
Behavioural Brain Research 459 (2024) 114771

Available online 23 November 2023
0166-4328/© 2023 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Loneliness during the post-confinement period: The significance of social 
living conditions for stress biomarkers and memory 

Daniela Batallas a, Valerie Rodriguez-Hernandez 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, 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: 
Loneliness 
Face-to-face contact 
Covid-19 
Hair Cortisol 
Heart Rate Variability 
Memory 

A B S T R A C T   

In the aftermath of the COVID-19 lockdown, concerns about the impact of loneliness and reduced social in
teractions on mental health have arisen. This study explored the repercussions of post-lockdown social re
strictions across psychological (loneliness, perceived stress, and depressive symptoms), biological (hair cortisol 
and cardiovascular activity), and cognitive dimensions (subjective memory complaints and working, declarative, 
and prospective memory), with a specific emphasis on perceived loneliness and the living situation. The study 
included 45 students: 23 (mean age = 25.69 years) in the Alone Group (AG), who experienced significant family 
changes and international relocation, and 22 (mean age = 25.50 years) in the Not Alone Group (NAG), who 
maintained their nuclear family and did not move from their home country. We assessed heart rate variability 
(HRV) before, during, and after immediate memory evaluations using time-domain (the square root of the mean, 
RMSSD) measures. The analysis revealed no significant group differences in telematic contact with family and 
friends, perceived stress, or depression. However, the AG participants reported fewer face-to-face interactions 
and greater perceived loneliness compared to the NAG. Additionally, the AG group exhibited slightly higher hair 
cortisol levels and worse working memory (WM) and prospective memory (PM) performance. Importantly, no 
significant associations were observed between memory outcomes and stress biomarkers. However, a significant 
interaction effect of loneliness in the relationship between hair cortisol levels and PM was found. That is, hair 
cortisol concentrations were negatively related to PM when participants perceived high and moderate loneliness. 
This interaction was absent in the working and declarative memory domains. In summary, these findings un
derscore the intricate interplay between loneliness, cortisol, and memory, emphasizing the need for compre
hensive research on the complex mechanisms governing these multifaceted relationships.   

1. Introduction 

Quarantines produced by the SARS-CoV2 (COVID-19) pandemic 
globally confined people to their homes, leading to social isolation from 
approximately March to June 2020. Additionally, even after the lock
downs were lifted, various sanitary measures continued to be enforced 
worldwide, particularly in public spaces, restricting both individual and 
community social interactions. Spain, for example, maintained mea
sures such as distancing in crowded spaces, hybrid classes, limited 
travel, and the mandatory use of face coverings to prevent COVID-19 
transmission, among others. 

The recent pandemic lockdown has been widely acknowledged as a 
significant psychosocial stressor [10,15] that has affected and continues 

to affect emotional, cognitive, and behavioral aspects (i.e., mood, daily 
habits, social relationships, etc.) that are central to human well-being 
[48,60]. Furthermore, it is important to note that loneliness and social 
isolation can have enduring implications for mental and physical health. 
Indeed, these variables have been associated with a wide range of 
physical, mental health, and cognitive issues, including psychosocial 
stress, depression, generalized anxiety, cardiovascular and pulmonary 
diseases, and even mortality [57,58,8]. 

Given the inherently stressful circumstances of the COVID-19 
pandemic lockdown and the well-established connection between so
cial isolation and cognitive performance found in earlier studies [23, 
43], it is reasonable to suggest that social isolation may have negatively 
impacted cognitive functions. Indeed, current research highlights the 
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significance of factors such as living alone, lacking close relationships, 
and having a limited social network, all of which have been associated 
with a decline in overall mental well-being, impaired emotional and 
reasoning self-regulation, and an increased risk of cognitive impairment 
[25,40,6]. 

In this context, different types of memory have been extensively 
studied due to their pivotal role in daily activities [25,70]. Research has 
primarily focused on working memory (WM) (Ashcraft & Kirk, 2001; 
[21]), declarative memory [65], and prospective memory (PM) [62]. 
Notably, during the Covid-19 pandemic, studies shed light on the con
trasting effects of confinement and the positive influence of social 
interaction on memory performance. For instance, Pisano et al. [62] 
established that the restrictive measures of the pandemic had a negative 
impact, given that the perceived memory failures of university students 
coincided with the results of standardized tests highlighting a decrease 
in both WM and PM. Similarly, Ingram et al. [40] observed that in
dividuals who were living alone demonstrated improved WM perfor
mance as opportunities for social contact increased. Although memory 
has been a predominant focus in the context of the Covid-19 pandemic, 
the extent of these cognitive deficits has not been definitively estab
lished, as discussed in the review by Llana et al. [49]. 

