisol levels on days that were different from the cognitive testing 
sessions. Results showed a negative association between AUCg and both phonemic and semantic fluency decline, but not 
in other cognitive domains, indicating a beneficial effect of post-awakening cortisol secretion on cognitive maintenance 
that appears be domain specific. In addition, resilience positively mediated the association between the CAR and the main-
tenance of semantic fluency. These findings underscore the role of post-awakening cortisol levels in supporting resilience 
and protecting prefrontal cortex-dependent functions, such as semantic fluency, over functions reliant on the hippocampus.
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can be obtained: (i) the change in levels with reference to 
the awakening level and (ii) the absolute levels during the 
post-awakening period. The former can be known as the 
cortisol awakening response (CAR), and it is usually calcu-
lated considering the Area Under the Curve with respect to 
the increase (the CAR itself or AUCi). The latter represents 
the total post-awakening cortisol secretion, and it is calcu-
lated as the Area Under the Curve with respect to the ground 
(AUCg). Both indices are widely regarded as representa-
tive measures of post-awakening cortisol levels, and they 
are assumed to prepare the body for the cognitive, physical, 
and emotional demands of the day by supplying the essen-
tial energy needed for the shift from a state of rest to one of 
activity (Stalder et al. 2024). Although these two indices are 
mathematically related, AUCg is less responsive to short-
term fluctuations than CAR, and it is considered more stable 
over time (Stalder et al. 2016), which may lead to distinct 
effects on cognition and emotion regulation.

A systematic review by Law and Clow (2020) explored 
the relationship of the post-awakening cortisol response 
with different cognitive domains, proposing that it could 
act as a time-of-day marker. This proposal could potentially 
explain associations between the magnitude of the CAR and 
the function of brain regions with a high affinity for cortisol, 
such as the prefrontal cortex and hippocampus, which are 
mainly associated with executive functions and declarative 
memory, respectively. Regarding the prefrontal cortex, and 
according to the idea presented in Mizoguchi et al. (2004) 
that endogenous glucocorticoids in this area modulate cog-
nitive functions, existing literature, such as Dierolf et al. 
(2016), generally shows a positive association between 
cortisol levels and prefrontal cortex functions. One of the 
most well-known prefrontal cortex-dependent functions is 
executive functioning, which Diamond (2013) divided into 
three main subcategories: inhibition, working memory, and 
cognitive flexibility. Thus, Geerlings et al. (2015) found a 
positive relationship between higher CAR and the inhibi-
tion capacity, assessed using the Stroop III test. In the case 
of working memory, Moriarty et al. (2014) observed a posi-
tive association with morning cortisol levels, specifically 
post-awakening cortisol secretion (AUCg one hour after 
awakening), rather than the CAR itself (AUCi). Addition-
ally, cognitive flexibility or set shifting has been identified 
as an executive function more consistently linked to the 
CAR (Evans et al. 2012). However, Dierolf et al. (2016) 
suggested that this association is more closely tied to acute 
cortisol administration depending on basal cortisol levels. 
These basal levels were assessed using the AUCg within the 
first hour after awakening, a measure more closely related 
to total post-awakening cortisol secretion than to the CAR 
itself.

Regarding hippocampus-dependent memory, Law and 
Clow 2020 proposed that the CAR may negatively affect 
declarative memory, as previously found by Almela et al. 
(2012) and Hidalgo et al. (2016), although some studies 
presented a positive association (Ennis et al. 2016) or even 
no relationship between the CAR and declarative memory 
(Evans et al. 2012). The majority of the published studies 
employed cross-sectional rather than longitudinal designs 
(Ouanes et al. 2020; Tsui et al. 2020), yielding contradic-
tory findings. Thus, Tsui et al. (2020) failed to identify a 
prospective effect of the CAR on cognitive change over 
a 5-year follow-up period, whereas Ouanes et al. (2020) 
reported slowness in the increase or even a decrease in the 
CAR peak, calculated as the cortisol level measured 30 min 
after awakening, as cognitive decline progresses. This gap in 
the literature in terms of longitudinal research is particularly 
relevant, given that the CAR may be a sensitive predictor 
of long-term cognitive changes. Recent evidence highlights 
the role of the CAR in modulating synaptic plasticity and 
cognitive functions (Kalafatakis et al. 2018; Liston et al. 
2013). Cortisol effects accumulate over time, which sup-
ports the idea that chronic stress gradually disrupts neuro-
cognitive processes, ultimately impairing cognition (Law 
and Clow 2020).

Given the well-established link between cortisol and cog-
nitive performance, managing cortisol levels may play an 
intermediary role in this relationship. As previously men-
tioned, post-awakening cortisol levels prepare the body not 
only for cognitive, but also for emotional challenges (Stalder 
et al., 2024). Specifically, the CAR may attenuate the stress-
distress association (Powell and Schlotz 2012) and coun-
ter-regulate prior-day emotional experiences, which can be 
exacerbated by increased prior-evening worrying and rumi-
nation (Zoccola et al. 2011), elevated stress levels (Kramer 
et al. 2019), and high chronic work overload (Schlotz et 
al., 2004). In this context, the ability to effectively regulate 
stress and emotions becomes crucial in maintaining cogni-
tive function. Resilience, a concept closely tied to HPA axis 
regulation, plays a key role in this process, enabling individ-
uals to sustain cognitive performance despite the challenges 
posed by aging or pathology (Yang et al. 2021). Indeed, resil-
ience is a crucial component of successful aging (Musich et 
al. 2022) and overall well-being, and strengthening it has 
been recognized as a public health priority by the World 
Health Organization WHO (2022). Resilience impacts cog-
nitive domains differently. More resilient individuals tend 
to score higher on working memory, verbal fluency, and 
processing speed (Fazeli et al. 2019), which are considered 
highly prefrontal cortex-dependent domains (Bonetti et al. 
2019). This situates the prefrontal cortex as a key area for 
resilience (Eaton et al. 2022). However, this positive effect 
of resilience does not seem to occur on functions that are 
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hippocampus-dependent, such as delayed recall (Fazeli et 
al. 2019). Overall, in terms of cognitive change, resilient 
individuals would be less susceptible to cognitive decline 
(Boyle et al. 2024). However, few studies have been carried 
out on resilience and cognitive functioning, which means 
that further longitudinal research is needed to better under-
stand these dynamics (Saez-Sanz et al. 2023).

With this context in mind, the primary objective of this 
study was to investigate the impact of post-awakening 
cortisol levels (i.e., CAR and total post-awakening corti-
sol secretion or AUCg) on decline, over a period of four 
years, on cognitive domains dependent on hippocampal and 
prefrontal cortex functioning in healthy individuals. Given 
that post-awakening cortisol levels (Kupper et al. 2005) and 
the CAR (Wüst et al. 2000) show substantial heritability 
(32–40%), and considering the role of the CAR in modulat-
ing synaptic plasticity and its accumulating neurobiological 
effects (Stalder et al. 2024), we hypothesize that its impact 
on cognition may become evident when examining changes 
in cognitive performance four years later. Thus, we hypoth-
esized that post-awakening cortisol, measured at baseline 
(Wave 1, W1), could either protect against or contribute to 
cognitive decline over time (Wave 2, W2), depending on the 
cognitive domain.

Based on this, we expected, on the one hand, that higher 
cortisol levels after awakening, particularly AUCg given 
its greater stability (Stalder et al. 2016), measured at W1, 
would be more strongly associated with protection against 
decline in prefrontal-dependent functions when assessed 
four years later (i.e., greater total post-awakening cortisol 
secretion, less decline in cognitive flexibility and executive 
functions) (Evans et al. 2012; Bäumler et al. 2014; Moriarty 
et al. 2014; Geerlings et al. 2015; Dierolf et al. 2016). On the 
other hand, and following previous literature, we expected a 
negative effect of baseline post-awakening cortisol levels on 
cognitive decline in hippocampal-dependent domains over 
the following four years (i.e. higher post-awakening cortisol 
levels, greater decline in declarative memory) (Almela et al. 
2012; Hidalgo et al. 2016). Additionally, due to the close 
link between post-awakening cortisol, stress regulation, 
and cognitive performance or decline, we aimed to inves-
tigate the mediational role of resilience in this relationship. 
Given its role in stress adaptation, emotional regulation, and 
preserved cognitive functioning (Wolf et al. 2019; Yang et 
al. 2021), we propose that resilience would be a potential 
intermediary. Thus, we hypothesized that resilience would 
positively mediate the association between post-awakening 
cortisol and cognitive decline, particularly in cognitive 
domains dependent on prefrontal cortex functioning.

