
Research Paper

Cortisol awakening response and autobiographical memory in healthy 
older adults: The moderating role of negative reminiscence

Pablo Rivas-Diaz a, Teresa Montoliu a, Vanesa Hidalgo a,b,* , Alicia Salvador a,c

a Laboratory of Social Cognitive Neuroscience, Department of Psychobiology and IDOCAL, University of Valencia, Valencia, Spain
b Department of Psychology and Sociology, Area of Psychobiology, University of Zaragoza, Campus Ciudad Escolar, 44003, Teruel, Spain
c Spanish National Network for Research in Mental Health CIBERSAM, 28029, Spain

A R T I C L E  I N F O

Keywords:
Autobiographical memory
Cortisol awakening response
Reminiscence
Older people

A B S T R A C T

The Hypothalamic-Pituitary-Adrenal (HPA) axis’s response to stress, with cortisol as a key hormone, has an 
important impact on cognitive function. Specifically, the Cortisol Awakening Response (CAR), an index of HPA 
axis functioning, has been linked to declarative memory performance. Autobiographical Memory (AM), a specific 
form of declarative memory, becomes especially relevant in aging due to its relationship with identity, emotional 
regulation, and cognitive functioning. However, engaging with the autobiographical past can become mal
adaptive when it is dominated by negative, self-critical reflections, a pattern referred to as negative reminiscence. 
This study aimed to examine whether the CAR and negative reminiscence independently predict the specificity of 
personal memories in healthy older adults, and whether their interaction further explains variability in AM 
specificity. A sample of 150 healthy older adults (aged 56–81) provided eight saliva samples over two consec
utive days to assess the CAR, and they completed standardized measures of AM and reminiscence. Our results 
showed no significant direct associations between the CAR or negative reminiscence and AM specificity. How
ever, moderation analyses revealed that the CAR significantly predicted a greater tendency to retrieve over
general memories, that is, less specific autobiographical memories, but only among individuals with higher 
negative reminiscence. These results suggest that the way individuals relate to their past plays a key role in the 
impact of physiological stress on autobiographical recall. The findings underscore the importance of considering 
both biological and emotional factors to better understand AM in aging.

1. Introduction

Stress affects numerous cognitive functions through the action of 
cortisol, the end product of the activation of the Hypothalamic- 
Pituitary-Adrenal axis (HPA-axis). This glucocorticoid hormone fol
lows a circadian rhythm, rising gradually during the latter part of the 
night and peaking 30–45 min after awakening, a phenomenon known as 
the Cortisol Awakening Response (CAR) [1,2]. Although its exact 
function remains unclear, the CAR has been proposed as the body’s 
preparation for the cognitive and emotional demands of the day [3].

In their review, Law and Clow [4] concluded that the association 
between the CAR and cognition is domain-specific rather than uniform. 
For prefrontal-dependent functions, positive associations have been 
observed for executive control [5], whereas results for working memory 
are inconsistent, with null findings in some studies [6–8] and a positive 
association reported only in men by Almela et al. [9]. In 

hippocampal-dependent domains, the evidence is also mixed: Ennis 
et al. [6] found a positive association with episodic memory, Evans et al. 
[5] reported null results in declarative memory, and other studies 
documented negative associations, with higher CAR predicting poorer 
declarative or episodic memory performance [8,9]. Beyond these do
mains, null associations have been reported for visuospatial [7], pro
cessing speed [6], and global cognitive measures [10], while some 
studies suggest a non-linear, inverted U-shaped pattern [11]. Taken 
together, these findings indicate that the effects of the CAR cannot be 
interpreted in terms of cognition as a whole, but vary across domains, 
underscoring the importance of domain-specific approaches when 
examining its role in cognitive functioning.

One such domain is memory, a complex cognitive function typically 
classified according to the level of conscious awareness involved in 
recall, distinguishing between declarative and non-declarative memory 
[12]. Declarative memory includes semantic memory, which involves 
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general knowledge, and episodic memory, which is related to personal 
events and experiences [13], with the latter being particularly depen
dent on hippocampal integrity. This structure is highly susceptible to 
chronic stress, which can cause neuronal atrophy, reduced cell density, 
and inhibited neurogenesis, especially in the dentate gyrus [14]. 
Importantly, aging affects these memory types differently. Whereas se
mantic memory tends to remain relatively preserved in normal aging 
[15], episodic memory typically begins to decline around the age of 60 
[16]. In contrast, pathological aging, as in dementia, usually leads to 
deficits in both types of declarative memory [17]. Interestingly, mem
ories rooted in personal experience appear to be more resilient than 
impersonal information. For example, individuals with semantic de
mentia often recall familiar names and visited locations better than 
names of public figures or unknown places [18], suggesting that per
sonal content remains relatively preserved even in the presence of 
cognitive decline [15].