The precise mechanism by which social isolation or loneliness affects 
cognitive processes is not well-defined. However, Cacioppo and Hawk
ley [12] proposed that social isolation may lead to heightened social 
hypervigilance, characterized by intrusive thoughts, rumination, and 
stress. This activation could involve neurobiological mechanisms related 
to the hypothalamic-pituitary-adrenocortical (HPA) axis, resulting in 
elevated cortisol levels. Cortisol, a well-established hormone in the HPA 
axis [46,75], may serve as a short-term indicator of loneliness, pre
dicting long-term adverse physical, cognitive, and mental health out
comes [75]. 

Moreover, some literature on the relationship between basal HPA 
axis activity and cognitive performance shows that higher cortisol 
release is related to worse cognitive performance ([30,52]; Ouanes & 
Popp, 2019), particularly on memory tasks dependent on hippocampal 
functioning (i.e. DM; [2,36]). Additionally, the hair cortisol measure, an 
integrated measure of cortisol exposure for up to several months, has 
been used to explore the relationship between long-term endogenous 
cortisol levels and cognitive performance (for more details see: [68]). In 
this context, Pulopulos et al. [63] proposed that individuals with lower 
long-term cortisol exposure might be more susceptible to the detri
mental effects of HPA-axis dysregulation on cognitive processes (work
ing memory and short-term verbal memory). Similarly, some studies 
have observed adverse connections between hair cortisol levels and 
cognitive performance, especially verbal memory [24,71]. Although 
these findings underscore the established value of hair cortisol as a 
marker of long-term stress and its association with cognitive functions, 
contradictory outcomes have also emerged in this domain (e.g., [56]), 
with a significant portion of these studies conducted with older pop
ulations [63,69,83]. Thus, further exploration of these variables in 
young people is warranted. 

Another system impacted by physical and psychosocial stress is the 
Autonomic Nervous System (ANS), often assessed through Heart Rate 
Variability (HRV), which measures heart rate variation over time [27, 
80]. It has been suggested that the vagus nerve, part of the para
sympathetic system, plays a role in regulating cortisol responses during 
stress conditions [80]. In this line, a bidirectional interaction between 
the vagus nerve and the HPA axis supports this connection [55,79], 
which suggests that individuals with low vagal activity might show poor 
controlled emotional responses, worse stress adaptation, and impaired 
cognitive performance [17,64,86]. Moreover, HRV has been linked to 
cognitive performance, as in the Neurovisceral Integration Model [78], 
potentially affecting cognitive function due to imbalances in para
sympathetic and sympathetic input, which can lead to prolonged and 
exaggerated autonomous stress responses [17,64,86]. 

However, studies investigating HRV and cortisol responses during 

stress often reveal weak or non-significant associations ([13,3,44,50,9]; 
but see [22]), highlighting the need for additional research in this field. 

Based on the above, the aim of this study was to examine how social 
contact restrictions in the post-pandemic context could affect people at 
psychological/affective, biological, and cognitive levels, with a focus on 
the role of perceived loneliness and the living situation. Drawing on the 
social buffering hypothesis [18], we hypothesized that participants who 
were not living with their usual nuclear family and had to move from 
their home country during the restrictive social contact period after the 
Covid-19 lockdown would exhibit more significant mental, physical, 
and cognitive health consequences (Hypothesis 1). More precisely, 
based on previous studies [31,39,48,60], we anticipated that the current 
living situation would affect loneliness, depression, anxiety, stress, some 
biological variables (higher cortisol levels and lower heart rate vari
ability during assessments), and cognitive performance. Additionally, 
we examined the association between biological variables and memory. 
Moreover, despite the heterogeneity in the previous findings, we ex
pected to find negative relationships between biological factors and 
memory performance (Hypothesis 2), and a moderator role of loneliness 
in this association (Hypothesis 3) (See Fig. 1). 

2. Materials and methods 

2.1. Participants 

A final sample of 45 young students between 20 and 33 years old 
(mean = 25.6 years old, SD = 3.107) participated in the study. They 
were recruited in person from March to April 2021. All the participants 
were students at the University of Valencia who were attending the last 
year of their bachelor’s degree or starting a master’s degree. All the 
participants were native Spanish speakers. 