Materials and methods

Participants

All the participants were undergraduates from the Univer-
sity of Valencia (Spain) enrolled in a study program for 
people over 50 years of age called “Nau Gran”. They were 
native Spanish speakers and residents of the province where 
the study was conducted. In Wave 1 (W1, 2018–2019), 
164 healthy adults (82 men and 82 women) (M = 43.36, 
SD = 21.69) participated in the study. The exclusion criteria 
at W1 were: (i) smoking more than 10 cigarettes a day, (ii) 
alcohol or other drug abuse, (iii) visual or hearing problems, 
(iv) diabetes, neurological, or psychiatric disease, (v) using 
any medication directly related to emotional or cognitive 
functioning or able to influence hormonal levels, such as 
glucocorticoids, psychotropic substances, or sleep medi-
cations, (vi) having been under general anesthesia once or 
more than once in the past year, and (vii) the presence of a 
stressful life event (e.g. death of a relative, divorce or sepa-
ration, having been fired, serious personal illness, serious 
personal accident or injury, or serious illness in the family) 
in the past year. None of the participants scored less than 27 
on the Spanish version of the Mini-Mental State Examina-
tion (MMSE) (Lobo et al. 1999), indicating the absence of 
cognitive impairment.

Four years later, in Wave 2 (W2, 2022–2023), partici-
pants were contacted by telephone and invited to take part 
in a follow-up study. Fifty-three individuals (24 men and 29 
women) (M = 57.55, SD = 19.77) agreed to participate in this 
second wave (W2). All the participants met the same health 
criteria as in W1, except for three participants who scored 
less than 27 on the MMSE. Therefore, we carried out all the 
analyses with and without these three participants.

One hundred and eleven participants from W1 (58 men 
and 53 women) did not agree to participate in W2, which 
meant there was a high experimental attrition (67.68%). 
They declined our invitation for several reasons: (i) 17 said 
they were very busy and would not have time, (ii) nine 
refused without giving any reason, (iii) six had moved far 
away, (iv) one had passed away, and, finally, (v) 78 did not 
answer the phone or the phone numbers were erroneous.

This study was approved by the Ethics Committee of the 
University of Valencia (Code: 1034878) in accordance with 
the ethical standards of the Declaration of Helsinki. Partici-
pants signed the informed consent after receiving an expla-
nation of the general procedure in the two waves.

Procedure and cognitive assessment

In W1 and W2, participants were asked to attend a neuro-
psychological session at the Social Cognitive Neuroscience 
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and then name the ink colors on the second and third trials 
as quickly and accurately as possible within a 45-second 
timeframe. The interference index, calculated according to 
the following formula: WC – (W×C)/(W + C), served as a 
measure of the ability to inhibit automatic responses, with 
higher scores reflecting better performance.

Declarative memory The Spanish version of the Free 
and Cued Selective Reminding Test (FCSRT) (Peña-Casa-
nova et al. 2009) was used to measure declarative memory 
performance. This test consists of a list of 16 words, each 
belonging to a different semantic category, where the sub-
ject has to identify each word when answering a question 
(e.g., which one is a bird? ). Then, the distracting task starts, 
where the participant has to subtract numbers by 3s for 20 s. 
Afterwards, the free recall begins and lasts for 90 s. On the 
facilitated recall task, the experimenter asks participants 
facilitating questions about words they did not remember 
in the free recall part. The same process is repeated in three 
trials. The index used was the Total Immediate Recall (TIR), 
which represents the sum of the recall across three trials, 
including facilitated recall, with a maximum score of 48 
points.

In addition, participants completed the short version 
(Campbell-Sills and Stein 2007) of the Spanish version 
(Notario-Pacheco et al. 2011) of the Connor-Davidson 
Resilience Scale (CD-RISC) to assess resilience. This 
10-item scale, rated on a 5-point Likert scale (0 = “rarely” 
to 4 = “almost always”), evaluates an individual’s ability 
to deal with and recover from adversity and stress experi-
enced in the past month, including adaptability to change, 
overcoming challenges, and confidence in managing diffi-
culties. Scores range from 0 to 40, with higher scores indi-
cating greater resilience. Cronbach’s alpha for resilience 
was α = 0.78.

Salivary cortisol

In W1, after the assessment session, all the participants 
were given detailed written instructions to collect cortisol 
samples at home by themselves. They were asked to col-
lect a total of four saliva samples at home immediately after 
awakening and 15-, 30-, and 45-min post-awakening on 
two consecutive weekdays using Salivettes (SARSTEDT, 
Nümbrecht, Germany). To ensure compliance with the sam-
pling protocol, the cotton from the Salivettes was stored in 
MEMS TrackCap Containers (MEM 6 TrackCap Monitor, 
Aardex Ltd., Switzerland) to objectively verify the time 
of saliva collection. In addition, participants recorded the 
collection times in a log. However, no objective verifica-
tion of awakening times was conducted, which represents a 
deviation from the recommended guidelines of Stalder et al. 
(2016). Participants were instructed to keep the Salivettes 

Laboratory (University of Valencia, Spain). Before each 
session, participants were interviewed by phone to obtain 
information about their general habits (e.g., alcohol con-
sumption, smoking), including information about their 
medication, among other things, in order to find out whether 
they met the inclusion criteria (see Participants section). 
Moreover, participants were asked to maintain their general 
habits, that is, sleep as much as usual, refrain from heavy 
physical activity the day before the session, and not con-
sume alcohol from the night before the session.

The cognitive assessment was conducted between 
10.00 h and 12.00 h in both waves. In each session, partici-
pants completed several tests assessing different cognitive 
domains: verbal fluency, executive function, and declarative 
memory.

Verbal fluency To assess verbal fluency performance two 
distinct tests measuring phonemic and semantic fluency 
were used. To assess phonemic fluency, participants were 
told to generate as many words as possible starting with 
the letters F, A, and S. To evaluate semantic fluency, par-
ticipants were asked to generate as many words as possible 
within the animal category. Each category had a time limit 
of 60 s. Only correct responses were scored, with intrusions, 
repeated attempts, and variations within the same species 
not being counted. Instructions were provided according to 
the administration procedures outlined in the Barcelona Test 
(Peña-Casanova 1991).

Executive function Two tasks were used to measure exec-
utive function, the Trail-Making Test (TMT; Reitan and 
Wolfson 1995) and the Stroop Color-Word Interference Test 
(Golden et al. 1978). The TMT consists of 25 circles dis-
tributed on a white sheet of paper. Participants were asked 
to trace a line connecting the circles as quickly as possible. 
The test consisted of two different forms: (i) The TMT-A 
consisted of circles containing 25 numbers that participants 
had to connect in numerical sequence. The TMT-A was used 
to assess general psychomotor speed and attention; (ii) The 
TMT-B included circles containing numbers from 1 to 25 and 
letters from A to L. Participants were instructed to connect 
numbers and letters in ascending order, alternating between 
numbers and letters. The TMT-B assessed the efficiency 
of their attention-switching performance. The outcome on 
each form was the time (in seconds) needed to complete the 
test, with less time indicating better performance. Golden’s 
version of the Stroop Color-Word Interference Test (Golden 
et al. 1978) comprises three distinct trials. The first trial 
features 100 color words printed in black ink (words trial; 
W); the second trial displays 100 “Xs” printed in different 
colors (red, green, and blue) (colors trial; C); and the third 
trial shows 100 color words from the first trial printed in 
colors that do not match the words (words-colors; WC). Par-
ticipants were instructed to read the words on the first trial 
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associated with the CAR and AUCg. Additionally, sex, age, 
and awakening time (AT) were included as covariates to 
control for their potential influence on this relationship. To 
control for potential non-adherence effects, analyses were 
conducted twice: first with the total sample (total sample 
CAR) and then exclusively with the 2-Day CAR group (see 
Sect. 3.1).

Finally, following Preacher et al. (2007), a mediation 
analysis was performed to assess whether resilience medi-
ates the relationship between the CAR and the change in 
semantic fluency, according to the results obtained in the 
regression analyses. There is some consensus that there 
should only be one requirement to establish mediation: the 
indirect effect (a*b) has to be significant (Zhao et al. 2010; 
Hayes 2017). We entered post-awakening cortisol secre-
tion at W1 as the independent variable, resilience as the 
mediator, and cognitive decline (W1-W2) in both phone-
mic fluency and semantic fluency as the dependent variable. 
Furthermore, we included age, sex, and AT as covariates. 
The bootstrap data resampling procedure draws random 
samples of a fixed sample size with replacements from the 
dataset, which increases the statistical power. This type of 
statistical approach partially corrects the sample size issue 
and controls for this factor in the analyses (Hayes 2017).

We used the Hayes PROCESS macro (Hayes 2017), spe-
cifically model number 4, with SPSS (version 28; IBM Cor-
poration, Armonk, NY, USA). All p values were two-tailed, 
and the level of significance was taken as p < 0.05.