The retrieval of personal information, called Autobiographical 
Memory (AM), refers to the ability to recall personal and subjective 
experiences from one’s life history [19]. AM represents a distinct and 
dynamic subtype of declarative memory, integrating both episodic and 
semantic elements [20]. AM recollections are commonly categorized 
based on their level of specificity [21], typically distinguishing between 
specific memories –anchored to a particular time and place— and 
overgeneral memories, characterized by a lack of contextual detail [22]. 
Beyond simple recall, AM plays a key role in various psychological do
mains. It provides valuable insights into well-being [23], cognitive sta
tus [24], identity development [25], and emotional regulation [26]. In 
normal aging, AM remains relatively preserved until around the age of 
60, after which the episodic component shows a progressive decline [16, 
27,28].

The hippocampus plays a crucial role in declarative memory and, 
consequently, in AM. In fact, reduced hippocampal activity has been 
linked to lower specificity and diminished detail in the recollection of 
past events [29]. Along with the hippocampus, other regions rich in 
glucocorticoid receptors, such as the left lateral prefrontal cortex and the 
amygdala, are involved in the retrieval of emotional autobiographical 
content [30], reinforcing the link between stress and memory [31]. In 
this regard, cortisol can disrupt functional connectivity between the 
hippocampus and amygdala during emotional processing, and it can also 
interfere with intrinsic networks involving the prefrontal and extras
triate cortices [32], potentially impairing the retrieval of detailed and 
coherent AM. Within the prefrontal cortex, the medial region is a central 
hub of the Default Mode Network (DMN), a system involved in 
self-referential thoughts, rumination, and AM retrieval [33], which is 
particularly vulnerable to stress-induced dysregulation. Experimental 
evidence shows that stress impairs DMN-related functioning, leading to 
AM difficulties [34]. Moreover, prefrontal cortex damage has been 
associated with reduced AM specificity [35], and age-related declines in 
episodic detail have been linked to both structural and functional 
changes in this region [36].

Upon awakening, the brain initiates booting-like cognitive processes 
that reactivate both stable self-related representations, such as person
ality and identity, and temporary traces from recent experiences [37]. 
This function supports the idea that the CAR, beyond preparing the body 
for daily cognitive demands, as previously mentioned, also contributes 
to self-related processing and engagement with one’s personal history 
[3]. In line with this, the CAR has been associated with emotional 
regulation, and it may serve to counter-regulate emotional experiences 
from the previous day, particularly in individuals prone to rumination 
and chronic stress [38–40]. Moreover, not all individuals engage with 
their autobiographical past in the same way. Reminiscence Theory and 
Life Story Approaches [41] have explored the functional motives for 
remembering, especially in aging, when the need to find coherence and 
meaning in lived experiences becomes more prominent. This reflective 
process and its associated subjective mechanisms have been described as 
the "inside of aging" [42]. However, when reminiscence is dominated by 

negative reflections, it may resemble rumination, a persistent, repetitive 
pattern of negative, self-focused thinking about past experiences, often 
lacking variation in purpose [38]. When this ruminative pattern be
comes integrated into autobiographical recall, it reflects a maladaptive 
reminiscence function, where individuals become fixated on negative 
aspects of their past [43]. These maladaptive cognitive styles, frequently 
linked to DMN activity, may sustain stress and, consequently, impair 
cognitive function. Such patterns have been associated with reduced AM 
specificity and a greater tendency to retrieve overgeneral memories 
[44].