The groups were established according to their living situation 
(living alone far from their home country/or living with others in their 
home country) during the past 8 months, including the study period. The 
group that was living alone (Alone Group, AG) was composed of 23 
participants consisting of a total of 16 women and 7 men with a mean 
age of 25.70 years (SD=2.721). The inclusion criteria for the AG group 
were as follows: having to change their family nucleus, having to move 
from the home country, and having lived alone during the past 8 
months. The group that was living with others (not alone group, NAG) was 
composed of 14 women and 8 men with a mean age of 25.50 years 
(SD=3.529). For the NAG group, the inclusion criteria were: not having 
changed their family nucleus or moved from the home country, and 
having lived with relatives, friends, or spouse during the past 8 months, 
including the study period. 

The exclusion criteria used for both groups encompassed the 
following conditions: the presence of cardiovascular or neuroendocrine 
abnormalities, a history of neurological or psychiatric disorders, the 
consumption of more than 10 cigarettes per day, or the excessive use of 
drugs or alcohol (not exceeding 20 g/day for women and 30 g/day for 
men). Individuals who reported meeting any of these exclusion criteria 
in a preliminary telephone interview were not invited to participate in 
the study. Approximately five participants were excluded from the AG 
group and 12 from the NAG group. Consequently, no data were collected 
from these individuals. 

2.2. Procedure 

Participants who met the inclusion criteria were contacted by tele
phone and summoned to the University of Valencia to participate in a 
single evaluation session lasting approximately 55–60 min. The study 
took place between March and May 2021, when preventive social 
distancing measures (e.g., hybrid classes, limited travel, no social or 
mass events, and mandatory use of face masks) were in effect. Partici
pants’ well-being was prioritized throughout the protocol. All the 
necessary preventive measures were taken, such as disinfection, social 
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distancing, obligatory use of masks, etc. 
Before the session, participants were told to refrain from smoking, 

eating, or taking stimulants (e.g., tea or coffee) at least two hours before 
the session, and to avoid engaging in intense physical activity 24 h 
before the session. The research protocol was the same for both groups 
(AG and NAG). All participants received written information about the 

study and signed an informed consent form to participate in the study, 
which was conducted in accordance with the Declaration of Helsinki. 
The Ethics Committee of the University of Valencia approved the study. 

The research protocol (see Fig. 2) started with habituation (pre-tasks 
phase) for 10 min to ensure the participant’s adaptation to the setting. 
During this phase, a chest strap for heartbeat detection was placed, and 

Fig. 1. Conceptual models for the theoretical framework of the hypotheses: (a) Existing literature, suggesting that participants’ living situations during the 
pandemic, whether living alone after relocation or with others, are associated with differences in key variables. It is emphasized that living alone during the 
pandemic has been linked to increased feelings of loneliness, stress, and depression, reflected in elevated cortisol levels and reduced Heart Rate Variability (HRV). 
Furthermore, it is posited that these factors may impact memory performance. (b) Framework of the hypotheses: We grouped people into two categories, AG and 
NAG, based on their living situation. H1: Group differences in psychological, biological and cognitive variables, H2: Correlations between biomarkers and memory 
performance, H3: We expected that the interaction between the biomarkers and memory performance will be moderated by loneliness. 

Fig. 2. A representative timeline of the session.  

D. Batallas et al.                                                                                                                                                                                                                                



Behavioural Brain Research 459 (2024) 114771

4

participants did not receive any specific instructions other than to 
breathe normally, in order to avoid any disturbance in the cardiovas
cular measurement. Next, the immediate memory-task phase, which las
ted approximately 20 min, took place, and participants performed the 
following memory tests or subtests: 1) RBMT-belonging (PM), 2) Digit 
Span-Forward and Digit Span-Backward (WM), 3) RBMT-Appointment 
(PM), 4) FCSRT-immediate (DM), and 5) RBMT-route and RBMT- 
message (PM). During the next phase, the post-immediate memory task 
phase, participants performed the delayed RBMT-Appointment and fil
led out some psychological questionnaires and scales. After that, par
ticipants completed the delayed-free and facilitated recall subtests of the 
FCSRT, as well as the delayed RBMT-route, RBMT-message, and RBMT- 
belonging. The cardiovascular recording was continuous throughout the 
session.. 