Results

Adherence to the salivary sampling protocol

It has been acknowledged that the timing of the first saliva 
sample impacts the reliability of the CAR measurement, 
and so strict control is necessary. Previous studies indicate 
that a delay in collecting the first saliva sample might result 
in a negative CAR, characterized by a decrease in corti-
sol levels after awakening (Thorn et al. 2006). Following 
these authors, we identified the possible non-adherent sub-
jects in the same way as our group did in previous research 
(Almela et al. 2012; Hidalgo et al. 2016; Puig-Perez et al. 
2016; Pulopulos et al. 2016a, b; Zapater-Fajarí et al. 2021). 
Thus, to control this issue, we divided the sample into two 
groups: (i) 2-Day CAR group: those who had a positive 
CAR (i.e., cortisol AUCi > 0) on both days, and (ii) 1- or 
0-Day CAR group: those who had a positive CAR on only 
one day or none. Of the total sample, 46.15% of the par-
ticipants showed a positive CAR on both days (16 women 
and 8 men), 36.54% of the participants showed a positive 
CAR on only one day (8 women and 11 men), and the other 

in a refrigerator until they delivered them to the laboratory. 
Moreover, participants were instructed to drink only water 
and not eat, smoke, or take any stimulants (such as coffee, 
cola, caffeine, tea, or chocolate) until they had completed 
the morning saliva samples from waking until 45 min later.

When the samples arrived at the laboratory, they 
were kept in the refrigerator until they were centrifuged 
(4000  rpm for 15  min). After the centrifugation, samples 
resulted in a clear liquid with low viscosity that would be 
stored at -80ºC for posterior analyses. These biochemical 
analyses were carried out in duplicate with the salivary cor-
tisol ELISA kit from Salimetrics (Newmarket, UK). Assay 
sensitivity was > 0.007 ug/dL. Inter- and intra- assay varia-
tion coefficients were all below 8%. Cortisol levels were 
expressed in nmol/L.

Statistical analyses

The CAR was calculated as the area under the curve with 
respect to the increase (AUCi), and the total post-awakening 
secretion was calculated as the area under the curve with 
respect to the ground (AUCg) from the 0-, 15-, 30-, and 
45-min cortisol samples (see Pruessner et al. 2003 for for-
mulas). In six cases, one saliva sample was missing out of 
the eight collected. In these cases, since the missing data 
accounted for less than 20% of the total, the missing values 
were imputed using the expectation-maximization method. 
The CAR and AUCg values were missing for two partici-
pants who had more than one missing saliva sample, and 
these participants were excluded from the analyses. In addi-
tion, cortisol values were log transformed because they did 
not follow a normal distribution.

Before performing the statistical analyses, participants 
who scored ± 3 SD from the mean were identified and 
winsorized by replacing their values with the largest (or 
smallest) value without outliers, following the Value Modi-
fication Method (Kwak and Kim 2017). Replaced data cor-
responded to four participants with 2 values on FCSRT TIR 
total (one outlier in W1 and one in W2), four participants 
with 5 values on TMT total (one outlier on TMT-A W1; two 
on TMT-B W1, and two on TMT-B W2), and one participant 
on the SFT in W1.

Paired t-test analyses were performed to assess differ-
ences on all the cognitive tests between W1 and W2, in 
order to view possible changes across time in the cognitive 
function and resilience in the entire sample.

To investigate the association between post-awakening 
cortisol levels and cognitive decline, a new variable was 
computed by subtracting W2 performance from W1 per-
formance (W1-W2) for each cognitive outcome, represent-
ing the magnitude of cognitive decline. Partial correlations 
were then performed to examine whether this decline was 
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15.38% of the participants did not show a positive CAR on 
either of the two days (5 women and 3 men). These results 
were obtained by including all 53 participants because, even 
after excluding the 3 participants who scored less than 27 on 
the MMSE, we obtained the same result.

To control for a possible effect of non-adherence to the 
protocol, we repeated the analyses, first with the complete 
sample (Total sample CAR), and then only with the 2-Day 
CAR group. This differentiation was made because partici-
pants with 1- or 0-Day CAR might have experienced a delay 
in collecting the first saliva sample, although other explana-
tions, such as unreported diseases, cannot be ruled out. The 
cortisol profiles of both groups are illustrated in Fig. 1.

Differences in cognitive function and resilience 
between W1 and W2

Regarding cognitive function, significant changes were only 
observed between the waves in verbal fluency, more spe-
cifically in semantic fluency (W1: M = 23.33, SD = 6.2; W2: 
M = 20.84, SD = 6.18; t(37) = 2.998, p = 0.004), indicating a 
decline in performance in the four-year period, given that in 
W2 the performance was worse than in W1. No significant 
differences were observed in the remaining cognitive mea-
sures between the two waves (see Table 1).

In contrast, the scores on the resilience questionnaire 
were higher in W2 (M = 28.18, SD = 5.64) than in W1 
(M = 29.74, SD = 5.34) (t(49) = 2.31, p = 0.038).

Relationship between post-awakening cortisol 
levels and cognitive decline

Results of the partial correlations analyses did not show 
a predictive role of CAR in any of the cognitive change 
outcomes (all p > 0.12) (See Table  2). However, the total 
post-awakening cortisol secretion was negatively related to 
both phonemic and semantic fluency decline (p < 0.01 and 
p < 0.04, respectively) (see Table 2).

Table 1  Mean values (M), standard deviations (SD), and dependent 
t-test for resilience and cognitive tests in wave 1(W1) and wave 2 (W2) 
and the differences between them (W1-W2)

W1
M (SD)

W2
M (SD)

W1-
W2 M 
(SD)

t p

CD-Risc 29.74(5.34) 28.18(5.64) 1.56 
(5.18)

2.130 0.038

FCSRT TIR 44.92(3.43) 44.41(4.18) 0.49 
(4.3)

0.861 0.394

PFT 40.73(10.33) 42.63(8.5) -1.9 
(9.6)

-1.415 0.163

SFT 23.33(6.2) 20.84(6.18) 2.51 
(5.98)

2.998 0.004

TMT A 39.51(11.58) 41.47(13.8) -1.96 
(12.27)

-1.141 0.259

TMT B 78.26(21.49) 76.80(25.24) 1.45 
(24.67)

0.420 0.676

Stroop 5.57(7.7) 7.39(10.26) -1.83 
(10.13)

-1.223 0.228

Note: FCSRT TIR = Total Immediate Recall; PFT = Phonological Flu-
ency Test; SFT = Semantic Fluency Test; TMT = Trail Making Test

Table 2  Partial correlation analysis between CAR and AUCg and cognitive changes, controlled by sex, age and awakening time for both total 
sample CAR and 2-Day-CAR groups for CAR index and AUCg only for total sample CAR group

CAR AUCg
Total sample CAR 2-Day-CAR Total sample CAR
r p r p r p

FCSRT TIR Change -0.09 0.59 -0.35 0.12 -0.30 0.07
PFT Change -0.19 0.26 -0.22 0.34 -0.46 0.004
SFT Change 0.01 0.94 0.05 0.83 -0.35 0.04
TMT A Change -0.18 0.29 -0.11 0.64 -0.23 0.16
TMT B Change -0.11 0.49 -0.35 0.12 -0.05 0.78
Stroop Change -0.21 0.20 0.23 0.32 -0.20 0.24
Note: FCSRT TIR = Total Immediate Recall; PFT = Phonological Fluency Test; SFT = Semantic Fluency Test; TMT = Trail Making Test

Fig. 1  2-Day CAR and 1- or 0-Day CAR groups. Depicted values are 
means, and error bars represent SEM. *(p < 0.05)
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secretion on semantic fluency decline through resilience 
was significant and negative (path ab: B=-1.54, SE = 0.89, 
LLCI= -3.6, ULCI=-0.04) (See Table 4; Fig. 2). In contrast, 
the conditional indirect effect on phonemic fluency decline 
through resilience was not significant (see Table 3).

Discussion

The present study was designed to investigate the impact 
of post-awakening cortisol (specifically CAR and total 
post-awakening cortisol secretion, AUCg), measured at 
baseline (W1), on cognitive domain changes during a four-
year follow-up period in healthy individuals, particularly in 
cognitive domains dependent on prefrontal cortex and hip-
pocampus functioning. In addition, we aimed to explore the 
mediating role of resilience in this association. The main 
results of our study were: (i) a decline was only found in the 
semantic fluency domain; (ii) total post-awakening cortisol 
secretion was negatively associated with both phonemic and 

Testing the mediation model: the role of resilience

Resilience was tested as a mediator in the association 
between total post-awakening cortisol secretion and pho-
nemic or semantic fluency performance. Resilience only 
played a mediational role in the relationship between AUCg 
and semantic fluency decline, but not in phonemic fluency 
decline. Specifically, mediation analysis showed that higher 
total post-awakening cortisol secretion was associated with 
higher resilience (path a: B = 4.63, SE = 1.88, p = 0.02), and 
resilience, measured at W1, was significantly and nega-
tively associated with semantic fluency decline (path b: B = 
-0.33, SE = 0.16, p = 0.04), whereas no such association was 
observed for phonemic fluency decline (see Table 3).