With all this in mind, the main purpose of this study was to inves
tigate how the CAR and negative reminiscence are related to AM spec
ificity in healthy older adults. To address this topic, we first explored the 
relationships independently, separately focusing on the potential asso
ciations of the CAR and negative reminiscence with AM specificity. 
Given that previous findings on the CAR–cognition link have been mixed 
in declarative memory [5,6,8,9], we can not establish a specific direc
tion of this association. Anyway, we expected that higher levels of 
negative reminiscence would be associated with a greater tendency to 
retrieve overgeneral memories. This proposal is based on evidence 
suggesting that negative reminiscence reflects a maladaptive, rumina
tive cognitive style [43] associated with increased stress and over
general retrieval patterns [38,44]. Thus, we examined whether negative 
reminiscence moderates the relationship between the CAR and AM 
specificity. In this line, we posited that this association would be posi
tively moderated by negative reminiscence, which is consistent with 
findings showing that maladaptive reminiscence functions can exacer
bate both cognitive and emotional difficulties [45].

2. Material and methods

2.1. Participants

For this study, 150 healthy older adults (71 male and 79 female) 
from 56 to 81 years old (Mean = 67.14 SD = 32.24) were recruited from 
a university program for people over 55 years of age at the University of 
Valencia. As compensation for their participation in the study, they 
received a pen drive and a report on their neuropsychological perfor
mance. Exclusion criteria were: smoking >10 cigarettes per day, alcohol 
or drug abuse, visual or hearing difficulties, neurological or psychiatric 
disease, diabetes, medication that may affect hormonal levels or 
cognitive function, such as psychotropic substances or sleep medication, 
having been under anesthesia in the past 12 months, and having expe
rienced serious stressful events in the past year, such as the death of a 
relative, an accident, or a drastic change in their habits. Additionally, all 
the women had been postmenopausal for at least 3 years, and they were 
not receiving hormonal therapy. Furthermore, all the participants ob
tained a score of at least 27 on the Mini-Mental State Examination 
(MMSE) [46] to corroborate that they did not present cognitive 
impairment. Participants reported a Body Mass Index (BMI) of between 
16.89 and 38.93 and a medium-high socioeconomic status (SES). SES 
was measured with the nine-rung social ladder [47]. The ladder repre
sented nine rungs on which the participants were asked to place them
selves. The highest rungs represented the highest socioeconomic status 
in our country, that is, a lot of money, a good education, and the best 
jobs. In contrast, the lowest rungs represented the poorest people, that 
is, less education and worse jobs or no job. Additionally, participants 
completed the Beck Depression Inventory (BDI; [48]) and the Trait 
subscale of the State–Trait Anxiety Inventory (STAI-T; [49]) to assess 
subclinical depressive and anxiety symptoms. On average, the sample 
reported low levels of depressive and trait anxiety symptoms, with no 
participant reaching the clinical cut-off scores for major depression or 
severe anxiety (see Table 1).

The study was carried out according to the Declaration of Helsinki. 
The Ethics Committee of the University of Valencia approved the pro
tocol (Code: 1034,878). All participants received verbal and written 
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information about the study and signed an informed consent.

2.2. Procedure

Participants who met the criteria were asked to attend a laboratory at 
the Faculty of Psychology, and they were given detailed written in
structions for collecting cortisol samples at home by themselves. They 
were asked to provide a total of 4 saliva samples on two consecutive 
weekdays using salivettes (Sarstedt, Nümbrecht, Germany). These saliva 
samples were collected at home immediately after awakening, 15-, 30-, 
and 45-min post-awakening. Moreover, participants were instructed to 
follow their usual sleep pattern, avoid strenuous exercise on those days, 
drink only water, not eat 2 h before each sample collection, and not 
brush their teeth in the same period of time (for more details see: [50]). 
In order to ensure the sample collection times, the cotton from the sal
ivettes was stored in MEMS TrackCap Containers (MEM 6 TrackCap 
Monitor, Aardex Ltd., Switzerland). The time of each sample collection 
was recorded in a log by the participants. When participants delivered 
the saliva samples to the laboratory, they completed a sociodemo
graphic questionnaire and the psychological tests, including the Auto
biographical Memory Test, all administered within a controlled time 
window (between 16:00–18:00 h) to minimize potential variability due 
to diurnal cortisol fluctuations.