2.3. Questionnaires and psychological scales 

2.3.1. Sociodemographic information related to COVID-19 and daily life 
habits 

The questionnaire designed to collect data on socio-demographic 
variables consisted of three sections: 1) COVID-19 Conditions, which 
covers symptoms, diagnoses, hospitalization, lingering effects, and the 
impact on family and friends. The survey also assesses emotional well- 
being, changes in the living situation, household composition, and 
pandemic-related stressors. 2) Sociodemographic Characteristics, which 
allowed us to gather data on various variables of interest, including age, 
sex, completed education level, alcohol consumption, and cigarette 
smoking. 3) Lastly, participants responded to a section of questions 
about their social contact with family and friends, in order to assess their 
conditions during the study period. This section also included additional 
questions about aspects related to mobility and social interactions. It 
began by collecting information about the participant’s nationality and 
then explored experiences of relocation in the past year, requesting 
details about the type of move and any time zone differences in the case 
of relocating to another country. Subsequently, the questions delved into 
aspects of social contact with family and friends, inquiring about the 
frequency (the average number of hours in a typical week in the past 
year) and communication methods employed (such as face-to-face, 
WhatsApp, phone calls). Detailed questions are found in Supplemen
tary Data 1. 

2.3.2. Loneliness 
Perceived loneliness was assessed with the Spanish adaptation [82] 

of the revised UCLA loneliness scale (R-UCLA) [67]. This scale contains 
20 items rated on a four-point Likert scale ranging from 1 (never) to 4 
(often). The total score ranges from 20 (low) to 80 (high). The internal 
consistency calculated in this study was 0.88. 

2.3.3. Perceived stress 
Perceived stress was assessed with the Spanish version of the 4-item 

Perceived Stress Scale (PSS-4) [81], which was reduced from the orig
inal scale [19]. This scale is designed to measure the degree to which life 
situations are evaluated as stressful in the past month. The response 
scale is a five-point Likert-type scale (0 =never, 1 =rarely, 
2 =sometimes, 3 = quite often, and 4 = very often). The total score 
ranges from 0 to 16. Our study showed good internal consistency, with a 
Cronbach’s alpha of 0.85. 

2.3.4. Depressive symptoms 
Depressive symptoms were measured with the Spanish version [61] 

of the Beck Depression Inventory-II (BDI-II) [7]. This inventory is 
composed of 21 items that assess cognitive, somatic, and behavioral 
symptoms of depression experienced in the past two months. The 
response scale for each item ranges from 0 to 3, with four possible 
specific answers for each item (e.g., Mood: I do not feel sad; I feel sad 
most of the time; I am sad all the time; I am so sad and unhappy that I 
can’t stand it). By directly adding up the score on each item, a total 
global score can be obtained (from 0 to 63), where higher scores indicate 
a greater degree of depression. For this study, Cronbach’s alpha was 
0.94. 

2.3.5. Subjective Memory Complaints (SMCs) 
SMCs were measured with the Spanish version [51] of the Everyday 

Life Memory Failure (MFE-30) Questionnaire [77]. This questionnaire 
contains 30 items that explore SMCs through situations and activities of 
daily life. Items are rated on a Likert-type scale (0 = never or almost 
never to 4 = always or almost always). Higher scores indicate more 
everyday memory failures, with a maximum score of 120. Our study 
showed good internal consistency, obtaining a Cronbach’s alpha of 0.94. 
In addition, we also used an initial question asking whether or not they 
had memory problems. 

2.4. Memory 

2.4.1. Working memory 
To measure the participants’ working memory performance, the 

Spanish version of the Digit Span from the Wechsler Memory Scale III 
(Wechsler, 1997) was administrated. For this study, we used both the 
Digit Span Forward (DS-Forward) and Digit Span Backward (DS-Back
ward) subtests. 

DS-Forward is a subtest used to measure the spatial component of 
working memory and attentional processes, whereas DS-Backward is 
used for the WM executive component [20]. These subtests require 
participants to repeat a series of numbers of increasing lengths (up to a 
maximum of 9 digits on the DS-Forward and a maximum of 8 on the 
DS-Backward). Participants had to repeat the numbers in the same order 
(DS-Forward) or the reverse order (DS-Backward) of their presentation. 
For both subtests, each enclosure length was tested twice. After two 
errors on the same length in each version, the test ends. The maximum 
possible score on the DS-Forward is 16, whereas for the DS-Backward, it 
is 14. 

2.4.2. Declarative memory 
The Spanish adaptation [45] of the Free and Cued Selective 

Reminding Test (FCSRT; [32]) was used to measure declarative memory 
performance. The FCSRT measures episodic memory by controlling 
attention and cognitive processing. The test starts with an identification 
phase by asking the person to recognize 16 words that belong to a 
different semantic category. During this phase, the individual is told to 