The direct effect, which examines the relationship between 
total post-awakening cortisol secretion and semantic flu-
ency decline while accounting for resilience, did not show 
any association (path c’: B = -3.32, SE = 2.01, p = 0.11). The 
conditional indirect effect of total post-awakening cortisol 

Table 3  Mediation model to test the indirect effect of AUCg on decline on the phonemic fluency decline via resilience. Dependent variable (Y): 
phonemic fluency decline. Mediator (M): resilience

Effect SE t p LLCI ULCI
a 4.63 1.88 2.47 0.02 0.84 8.43
b 0.3 0.26 1.17 0.25 -0.22 0.82
c’ -11.21 3.24 -3.46 < 0.01 -17.77 -4.66
ab 1.4 1.36 -0.53 4.74
Note: Letters represent the relationship between post-awakening cortisol levels and resilience (a), the relationship between resilience and 
semantic fluency decline (b), and the direct effect (c’) and the indirect effect (ab) for each condition. SE = standard error; LLCI = lower level of 
confidence interval. ULCI = upper level of confidence interval

Table 4  Mediation model to test the indirect effect of AUCg on decline in the semantic fluency decline via resilience. Dependent variable (Y): 
semantic fluency decline. Mediator (M): resilience

Effect SE t p LLCI ULCI
a 4.63 1.88 2.47 0.02 0.84 8.43
b -0.33 0.16 -2.19 0.04 -0.65 -0.01
c’ -3.32 2.01 -1.65 0.11 -7.39 0.76
ab -1.54 0.89 -3.6 -0.04
Note: Letters represent the relationship between post-awakening cortisol levels and resilience (a), the relationship between resilience and 
semantic fluency decline (b), and the direct effect (c’) and the indirect effect (ab) for each condition. SE = standard error. LLCI = lower level of 
confidence interval. ULCI = upper level of confidence interval

Fig. 2  Mediation model to test 
the indirect effect of total post-
awakening cortisol levels on 
the semantic fluency decline via 
resilience. Independent variable 
(X): Total post-awakening corti-
sol levels. Dependent variable 
(Y): Semantic Fluency Decline. 
Mediator (M): Resilience. Note: 
*p < 0.05
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verify cortisol’s association with phonemic and semantic 
fluency decline. As previously noted, the semantic fluency 
task involves set-shifting, a component of executive func-
tion that is strongly influenced by morning cortisol (CAR in 
this context) (Evans et al. 2012). Nevertheless, this positive 
correlation between morning cortisol and cognitive mainte-
nance of semantic fluency was evident only in the total post-
awakening cortisol secretion (AUCg) and not in the CAR. 
This result could be due to the fact that, although they are 
mathematically related and both exhibit significant herita-
bility (Kupper et al. 2005; Wüst et al., 2000), AUCg is less 
dynamic and more stable than CAR (Stalder et al. 2016), 
especially when measured over multiple days (Hellhammer 
et al. 2007), which may enhance its reliability as a longi-
tudinal predictor. This finding is consistent with Dierolf 
et al. (2016), who suggested that the relationship between 
cortisol and set-shifting may be more closely tied to mean 
morning cortisol levels than to the CAR alone. Nonethe-
less, some controversy remains, given that Greendale et 
al. (2000) found that higher cortisol levels were associated 
with a decline in verbal fluency. However, their sample had 
a higher average age than ours, with a mean of 71 years, and 
it included only postmenopausal women. Additionally, the 
cortisol levels were measured in blood, which could have 
influenced the results. Despite a strong correlation between 
free cortisol levels in blood and saliva, approximately 30% 
of free cortisol in blood is converted to cortisone in saliva, 
potentially resulting in lower saliva levels (Levine et al. 
2007). Regarding hippocampal-dependent functions, we did 
not find a significant influence of cortisol on these functions 
in the four-year period. Prior literature had suggested a neg-
ative impact of CAR on declarative memory due to poten-
tial glucocorticoid effects on the hippocampus (Almela et al. 
2012; Hidalgo et al. 2016). Notably, these previous studies 
were predominantly cross-sectional, whereas our study is 
longitudinal.

Our second objective was to explore the role of resilience 
as a mediator in the link between post-awakening cortisol 
levels and cognitive decline. We hypothesized that resil-
ience would positively mediate this association, particularly 
preserving cognitive function. Based on our findings, we 
applied this model specifically to the association between 
total post-awakening cortisol secretion and the decline in 
semantic fluency, the domain where AUCg showed a signif-
icant predictive relationship. Additionally, we examined its 
association with changes in phonemic fluency, where AUCg 
also predicted change, albeit not significantly. Mediation 
analysis revealed a positive effect of resilience exclusively 
in the association with semantic fluency decline. Thus, 
higher total post-awakening cortisol secretion was related 
to higher resilience and, at the same time, less semantic flu-
ency decline. This finding aligns with previous research by 

semantic fluency decline; and (iii) resilience had a mediat-
ing effect on this association; that is, higher total post-awak-
ening cortisol secretion was related to higher resilience, 
which, in turn, was related to less semantic fluency decline.

To achieve this, we first compared the results from the 
four-year follow-up study to identify specific domains 
where participants showed a decline. We explored this 
decline in cognitive domains dependent on prefrontal cortex 
and hippocampus functioning. For prefrontal cortex-depen-
dent functions, we examined executive functions accord-
ing to the paradigm established by Diamond (2013), which 
delineates three subcategories: inhibition, working memory, 
and cognitive flexibility. We found some stability in these 
components, except for a decline in verbal fluency, specifi-
cally on the semantic fluency test. According to previous 
literature, semantic fluency is more strongly associated with 
age (Kozora and Cullum 1995; Crossley et al. 1997) than 
phonemic fluency, suggesting that it is more vulnerable to 
declining with senescence. Following Troyer et al. (1997), 
optimal verbal fluency performance involves generating 
words within a subcategory (referred to as clustering) and 
then shifting to a new subcategory once the current one has 
been exhausted. Clustering is an automatic process that pri-
marily involves semantic categorization associated with the 
temporal lobe, including declarative memory and the hip-
pocampus (Troyer et al. 1998a, b). In contrast, switching 
between subcategories is a more effortful process linked 
to cognitive flexibility and the prefrontal cortex. This dis-
tinction is evident in patients with frontal lobe dysfunction, 
such as those with Parkinson’s disease (Troyer et al. 1998a, 
b), Huntington’s disease (Rich et al. 1999), multiple scle-
rosis (Tröster et al. 1998), and schizophrenia (Robert et al. 
1998). Regarding hippocampal-dependent functions, we 
did not observe an expected decline in episodic memory 
(i.e., total immediate recall). This lack of a decline may 
be explained by the age distribution of our sample, which 
includes individuals both above and below the typical age of 
70 when short-term memory decline is expected (Grégoire 
and Van der Linden 1997). Additionally, the total immedi-
ate recall index has been suggested to be more sensitive to 
memory impairments associated with preclinical AD rather 
than those found in normal aging, which characterizes our 
sample (Papp et al. 2015).

Our initial hypothesis posited that higher CAR or, nota-
bly, higher total post-awakening cortisol secretion measured 
at baseline, would correlate negatively with prefrontal cor-
tex-dependent decline (greater maintenance) and positively 
with hippocampal-dependent decline (a greater decline), 
based on existing literature suggesting cortisol’s influence 
on various cognitive domains (Almela et al. 2012; Evans 
et al. 2012; Moriarty et al. 2014; Geerlings et al. 2015; 
Hidalgo et al. 2016). However, in our sample, we could only 
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These limitations should be addressed in future research to 
enhance the robustness and applicability of the results.

In conclusion, our study contributes to understanding the 
complex interplay between post-awakening cortisol levels, 
cognitive decline, and resilience in healthy individuals over 
a four-year period. Our findings suggest that higher post-
awakening cortisol levels, specifically total post-awakening 
cortisol secretion measured at baseline, are associated with 
less semantic fluency decline, a cognitive domain dependent 
on the prefrontal cortex, over a period of four years. This 
positive association underscores cortisol’s potential protec-
tive role in maintaining cognitive abilities that depend on 
the prefrontal cortex. Moreover, our results highlight resil-
ience as a mediator in the relationship between cortisol and 
cognitive change, particularly in semantic fluency, which 
is of great concern in some clinical conditions with fron-
tal lobe dysfunction. These findings emphasize the impor-
tance of considering psychosocial factors such as resilience 
in understanding the intricate relationship between cortisol 
levels and cognitive functioning.