2.3. Instruments

2.3.1. Autobiographical memory test (AMT)
The Spanish adaptation [51] of the AMT [52] was used to measure 

the ability to recall specific memories about their own lives in response 
to a cue word. The test consists of 15 Spanish words used as cue words. 
Five words were classified as positive (funny, lucky, passionate, happy, 
and hopeful), five as negative (unsuccessful, unhappy, sad, abandoned, 
and gloomy), and five as neutral (work, city, home, shoes, and family). 
Following the test instructions, positive, negative, and neutral cue words 
were presented alternatively. The experimenter presented the cue words 
to the participants with the instruction to try to recall a specific memory 
after hearing each word. Previously, they had been told that a specific 
memory was a detailed recall of an event lasting no longer than 24 h, and 
examples were provided (i.e., I felt really happy the day of my son’s birth 
in the hospital). For the positive and negative cue words, the form used 

was “Try to remember a day or situation in the past when you felt [cue word]. 
Can you describe it?”. For neutral cue words, the form was “Try to 
remember a special day about [cue word]” [51]. The cue words were 
presented orally, and the session was voice-recorded for later evalua
tion. If participants were not able to recall a memory in 30 s, it was 
considered an omission, and the next word was presented. The evalua
tion of the memories focused on one main characteristic: their speci
ficity. Memories were classified as specific (consisting of an event with 
several details lasting <24 h), overgeneral (those that did not meet these 
characteristics regarding details and duration), or omissions. Two judges 
with no previous contact with the participants were trained to analyze 
the AMT responses. In the present study, the interrater agreement was as 
follows: specific memories (ICC = 0.905) and overgeneral memories 
(ICC = 0.752).

2.3.2. Reminiscence function scale (RFS)
We employed the Spanish adaptation [53] of the RFS [54]. On this 

questionnaire, participants indicate how frequently they reminisce for 
different reasons, using a Likert-type scale from 6 (very frequently) to 
0 (never). All the items are presented using the form: “I remember the past 
when/because…”. For the purposes of the present study, only the 
Self-Negative function was employed. This factor captures a maladap
tive and ruminative pattern of reminiscence often associated with lower 
psychological well-being (e.g., boredom reduction, intimacy mainte
nance, and bitterness revival). Internal consistency for this subscale was 
high (Cronbach’s α = 0.90).

2.4. Cortisol analyses

Saliva samples were collected by using salivettes (Sarstedt, Num
brecht, Germany). Following written instructions, participants kept a 
cotton swab in their mouth for 2 min without chewing it while moving it 
in a circular pattern to collect saliva from all the different salivary 
glands. Samples were kept in a refrigerator until they were delivered to 
the laboratory.

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, the samples resulted in a clear floating of low viscosity to 
be stored at − 80 ◦C for posterior analysis. These analyses were per
formed in duplicate with the salivary cortisol ELISA kit by Salimetrics 
(Newmarket, UK). Assay sensitivity was >0.007 ug/dL. Inter- and intra- 
assay variation coefficients were all below 8 %. Cortisol levels were 
expressed in nmol/L.

2.5. Statistical analysis

To assess normal distribution and homogeneity of variance, Kolmo
gorov–Smirnov and Levene’s test were performed. Because the cortisol 
values were not normally distributed, raw cortisol data were logarithm 
10 (Log10) transformed. The CAR was calculated as the area under the 
curve with respect to the increase (see [55]) from the saliva samples 
taken 0-, 15-, 30, and 45- min after awakening (Fig. 1).

Consistent with previous literature, the correlation between Day 1 
and Day 2 CAR was significant but modest (r = 0.248, p < 0.01), which 
is expected given the strong situational influences on single-day as
sessments. Following methodological recommendations guidelines, we 
therefore averaged CAR across the two days to derive a more reliable, 
trait-like estimate of basal HPA activity [3,56–58].

All the statistical analyses were conducted using R (version 4.4.2). To 
examine the first and more exploratory objective, namely, the inde
pendent associations between the CAR, negative reminiscence, and AM 
(i.e., specific memories, overgeneral memories, and omissions), we 
performed partial correlation analyses using the ppcor package. These 
analyses were controlled for age, sex (numerically coded only for this 
analysis), SES, BMI and awakening time. Additionally, to minimize the 
risk of residual confounding from undiagnosed or subclinical emotional 

Table 1 
Data presented for the total sample and for men and women separately.