Understanding the role of resilience in cognitive perfor-
mance and in maintaining cognitive performance, particu-
larly in prefrontal cortex-dependent domains, could provide 
deeper insights into developing interventions for cognitive 
impairment and highlight resilience as a protective factor 
(Saez-Sanz et al. 2023).
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Wolf et al. (2019) and Yang et al. (2021) indicating a positive 
association between resilience and cognitive performance in 
both middle-aged and older adults. Moreover, Peeters et al. 
(2023) emphasized the significance of resilience through-
out various stages of cognitive decline, and the WHO 
(2022) highlighted resilience as a critical public health 
priority. Resilience buffers against stress (Saez-Sanz et al. 
2023), reducing the risk of depression and mortality while 
enhancing quality of life and self-perception (MacLeod et 
al. 2016). Additionally, resilience has emerged as a crucial 
protective factor throughout cognitive aging, mitigating the 
emotional and physiological impact of stress, especially in 
the face of persistent or cumulative stressors. Regarding 
cognitive performance, Fazeli et al. (2019) found better 
performance on working memory, executive functions, and 
verbal fluency—domains dependent on the prefrontal cor-
tex—in resilient Human Immunodeficiency Virus-positive 
individuals of similar ages (mean 51.73 years old). Addi-
tionally, Wang et al. (2022) demonstrated a relationship 
between resilience and working memory in elderly individ-
uals. Semantic fluency, moreover, serves as a critical marker 
for Alzheimer’s disease (Bastin and Salmon 2014), along 
with working memory (Kessels et al. 2011). Thus, resilience 
may serve as a socio-cultural indicator of cognitive reserve, 
due to its association with working memory (Saez-Sanz et 
al. 2023), supporting the idea that cognitive reserve acts as a 
protective factor against dementia and Alzheimer’s disease 
(Stern et al., 2021). Furthermore, Bonetti et al. (2019) iden-
tified both working memory and semantic fluency as being 
dependent on the prefrontal cortex, a key region in resil-
ience (Eaton et al. 2022).

This study presents strengths and limitations that warrant 
consideration. It contributes valuable insights that can fill 
gaps in the scientific literature on the longitudinal relation-
ship between post-awakening cortisol levels and cognitive 
performance (Ouanes et al. 2020), emphasizing the signifi-
cance of resilience in this association. Furthermore, rigorous 
cortisol collection procedures were followed, based on the 
guidelines by Stalder et al. (2016) and updated recommen-
dations by Stalder et al. (2022, 2024), including sample col-
lection on consecutive workdays to ensure accurate results. 
Saliva sampling was employed for cortisol extraction, 
recognized for its reliability in revealing cortisol dynam-
ics (Schulz et al. 1998; Melamed et al. 1999; Powell et al. 
2002; De Vente et al. 2003; Grossi et al. 2005; Söderström 
et al., 2006). However, the study has some limitations, such 
as a relatively small sample size due to challenges in recruit-
ing participants for follow-up waves, largely attributable 
to the constraints imposed by the COVID-19 pandemic. 
Additionally, further studies could have provided valuable 
insights related to CAR by collecting post-awakening cor-
tisol not only one time (W1), but also a second time (W2). 

1 3

https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
https://doi.org/10.13039/501100011033
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


P. Rivas-Diaz et al.

Geerlings MI, Sigurdsson S, Eiriksdottir G, Garcia ME, Harris TB, 
Gudnason V, Launer LJ (2015) Salivary cortisol, brain volumes, 
and cognition in community-dwelling elderly without dementia. 
Neurology 85(11):976–983. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​2​​/​W​N​​L​.​0​0​0​0​0​
0​0​0​0​0​0​0​1​9​3​1

Golden C, Freshwater SM, Golden Z (1978) Stroop color and word 
test. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​t​0​​6​0​6​5​-​0​0​0

Greendale GA, Kritz-Silverstein D, Seeman T, Barrett‐Connor E 
(2000) Higher basal cortisol predicts verbal memory loss in post-
menopausal women: rancho Bernardo study. J Am Geriatr Soc 
48(12):1655–1658. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​1​1​​/​j​.​​1​5​3​​2​-​5​​4​1​5​.​​2​0​​0​0​.​t​b​0​
3​8​7​8​.​x

Grégoire J, Van der Linden M (1997) Effect of age on forward and 
backward digit spans. Aging Neuropsychol Cognition 4(2):140–
149. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​3​​8​2​5​5​8​9​7​0​8​2​5​6​6​4​2

Grossi G, Perski A, Ekstedt M, Johansson T, Lindström M, Holm K 
(2005) The morning salivary cortisol response in burnout. J Psy-
chosom Res 59(2):103–111. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​p​s​​y​c​h​​o​r​e​s​​.​
2​​0​0​5​.​0​2​.​0​0​9

Hayes AF (2017) Introduction to mediation, moderation, and condi-
tional process analysis: A regression-based approach. Guilford

Hellhammer J, Fries E, Schweisthal OW, Schlotz W, Stone AA, Hage-
mann D (2007) Several daily measurements are necessary to 
reliably assess the cortisol rise after awakening: state-and trait 
components. Psychoneuroendocrinology 32(1):80–86. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​0​​6​.​1​0​.​0​0​5

Hidalgo V, Almela M, Pulopulos MM, Salvador A (2016) Memory 
performance is related to the cortisol awakening response in older 
people, but not to the diurnal cortisol slope. Psychoneuroendo-
crinology 71:136–146. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​1​​6​.​
0​5​.​0​1​9

Kalafatakis K, Russell GM, Harmer CJ, Munafo MR, Marchant N, 
Wilson A, Brooks JC, Durant C, Thakrar J, Murphy P, Thai NJ, 
Lightman SL (2018) Ultradian rhythmicity of plasma cortisol is 
necessary for normal emotional and cognitive responses in man. 
Proc Natl Acad Sci U S A 115(17):E4091–E4100. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​1​​0​7​3​​/​p​n​​a​s​.​1​7​1​4​2​3​9​1​1​5

Kessels RP, Molleman PW, Oosterman JM (2011) Assessment of 
working-memory deficits in patients with mild cognitive impair-
ment and alzheimer’s dementia using wechsler’s working mem-
ory index. 23:487–490. Aging clinical and experimental research​
h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​0​7​/​B​F​0​3​3​2​5​2​4​5

Kozora E, Cullum CM (1995) Generative naming in normal aging: 
total output and qualitative changes using phonemic and semantic 
constraints. Clin Neuropsychol 9(4):313–320. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​0​8​0​​/​1​3​​8​5​4​0​4​9​5​0​8​4​0​0​4​9​5

Kramer AC, Neubauer AB, Stoffel M, Voss A, Ditzen B (2019) Tomor-
row’s gonna suck: today’s stress anticipation predicts tomorrow’s 
post-awakening cortisol increase. Psychoneuroendocrinology 
106:38–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​1​​9​.​0​3​.​0​2​4

Kupper N, De Geus EJC, Van Den Berg M, Kirschbaum C, Boomsma 
DI, Willemsen G (2005) Familial influences on basal salivary 
cortisol in an adult population. Psychoneuroendocrinology 
30(9):857–868

Kwak SK, Kim JH (2017) Statistical data preparation: management of 
missing values and outliers. Korean J Anesthesiology 70(4):407–
411. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​4​​0​9​7​​/​k​j​​a​e​.​2​0​1​7​.​7​0​.​4​.​4​0​7

Law R, Clow A (2020) Stress, the cortisol awakening response and 
cognitive function. Int Rev Neurobiol 150:187–217. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​1​6​​/​b​s​​.​i​r​n​.​2​0​2​0​.​0​1​.​0​0​1

Levine A, Zagoory-Sharon O, Feldman R, Lewis JG, Weller A (2007) 
Measuring cortisol in human Psychobiological studies. Physiol 
Behav 90(1):43–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​h​y​​s​b​e​​h​.​2​0​​0​6​​.​0​8​.​0​
2​5

Liston C, Cichon J, Jeanneteau F (2013) Circadian glucocorticoid 
oscillations promote learning-dependent synapse formation and 

References

Almela M, van der Meij L, Hidalgo V, Villada C, Salvador A (2012) 
The cortisol awakening response and memory performance in 
older men and women. Psychoneuroendocrinology 37(12):1929–
1940. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​1​​2​.​0​4​.​0​0​9

Bastin C, Salmon E (2014) Early neuropsychological detection of 
alzheimer’s disease. Eur J Clin Nutr. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​/​e​j​​c​
n​.​2​0​1​4​.​1​7​6

Bäumler D, Kliegel M, Kirschbaum C, Miller R, Alexander N, Stalder 
T (2014) Effect of a naturalistic prospective memory-related task 
on the cortisol awakening response in young children. Biol Psy-
chol 103:24–26. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​i​o​​p​s​y​​c​h​o​.​​2​0​​1​4​.​0​8​.​0​0​5

Bonetti LV, Hassan SA, Lau ST, Melo LT, Tanaka T, Patterson KK, 
Reid WD (2019) Oxyhemoglobin changes in the prefrontal cortex 
in response to cognitive tasks: a systematic review. Int J Neurosci 
129(2):194–202. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​0​​2​0​7​​4​5​4​​.​2​0​1​​8​.​​1​5​1​8​9​0​
6

Boyle R, Townsend DL, Klinger HM, Scanlon CE, Yuan Z, Cough-
lan GT (2024) Identifying longitudinal cognitive resilience from 
cross-sectional amyloid, tau, and neurodegeneration. Alzheimers 
Res Ther 16(1):148. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​3​1​9​5​-​0​2​4​-​0​1​5​1​0​-​
y.… Alzheimer’s Disease Neuroimaging Initiative