Total 
sampleN=150

MenN=71 WomenN=79 t (p)

Age (years) 66.87 (5.16) 67.67 
(4.66)

66.16 (5.49) 1.81 
(0.07)

BMI (Kg/m2) 26.98 (3.76) 27.58 
(3.18)

26.44 (4.17) 1.83 
(0.07)

SES 5.65 (1.26) 5.79 (1.34) 5.52 (1.18) 1.29 
(0.20)

Depression (BDI) 4.85 (4.09) 4.61 (3.91) 5.03 (4.27) − 0.63 
(0.53)

Anxiety (STAI) 15.96 (7.49) 14.86 (7.5) 16.73 (7.21) − 1.56 
(0.12)

CAR 0.43 (0.49) 0.34 (0.45) 0.52 (0.51) − 2.12 
(0.04)

Negative 
Reminiscence

35.34 (10.77) 34.86 
(10.44)

35.79 (11.17) − 0.53 
(0.60)

AM ​ ​ ​ ​
Specific 

memories
6.38 (3.21) 6.83 (3.34) 6.01 (3.08) 1.44 

(0.15)
Overgeneral 

memories
2.96 (1.69) 2.92 (1.75) 2.99 (1.66) − 0.26 

(0.80)
Omissions 3.77 (2.63) 3.63 (2.86) 3.89 (2.44) − 0.54 

(0.59)

Data represent means (standard errors), t(p) are presented for the differences 
between men and women. BMI: Body Mass Index; SES: Socioeconomic Status 
Scale; CAR: Cortisol Awakening Response; AM: Autobiographical Memory.
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problems, we further controlled for depressive and anxiety symptoms.
For the second and main objective (i.e., testing whether the negative 

reminiscence function moderated the association between the CAR and 
AM), we ran multiple linear regression models using the lm() function of 
the stats package in base R. Moderation was assessed by including the 
interaction term CAR × negative reminiscence. Age, sex, SES, BMI, 
depression, anxiety and awakening time were included as covariates in 
all models. Separate models were conducted for each AM outcome.

Interaction effects were further explored using the interactions and 
ggeffects packages, which allowed us to probe and visualize the condi
tional effects of the CAR at different levels of negative reminiscence.

Before performing the statistical analyses, missing cortisol data were 
imputed using the expectation-maximization method in cases where 
only one sample was left (8), whereas cases with more than one sample 
left were excluded (10). In addition, there were 10 outliers (one from 
CAR, two from omissions, and five from neutral memories in AMT; as 
well as two from negative reminiscence in RSF) defined as values falling 
more than ±3 standard deviations from the sample mean.

Post hoc statistical power analysis was performed using the pwr 
package in R, following the recommendations of Perugini et al. [59], 
who suggest treating moderated regression like any other linear model 
when computing effect sizes. The analysis was based on a total of 110 
participants, six predictors (including the interaction term), an alpha 
level of 0.05, and a medium effect size (f² = 0.15). The resulting sta
tistical power was 0.85, which meets the standard threshold of 0.80 
recommended for adequate power [60].

3. Results

3.1. CAR, negative reminiscence and AM: partial correlations

Partial correlations did not show significant associations between the 
CAR or negative reminiscence and any of the AM outcomes (all p > 0.48; 
Table 2).

3.2. Moderation role of negative reminiscence in the relationship between 
CAR and AM

Moderation analyses showed a significant moderation of negative 
reminiscence in the CAR and overgeneral memories relationship 
(R2=0.18, ΔR2=0.1, B = 0.12, SE=0.04, t = 3.33, p < 0.01, CI 95 %=

0.05, 0.2). Specifically, the association between the CAR and over
general memories was positive for people who scored high on negative 
reminiscence (B = 2.07, SE=0.6, t = 3.42, p < 0.01, CI 95 %=0.87, 3.26) 
and medium on negative reminiscence (B = 0.77, SE=0.35, t = 2.17, p =
0.03, CI 95 %=0.07, 1.47), but not for those with low scores on this 
variable (both p > 0.23) (see Table 3 and Fig. 2).

4. Discussion

This study aimed to investigate whether the specificity of AM in 
healthy older adults can be predicted by the CAR and negative remi
niscence, considering both their individual contributions and their po
tential interactive effects. Overall, direct associations between the CAR 
or negative reminiscence and AM specificity were not found. However, 
the relationship between the CAR and autobiographical recall depended 
on the levels of negative reminiscence. Specifically, higher CAR levels 
were associated with greater overgeneral memory retrieval, but only in 
individuals who tended to engage in more negative reflections about 
their past.

To the best of our knowledge, no previous study has investigated the 
relationship between the CAR and AM specificity in healthy older adults. 
Barry et al. [61] explored this association in an adolescent sample, 
reporting that higher CAR was linked to greater AM specificity. How
ever, their methodology for computing CAR differed from ours, and the 
age disparity between the samples is noteworthy. The discrepancy may 
be explained by the distinct neurocognitive profile associated with age. 
In later life, changes in neural functioning, particularly in the prefrontal 
cortex, have been associated with reductions in episodic specificity [36]. 