Campbell-Sills L, Stein MB (2007) Psychometric analysis and refine-
ment of the connor–davidson resilience scale (CD‐RISC): valida-
tion of a 10‐item measure of resilience. J Trauma Stress: Official 
Publication Int Soc Trauma Stress Stud 20(6):1019–1028. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​j​t​​s​.​2​0​2​7​1

Cantegreil-Kallen I, Pin S (2012) Fear of alzheimer’s disease in the 
French population: impact of age and proximity to the disease. 
Int Psychogeriatr 24(1):108–116. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​7​​/​S​1​​0​4​1​6​
1​0​2​1​1​0​0​1​5​2​9​P

Crossley M, D’arcy C, Rawson NS (1997) Letter and category flu-
ency in community-dwelling Canadian seniors: A comparison of 
normal participants to those with dementia of the alzheimer or 
vascular type. J Clin Exp Neuropsychol 19(1):52–62. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​1​​6​8​8​6​3​9​7​0​8​4​0​3​8​3​6

De Vente W, Olff M, Van Amsterdam JGC, Kamphuis JH, Emmelkamp 
PMG (2003) Physiological differences between burnout patients 
and healthy controls: blood pressure, heart rate, and cortisol 
responses. Occup Environ Med 60(1):i54–i61. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​1​3​6​​/​o​e​​m​.​6​0​.​s​u​p​p​l​_​1​.​i​5​4

Diamond A (2013) Executive functions. Ann Rev Psychol 64(1):135–
168. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​4​6​​/​a​n​​n​u​r​​e​v​-​​p​s​y​c​​h​-​​1​1​3​0​1​1​-​1​4​3​7​5​0

Dierolf AM, Arlt LE, Roelofs K, Kölsch M, Hülsemann MJ, Schäch-
inger H, Naumann E (2016) Effects of basal and acute cortisol on 
cognitive flexibility in an emotional task switching paradigm in 
men. Horm Behav 81:12–19. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​y​h​b​e​h​.​2​0​
1​6​.​0​2​.​0​0​2

Eaton S, Cornwell H, Hamilton-Giachritsis C, Fairchild G (2022) 
Resilience and young people’s brain structure, function and con-
nectivity: A systematic review. Neurosci Biobehavioral Reviews 
132:936–956. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​b​i​o​​r​e​v​.​​2​0​​2​1​.​1​1​.​0​0​1

Ennis GE, Moffat SD, Hertzog C (2016) The cortisol awakening 
response and cognition across the adult lifespan. Brain Cogn 
105:66–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​b​a​n​d​c​.​2​0​1​6​.​0​4​.​0​0​1

Evans P, Hucklebridge F, Loveday C, Clow A (2012) The cortisol 
awakening response is related to executive function in older age. 
Int J Psychophysiol 84(2):201–204. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​i​j​p​​s​
y​c​​h​o​.​2​​0​1​​2​.​0​2​.​0​0​8

Fazeli PL, Moore RC, Vance DE (2019) Resilience attenuates the asso-
ciation between neurocognitive functioning and everyday func-
tioning in individuals aging with HIV in the deep South. Int J 
Geriatr Psychiatry 34(1):72–78. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​g​p​​s​.​4​9​8​8

1 3

https://doi.org/10.1212/WNL.0000000000001931
https://doi.org/10.1212/WNL.0000000000001931
https://doi.org/10.1037/t06065-000
https://doi.org/10.1111/j.1532-5415.2000.tb03878.x
https://doi.org/10.1111/j.1532-5415.2000.tb03878.x
https://doi.org/10.1080/13825589708256642
https://doi.org/10.1016/j.jpsychores.2005.02.009
https://doi.org/10.1016/j.jpsychores.2005.02.009
https://doi.org/10.1016/j.psyneuen.2006.10.005
https://doi.org/10.1016/j.psyneuen.2006.10.005
https://doi.org/10.1016/j.psyneuen.2016.05.019
https://doi.org/10.1016/j.psyneuen.2016.05.019
https://doi.org/10.1073/pnas.1714239115
https://doi.org/10.1073/pnas.1714239115
https://doi.org/10.1007/BF03325245
https://doi.org/10.1007/BF03325245
https://doi.org/10.1080/13854049508400495
https://doi.org/10.1080/13854049508400495
https://doi.org/10.1016/j.psyneuen.2019.03.024
https://doi.org/10.4097/kjae.2017.70.4.407
https://doi.org/10.1016/bs.irn.2020.01.001
https://doi.org/10.1016/bs.irn.2020.01.001
https://doi.org/10.1016/j.physbeh.2006.08.025
https://doi.org/10.1016/j.physbeh.2006.08.025
https://doi.org/10.1016/j.psyneuen.2012.04.009
https://doi.org/10.1038/ejcn.2014.176
https://doi.org/10.1038/ejcn.2014.176
https://doi.org/10.1016/j.biopsycho.2014.08.005
https://doi.org/10.1080/00207454.2018.1518906
https://doi.org/10.1080/00207454.2018.1518906
https://doi.org/10.1186/s13195-024-01510-y
https://doi.org/10.1186/s13195-024-01510-y
https://doi.org/10.1002/jts.20271
https://doi.org/10.1002/jts.20271
https://doi.org/10.1017/S1041610211001529P
https://doi.org/10.1017/S1041610211001529P
https://doi.org/10.1080/01688639708403836
https://doi.org/10.1080/01688639708403836
https://doi.org/10.1136/oem.60.suppl_1.i54
https://doi.org/10.1136/oem.60.suppl_1.i54
https://doi.org/10.1146/annurev-psych-113011-143750
https://doi.org/10.1016/j.yhbeh.2016.02.002
https://doi.org/10.1016/j.yhbeh.2016.02.002
https://doi.org/10.1016/j.neubiorev.2021.11.001
https://doi.org/10.1016/j.bandc.2016.04.001
https://doi.org/10.1016/j.ijpsycho.2012.02.008
https://doi.org/10.1016/j.ijpsycho.2012.02.008
https://doi.org/10.1002/gps.4988


Post-awakening cortisol and resilience: unravelling their impact on cognitive decline

Powell DJ, Schlotz W (2012) Daily life stress and the cortisol awak-
ening response: testing the anticipation hypothesis. PLoS ONE 
7(12):e52067. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​o​n​e​.​0​0​5​2​0​6​7

Powell LH, Lovallo WR, Matthews KA, Meyer P, Midgley AR, Baum 
A, Ory MG (2002) Physiologic markers of chronic stress in pre-
menopausal, middle-aged women. Psychosom Med 64(3):502–
509. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​a​r​​c​l​i​n​/​a​c​p​0​4​1

Preacher KJ, Rucker DD, Hayes AF (2007) Addressing moderated 
mediation hypotheses: theory, methods, and prescriptions. Mul-
tivar Behav Res 42(1):185–227. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​0​0​​2​7​3​1​
7​0​7​0​1​3​4​1​3​1​6

Pruessner JC, Kirschbaum C, Meinlschmid G, Hellhammer DH (2003) 
Two formulas for computation of the area under the curve repre-
sent measures of total hormone concentration versus time-depen-
dent change. Psychoneuroendocrinology 28(7):916–931. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​3​0​6​-​4​5​3​0​(​0​2​)​0​0​1​0​8​-​7

Puig-Perez S, Villada C, Pulopulos MM, Hidalgo V, Salvador A (2016) 
How are neuroticism and depression related to the Psychophysi-
ological stress response to acute stress in healthy older people? 
Physiol Behav 156:128–136. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​h​y​​s​b​e​​h​.​2​
0​​1​6​​.​0​1​.​0​1​5

Pulopulos MM, Puig-Perez S, Hidalgo V, Villada C, Salvador A 
(2016a) Cortisol awakening response and walking speed in older 
people. PLoS ONE 11(5):e0152071. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​
n​a​l​.​p​o​n​e​.​0​1​5​2​0​7​1

Pulopulos MM, Hidalgo V, Puig-Perez S, Salvador A (2016b) Cortisol 
awakening response and cognitive performance in hypertensive 
and normotensive older people. Horm Behav 83:75–82. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​y​h​b​e​h​.​2​0​1​6​.​0​5​.​0​1​4

Reitan RM, Wolfson D (1995) Category test and trail making test as 
measures of frontal lobe functions. Clin Neuropsychol 9(1):50–
56. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​0​​/​1​3​​8​5​4​0​4​9​5​0​8​4​0​2​0​5​7

Rich JB, Troyer AK, Bylsma FW, Brandt J (1999) Longitudinal analy-
sis of phonemic clustering and switching during word-list genera-
tion in huntington’s disease. Neuropsychology 13(4):525. ​h​t​t​p​​s​:​/​​/​
d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​0​8​​9​4​-​4​1​0​5​.​1​3​.​4​.​5​2​5