Fig. 1. CAR profile for Days 1 and 2. Depicted values are means, and error bars represent SEM.

Table 2 
Partial correlation analysis with CAR, negative reminiscence, and autobio
graphical memory, controlled for age, sex, SES, IMC, depression, anxiety and 
awakening time.

CAR Negative Reminiscence

r p r p

AM ​ ​ ​ ​
Specific memories − 0.02 0.8 0.03 0.76
Overgeneral memories 0.07 0.48 − 0.07 0.51
Omissions − 0.01 0.93 − 0.04 0.72

AM: Autobiographical Memory.
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Although the exact neural mechanisms by means of which cortisol af
fects memory remain unclear [62], current models suggest that cortisol 
disrupts intrinsic connectivity within the prefrontal cortex and impairs 
functional communication between the hippocampus and amygdala 
[32]. These effects are probably due to the high density of glucocorticoid 
receptors in hippocampal regions [63]. Notably, the hippocampus is not 
only critical for declarative memory formation [64], but it also plays a 
central role in the regulation of the CAR [65].

No significant association was found between negative reminiscence 
and AM specificity. This result suggests that negative reminiscence, 
when considered independently, may not exert a direct influence on the 
quality of autobiographical recall in healthy older adults. However, its 
interaction with physiological stress markers, such as the CAR, appears 
to be more relevant. Previous literature has described negative remi
niscence as a maladaptive and ruminative cognitive style [43] often 
associated with sustained stress and reduced episodic specificity [38, 
44]. These patterns are believed to interfere with DMN functioning [33], 
a system closely tied to autobiographical retrieval. Thus, although no 
main relationship was detected, the theoretical framework supports the 
idea that negative reminiscence may act as a vulnerability factor that 
amplifies the impact of stress-related physiological processes on AM.

Our main objective was to examine whether the relationship be
tween the CAR and AM specificity was moderated by negative remi
niscence. This construct becomes particularly relevant in aging, given 
that reflecting on one’s past contributes to maintaining identity and 
coherence throughout the life span [42]. To explore this question, we 
focused on the negative reminiscence function described by Webster 
[43], which captures a ruminative and emotionally negative engage
ment with personal memories. However, our moderation analysis 
showed that the CAR predicted a greater number of overgeneral 

memories, but only in individuals with higher levels of negative remi
niscence. This finding supports our hypothesis that a negative cognitive 
style when reflecting on the past can amplify the detrimental effects of 
the CAR on memory performance. It also aligns with previous studies 
suggesting that an elevated CAR may negatively impact memory do
mains dependent on hippocampal functioning, such as declarative 
memory in healthy older people [8,9]. Notably, whereas these earlier 
studies used standardized neuropsychological tests focused on verbal 
memory (e.g., the AVLT or the Logical Memory subtest of the WMS-III), 
our study extended this line of research by assessing AM, an ecologically 
valid measure of declarative memory that incorporates both episodic 
and semantic elements through the recall of richly detailed personal 
events. In this regard, our findings offer a more nuanced and personally 
relevant view of how stress physiology and maladaptive reminiscence 
interact to shape memory functioning in aging. However, it is important 
to note that our study did not include direct assessments of participants’ 
motivation, emotional regulation, or task engagement and the potential 
influence of these factors on memory performance cannot be entirely 
ruled out. Therefore, further interpretation of the findings should be 
approached with appropriate caution.

From a cognitive perspective, AM is a distinct form of declarative 
memory that stores personally relevant information. According to 
Conway and Jobson [20], AM is organized hierarchically, with specific 
memories situated at the top being more detailed and context-bound, 
and overgeneral memories at the base representing broader, less 
detailed recollections. From this perspective, retrieving a specific 
memory requires more cognitive effort than producing an overgeneral 
one. Our findings suggest that the CAR, as a physiological marker of 
stress, may be associated with reduced episodic specificity of AM, but 
only in individuals who habitually engage in negative reminiscence. 

Table 3 
Negative reminiscence moderation in the relationship between CAR and AM.

R2 ΔR2 B SE t p CI95 %

CAR*Negative Reminiscence ​ ​ ​ ​ ​ ​ ​ ​
Specific Memories 0.03 0.00 − 0.02 0.07 − 0.03 0.73 − 0.17 0.12
Overgeneral Memories 0.18 0.1 0.12 0.04 3.33 <0.01 0.05 0.2
Low ​ ​ − 0.53 0.44 − 1.20 0.23 − 1.39 0.34
Medium ​ ​ 0.77 0.35 2.17 0.03 0.07 1.47
High ​ ​ 2.07 0.6 3.42 <0.01 0.87 3.26
Omission 0.01 0.00 − 0.03 0.06 − 0.45 0.65 − 0.15 0.09

Fig. 2. Moderation of negative reminiscence in the relationship between CAR and AM.
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This maladaptive style of reflecting on the past has been associated with 
lower psychological well-being and reduced life satisfaction [53]. In our 
sample, individuals who scored higher on negative reminiscence 
appeared to be more vulnerable to the effects of the CAR, showing a 
greater tendency to retrieve overgeneral memories, an indicator of less 
effective declarative memory functioning. These findings emphasize the 
relevance of psychological factors and motivational states in AM per
formance, highlighting that the relationship between physiological 
stress (CAR) and AM specificity depends on the way individuals engage 
with their past.

Although the present study focused on the HPA axis and the CAR as a 
specific physiological marker, it is worth noting that the HPA axis in
teracts with other endocrine systems, such as the hypothalamic- 
pituitary-gonadal (HPG) and hypothalamic-pituitary-thyroid (HPT) 
axes, through shared regulatory mechanisms at the hypothalamic and 
pituitary levels [66,67]. Chronic stress-related dysregulation of the HPA 
axis may also affect these systems, while gonadal and thyroid hormones 
can, in turn, modulate the stress response [68,69]. Although not the 
primary focus of the present study, this broader neuroendocrine inter
play may help explain individual differences in CAR expression and its 
links to cognition, and thus represents an important avenue for future 
research.

Some limitations should be considered when interpreting the present 
findings. First, although we assessed the specificity of AM, the infor
mation reported by the participants about both the memories and their 
associated reminiscence functions referred to experiences across the 
entire lifespan, without distinguishing the temporal context in which 
these memories occurred. In other words, we did not account for the 
temporal proximity of the recalled events, which could have offered 
additional insight into the nature of the memory retrieval, as highlighted 
by Warne et al. [70]. Second, our sample was intentionally homoge
neous in terms of the participants’ health status in order to reduce 
variability in endocrine function, particularly regarding cortisol re
sponses. Although this practice enhances internal validity, it limits the 
generalizability of our findings to more diverse populations, including 
individuals with physical or psychological conditions. Third, the 
absence of direct measures of participants’ mood, motivation, or task 
engagement represents a limitation of the present study. Although all 
participants were healthy volunteers who took part without significant 
external incentives, implying a presumed baseline level of intrinsic 
motivation, we acknowledge that these factors were not explicitly 
assessed using formal self-report or behavioural instruments. As a result, 
alternative non-cognitive explanations, such as reduced motivation or a 
tendency to avoid emotionally distressing memories, cannot be fully 
ruled out. For this reason, the interpretation of our main findings should 
be approached with caution. Future studies should consider incorpo
rating direct assessments of motivation and emotional regulation to 
better disentangle cognitive performance from affective or motivational 
influences.

In conclusion, our findings indicate that negative reminiscence 
moderates the relationship between the CAR and the tendency to recall 
overgeneral autobiographical memories, and this becomes stronger in 
individuals who tend to think negatively about their past. This result 
highlights the relevance of emotional dimensions in the study of AM, 
particularly in relation to physiological stress markers such as the CAR. 
Specifically, our results suggest that the detrimental association between 
the CAR and declarative memory performance emerges primarily in 
individuals with a more negative and ruminative style of reflecting on 
their past. Furthermore, these findings reinforce the notion that certain 
psychological factors, such as reminiscence style, play a crucial role in 
modulating the cognitive consequences of stress, especially in later life. 
Finally, to our knowledge, this is the first study to explore the interaction 
between the CAR and AM in relation to negative reminiscence speci
ficity, offering a novel psychophysiological perspective on memory 
functioning in older adults. Nevertheless, reduced motivation or a ten
dency to avoid emotionally distressing memories should be considered 

as potential influences and cannot be entirely ruled out.
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