Robert PH, Lafont V, Medecin I, Berthet L, Thauby S, Baudu C, Dar-
court GUY (1998) Clustering and switching strategies in verbal 
fluency tasks: comparison between schizophrenics and healthy 
adults. J Int Neuropsychol Soc 4(6):539–546. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​1​7​​/​S​1​​3​5​5​6​1​7​7​9​8​4​6​6​0​2​5

Saez-Sanz N, Peralta-Ramirez I, Gonzalez-Perez R, Vazquez-Justo E, 
Caracuel A (2023), April Resilience, stress, and cortisol predict 
cognitive performance in older adults. In Healthcare (Vol. 11, No. 
8, p. 1072). MDPI. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​h​e​​a​l​t​h​c​a​r​e​1​1​0​8​1​0​7​2

Schlotz W, Hellhammer J, Schulz P, Stone AA 2004 (Mar-Apr) 
Perceived work overload and chronic worrying predict week-
end-weekday differences in the cortisol awakening response. 
Psychosom Med 66(2):207–214. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​7​​/​0​1​​.​p​s​​y​.​
0​​0​0​0​1​​1​6​​7​1​5​.​7​8​2​3​8​.​5​6

Schulz P, Kirschbaum C, Prüßner J, Hellhammer D (1998) Increased 
free cortisol secretion after awakening in chronically stressed 
individuals due to work overload. Stress Med 14(2):91–97. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​1​0​.​1​0​0​2​/​(​S​I​C​I​)​1​0​9​9​-​1​7​0​0​(​1​9​9​8​0​4​)​1​4​:​2​%​3​C​9​1​:​:​A​I​D​-​S​
M​I​7​6​5​%​3​E​3​.​0​.​C​O​;​2​-​S

Söderström M, Ekstedt M, Åkerstedt T (2006) Weekday and weekend 
patterns of diurnal cortisol, activation and fatigue among people 
scoring high for burnout. SJWEH Supplements, (2), 35–40

Stalder T, Kirschbaum C, Kudielka BM, Adam EK, Pruessner JC, 
Wüst S, Clow A (2016) Assessment of the cortisol awakening 
response: expert consensus guidelines. Psychoneuroendocrinol-
ogy 63:414–432. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​1​​5​.​1​0​.​0​1​0

Stalder T, Lupien SJ, Kudielka BM, Adam EK, Pruessner JC, Wüst 
S, Clow A (2022) Evaluation and update of the expert consensus 
guidelines for the assessment of the cortisol awakening response 

maintenance. Nat Neurosci 16:698–705. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​3​8​​
/​n​n​​.​3​3​8​7

Lobo A, Saz P, Marcos G, Día JL, de la Cámara C, Ventura T, Aznar 
S (1999) Revalidación y normalización del Mini-Examen Cog-
noscitivo (primera versión en castellano del Mini-Mental Status 
Examination) en la población general geriátrica. Med Clin (Barc), 
112(20), 767– 74. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​1​2​:​​7​6​7​​-​7​7​​4​.​L​o

MacLeod S, Musich S, Hawkins K, Alsgaard K, Wicker ER (2016) The 
impact of resilience among older adults. Geriatr Nurs 37(4):266–
272. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​g​e​r​​i​n​u​​r​s​e​.​​2​0​​1​6​.​0​2​.​0​1​4

Melamed S, Ugarten U, Shirom A, Kahana L, Lerman Y, Froom P 
(1999) Chronic burnout, somatic arousal and elevated salivary 
cortisol levels. J Psychosom Res 46(6):591–598. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​
/​​1​0​.​1​​0​1​6​​/​S​0​​0​2​2​-​3​9​9​9​(​9​9​)​0​0​0​0​7​-​0

Mizoguchi K, Ishige A, Takeda S, Aburada M, Tabira T (2004) Endog-
enous glucocorticoids are essential for maintaining prefrontal 
cortical cognitive function. J Neurosci 24(24):5492–5499. ​h​t​t​p​​s​
:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​5​2​3​​/​J​N​​E​U​R​​O​S​C​​I​.​0​0​​8​6​​-​0​4​.​2​0​0​4

Moriarty AS, Bradley AJ, Anderson KN, Watson S, Gallagher P, 
McAllister-Williams RH (2014) Cortisol awakening response 
and Spatial working memory in man: a U‐shaped relationship. 
Hum Psychopharmacology: Clin Experimental 29(3):295–298. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​2​​/​h​u​​p​.​2​3​9​9

Musich S, Wang SS, Schaeffer JA, Kraemer S, Wicker E, Yeh CS 
(2022) The association of resilience, social connections, and 
internal locus of control with pain outcomes among older adults. 
Geriatr Nurs 48:43–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​g​e​r​​i​n​u​​r​s​e​.​​2​0​​2​2​.​
0​8​.​0​1​1

Notario-Pacheco B, Solera-Martínez M, Serrano-Parra MD, Bar-
tolomé-Gutiérrez R, García-Campayo J, Martínez-Vizcaíno 
V (2011) Reliability and validity of the Spanish version of the 
10-item Connor-Davidson resilience scale (10-item CD-RISC) in 
young adults. Health Qual Life Outcomes 9:1–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​1​8​6​​/​1​4​​7​7​-​7​5​2​5​-​9​-​6​3

O’Hara R, Schroder CM, Mahadevan R, Schatzberg AF, Lindley S, 
Fox S, Weiner M, Kraemer HC, Noda A, Lin X, Gray HL, Hall-
mayer JF (2007) Serotonin transporter polymorphism, memory 
and hippocampal volume in the elderly: association and interac-
tion with cortisol. Mol Psychiatry 12:544–555. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​
.​1​​0​3​8​​/​s​j​​.​m​p​.​4​0​0​1​9​7​8

Ouanes S, Castelao E, von Gunten A, Kuehner C, Preisig M, Popp J 
(2020) Salivary cortisol and five-year change in cognitive per-
formance in non-demented elderly subjects: a population-based 
study. Neurobiol Aging 94:34–37. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​
o​b​​i​o​l​a​​g​i​​n​g​.​2​0​2​0​.​0​5​.​0​0​6

Papp KV, Amariglio RE, Mormino EC, Hedden T, Dekhytar M, John-
son KA, Rentz DM (2015) Free and cued memory in relation to 
biomarker-defined abnormalities in clinically normal older adults 
and those at risk for alzheimer’s disease. Neuropsychologia 
73:169–175. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​n​e​u​​r​o​p​​s​y​c​h​​o​l​​o​g​i​a​.​2​0​1​5​.​0​4​
.​0​3​4

Peeters G, Kok A, de Bruin SR, van Campen C, Graff M, Nieuwboer 
M, Olde Rikkert M (2023) Supporting resilience of older adults 
with cognitive decline requires a multi-level system approach. 
Gerontology 69(7):866–874. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​5​9​​/​0​0​​0​5​2​9​3​3​7

Peña-Casanova J (1991) Programa integrado de exploración neurop-
sicológica-test barcelona: bases teóricas, objetivos y Contenidos. 
Revista De Logopedia Foniatría Y Audiología 11(2):66–79

Peña-Casanova J, Gramunt-Fombuena N, Quiñones-Úbeda S, Sán-
chez-Benavides G, Aguilar M, Badenes D, NEURONORMA 
Study Team (2009) Spanish multicenter normative studies (NEU-
RONORMA Project): Norms for the Rey–Osterrieth complex 
figure (copy and memory), and free and cued selective reminding 
test. Arch Clin Neuropsychol 24(4):371–393. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​9​3​​/​a​r​​c​l​i​n​/​a​c​p​0​4​1

1 3

https://doi.org/10.1371/journal.pone.0052067
https://doi.org/10.1093/arclin/acp041
https://doi.org/10.1080/00273170701341316
https://doi.org/10.1080/00273170701341316
https://doi.org/10.1016/S0306-4530(02)00108-7
https://doi.org/10.1016/S0306-4530(02)00108-7
https://doi.org/10.1016/j.physbeh.2016.01.015
https://doi.org/10.1016/j.physbeh.2016.01.015
https://doi.org/10.1371/journal.pone.0152071
https://doi.org/10.1371/journal.pone.0152071
https://doi.org/10.1016/j.yhbeh.2016.05.014
https://doi.org/10.1016/j.yhbeh.2016.05.014
https://doi.org/10.1080/13854049508402057
https://doi.org/10.1037/0894-4105.13.4.525
https://doi.org/10.1037/0894-4105.13.4.525
https://doi.org/10.1017/S1355617798466025
https://doi.org/10.1017/S1355617798466025
https://doi.org/10.3390/healthcare11081072
https://doi.org/10.1097/01.psy.0000116715.78238.56
https://doi.org/10.1097/01.psy.0000116715.78238.56
https://doi.org/10.1002/(SICI)1099-1700(199804)14:2%3C91::AID-SMI765%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1099-1700(199804)14:2%3C91::AID-SMI765%3E3.0.CO;2-S
https://doi.org/10.1002/(SICI)1099-1700(199804)14:2%3C91::AID-SMI765%3E3.0.CO;2-S
https://doi.org/10.1016/j.psyneuen.2015.10.010
https://doi.org/10.1038/nn.3387
https://doi.org/10.1038/nn.3387
https://doi.org/112:767-774.Lo
https://doi.org/10.1016/j.gerinurse.2016.02.014
https://doi.org/10.1016/S0022-3999(99)00007-0
https://doi.org/10.1016/S0022-3999(99)00007-0
https://doi.org/10.1523/JNEUROSCI.0086-04.2004
https://doi.org/10.1523/JNEUROSCI.0086-04.2004
https://doi.org/10.1002/hup.2399
https://doi.org/10.1002/hup.2399
https://doi.org/10.1016/j.gerinurse.2022.08.011
https://doi.org/10.1016/j.gerinurse.2022.08.011
https://doi.org/10.1186/1477-7525-9-63
https://doi.org/10.1186/1477-7525-9-63
https://doi.org/10.1038/sj.mp.4001978
https://doi.org/10.1038/sj.mp.4001978
https://doi.org/10.1016/j.neurobiolaging.2020.05.006
https://doi.org/10.1016/j.neurobiolaging.2020.05.006
https://doi.org/10.1016/j.neuropsychologia.2015.04.034
https://doi.org/10.1016/j.neuropsychologia.2015.04.034
https://doi.org/10.1159/000529337
https://doi.org/10.1093/arclin/acp041
https://doi.org/10.1093/arclin/acp041


P. Rivas-Diaz et al.

Public Health 10:998532. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​p​​u​b​h​.​2​0​2​2​.​9​9​
8​5​3​2

Werner P (2004) Beliefs about memory problems and help seeking in 
elderly persons. Clin Gerontologist 27(4):19–30. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​3​0​0​​/​J​0​​1​8​v​2​7​n​0​4​_​0​3

Wolf D, Fischer FU, Fellgiebel A, Alzheimer’s Disease Neuroimaging 
Initiative (2019) A methodological approach to studying resil-
ience mechanisms: demonstration of utility in age and alzheimer’s 
disease-related brain pathology. Brain Imaging Behav 13(1):162–
171. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​6​8​2​-​0​1​8​-​9​8​7​0​-​8

World Health Organization (2022) Health systems resilience toolkit: a 
WHO global public health good to support building and strength-
ening of sustainable health systems resilience in countries with 
various contexts

Wüst S, Federenko I, Hellhammer DH, Kirschbaum C (2000) Genetic 
factors, perceived chronic stress, and the free cortisol response to 
awakening. Psychoneuroendocrinology 25(7):707–720

Yang Q, Yang D, Li P, Liang S, Zhang Z (2021) A bibliometric and 
visual analysis of global community resilience research. Int J 
Environ Res Public Health 18(20):10857. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​
0​​/​i​j​​e​r​p​h​1​8​2​0​1​0​8​5​7

Zapater-Fajarí M, Crespo-Sanmiguel I, Pulopulos MM, Hidalgo V, 
Salvador A (2021) Resilience and Psychobiological response to 
stress in older people: the mediating role of coping strategies. 
Front Aging Neurosci 13:632141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​n​​a​g​i​.​
2​0​2​1​.​6​3​2​1​4​1

Zhao X, Lynch JG, Chen Q (2010) Reconsidering Baron and Kenny: 
myths and truths about mediation analysis. J Consumer Res 
37:197–206. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​8​6​​/​6​5​​1​2​5​7

Zoccola PM, Dickerson SS, Yim IS (2011) Trait and state persevera-
tive cognition and the cortisol awakening response. Psychoneu-
roendocrinology 36(4):592–595. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​1​0​​​1​​6​​/​j​.​​p​s​y​n​​e​​u​
e​​n​.​​​2​0​1​​0​.​1​0​.​0​0​4

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

(CAR). Psychoneuroendocrinology 146:105946. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​2​​2​.​1​0​5​9​4​6

Stalder T, Oster H, Abelson JL, Huthsteiner K, Klucken T, Clow A 
(2024) The cortisol awakening response: regulation and func-
tional significance. Endocr Rev 46(1):43–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​
1​​2​1​0​​/​e​n​​d​r​e​v​/​b​n​a​e​0​2​4

Stern Y (2021) How can cognitive reserve promote cognitive and neu-
robehavioral health? Arch Clin Neuropsychol 36(7):1291–1295. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​9​3​​/​a​r​​c​l​i​n​/​a​c​a​b​0​4​9

Thorn L, Hucklebridge F, Evans P, Clow A (2006) Suspected non-adher-
ence and weekend versus week day differences in the awakening 
cortisol response. Psychoneuroendocrinology 31(8):1009–1018. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​p​s​y​​n​e​u​​e​n​.​2​​0​0​​6​.​0​5​.​0​1​2

Tröster AI, Fields JA, Testa JA, Paul RH, Blanco CR, Hames KA, 
Beatty WW (1998) Cortical and subcortical influences on clus-
tering and switching in the performance of verbal fluency tasks. 
Neuropsychologia 36(4):295–304. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​0​2​
8​-​3​9​3​2​(​9​7​)​0​0​1​5​3​-​X

Troyer AK, Moscovitch M, Winocur G (1997) Clustering and switch-
ing as two components of verbal fluency: evidence from younger 
and older healthy adults. Neuropsychology 11(1):138. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​1​​0​3​7​​/​0​8​​9​4​-​4​1​0​5​.​1​1​.​1​.​1​3​8

Troyer AK, Moscovitch M, Winocur G, Alexander MP, Stuss DON 
(1998a) Clustering and switching on verbal fluency: the effects 
of focal frontal-and temporal-lobe lesions. Neuropsychologia 
36(6):499–504. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​0​2​8​-​3​9​3​2​(​9​7​)​0​0​1​5​2​-​8

Troyer AK, Moscovitch M, Winocur G, Leach L, Freedman M (1998b) 
Clustering and switching on verbal fluency tests in alzheimer’s 
and parkinson’s disease. J Int Neuropsychol Soc 4(2):137–143. ​h​
t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​S​0​​0​2​8​-​3​9​3​2​(​9​7​)​0​0​1​5​2​-​8

Tsui A, Richards M, Singh-Manoux A, Udeh-Momoh C, Davis D 
(2020) Longitudinal associations between diurnal cortisol varia-
tion and later-life cognitive impairment. Neurology 94(2):e133–
e141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​2​1​2​​/​W​N​​L​.​0​0​0​0​0​0​0​0​0​0​0​0​8​7​2​9

Wang H, Hou Y, Zhang L, Yang M, Deng R, Yao J (2022) Chinese 
elderly migrants’ loneliness, anxiety and depressive symptoms: 
the mediation effect of perceived stress and resilience. Front 

1 3

https://doi.org/10.3389/fpubh.2022.998532
https://doi.org/10.3389/fpubh.2022.998532
https://doi.org/10.1300/J018v27n04_03
https://doi.org/10.1300/J018v27n04_03
https://doi.org/10.1007/s11682-018-9870-8
https://doi.org/10.3390/ijerph182010857
https://doi.org/10.3390/ijerph182010857
https://doi.org/10.3389/fnagi.2021.632141
https://doi.org/10.3389/fnagi.2021.632141
https://doi.org/10.1086/651257
https://doi.org/10.1016/j.psyneuen.2010.10.004
https://doi.org/10.1016/j.psyneuen.2010.10.004
https://doi.org/10.1016/j.psyneuen.2022.105946
https://doi.org/10.1016/j.psyneuen.2022.105946
https://doi.org/10.1210/endrev/bnae024
https://doi.org/10.1210/endrev/bnae024
https://doi.org/10.1093/arclin/acab049
https://doi.org/10.1093/arclin/acab049
https://doi.org/10.1016/j.psyneuen.2006.05.012
https://doi.org/10.1016/j.psyneuen.2006.05.012
https://doi.org/10.1016/S0028-3932(97)00153-X
https://doi.org/10.1016/S0028-3932(97)00153-X
https://doi.org/10.1037/0894-4105.11.1.138
https://doi.org/10.1037/0894-4105.11.1.138
https://doi.org/10.1016/S0028-3932(97)00152-8
https://doi.org/10.1016/S0028-3932(97)00152-8
https://doi.org/10.1016/S0028-3932(97)00152-8
https://doi.org/10.1212/WNL.0000000000008729

	﻿Post-awakening cortisol and resilience: unravelling their impact on cognitive decline
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Participants
	﻿Procedure and cognitive assessment
	﻿Salivary cortisol
	﻿Statistical analyses

	﻿Results
	﻿﻿Adherence to the salivary sampling protocol
	﻿Differences in cognitive function and resilience between W1 and W2
	﻿Relationship between post-awakening cortisol levels and cognitive decline
	﻿Testing the mediation model: the role of resilience

	﻿Discussion
	﻿References