Fig. 3. HRV during pre-task, Immediate memory task, and post-immediate 
memory task by group. Values are shown as the means + standard error bars. 
The Y axis represents the log 10 transformed values and the X axis the 3 pe
riods analyzed. 
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identify the 16 words (the participant can only go on to the next phase 
after identifying all 16 words). There are three recall trial phases, each 
preceded by 20 s of counting backward to prevent recall from short-term 
memory. Each recall trial consisted of two parts. First, each subject had 
up to 2 min to freely recall as many items as possible. Second, aurally 
presented category cues were provided for items that were not retrieved 
by free immediate recall. If subjects failed to retrieve the item with the 
category cue, they were reminded by presenting the cue and the item 
together. The same recall procedure (freely and cued) is carried out after 
a 20 min interval during which subjects are required to perform 
non-verbal tasks. Following Hidalgo et al. [36], we calculated one 
outcome from this test: (i) Retention Rate percentage of the total number 
of words recalled after a 30 min delay compared to the total number of 
words recalled on the first three trials (Delayed Recall/Immediate Recall 
× 100) (DMI). 

2.4.3. Prospective memory 
To ecologically assess prospective memory, we used four subtests 

(belonging, appointment, and route and message) from the Rivermead 
Behavioral Memory Test (RBMT, [85]). The Belonging subtest is a 
remembering task where the examiner asks for a personal belonging that 
was hidden somewhere at the beginning of the session (range 0–4 
points). The Appointment subtest consists of asking about a future 
appointment when an alarm rings (range 0–2 points). The route subtest 
involves remembering a route the examiner had previously shown. The 
message subtest is part of the route subtest, and it requires the partici
pant to take an envelope and put it in the same place where the examiner 
put it when demonstrating the route subtest. The route and message 
subtests measure immediate and delayed recall, and we used both 
components. The score for both immediate and delayed recall on the 
route subtest is 5 points each; 1 point is awarded for each place covered 
in the correct order (range 0–10 points). The message subtest is scored 
separately; 2 points are awarded if the participant picks up the message 
instantly and 1 point if he/she leaves it in the correct place. The total 
score for both immediate and delayed recall ranges from 0 to 6 points. 
For the analyses, we used the total score on the Prospective Memory Test 
(PMT), which ranges from 0 to 22 points, using the sum of the raw scores 
on each subtest. 

2.5. Hair Cortisol 

At the end of the session, three strands of hair samples were carefully 
cut from the posterior vertex region. Given a general growth rate of 
1 cm/month [74], these segments are assumed to reflect hair growth 
during the four months before the respective sampling points. Due to 
variability in lengths of strands of hair, only strands of hair (1 ×4 cm 
segmentation) adjacent to the scalp were analyzed. Hair samples were 
prepared and analyzed in the laboratory of Prof. Kirschbaum (Depart
ment of Psychology, Technische Universität Dresden, Germany). An 
ultra-performance liquid chromatography–tandem mass spectrometry 
(UPLC–MS/MS) method was used to examine hair cortisol samples, in 
line with the protocol by Wang et al. [84]. 

2.6. Cardiovascular registry 

Cardiac activity was measured with the Polar watch model RS800cx 
(PolarCIC, USA). This device has a chest strap for heartbeat detection 
and transmission and a watch for data storage. The Polar device mea
sures R-R intervals with a sampling rate of 1000 Hz. The obtained data 
were subsequently analyzed with Kubios Analysis software (Biomedical 
Signal Analysis Group, University of Kuopio, Finland). The electrocar
diogram was visually analyzed, and artifact correction was performed 
using the "mean" correction option offered directly by the program. 
Means were analyzed from the middle of the recorded periods, following 
the recommendations of the Task Force (1996). Hence, we used a 5-min
ute interval from each of the three periods (pre-tasks, immediate 

memory task, and post-immediate memory task). 
To assess HRV, we employed a time domain variable, specifically, the 

Root Mean Square of the Successive Differences (RMSSD) value. RMSSD 
is a reliable measure for capturing the short-term components of HRV, 
and it represents the square root of the mean of the sum of the squared 
differences between successive RR intervals. In healthy individuals, 
RMSSD serves as a robust indicator of vagal tone [42,78]. Importantly, 
RMSSD is less affected by respiratory influences, compared to 
high-frequency parameters [37]. 

2.7. Statistical analyses 

To characterize the sample and assess the differences between the AG 
and NAG groups (Hypothesis 1) in the sociodemographic variables, 
psychological/affective characteristics (loneliness, perceived stress, 
depression, and SMCs), social interaction characteristics, and cortisol, 
independent Student’s t-tests and chi-square were used. In cases of un
equal variances, we applied p-value corrections based on Levene’s test. 
To assess memory performance, we employed a working memory index 
(WMI), following the approach of Franz et al. [28]. DS Backward scores 
were adjusted for DS Forward. To calculate this adjusted index, we 
performed a one-way ANOVA and included ’ DS forward’ as a covariate. 
Then, to compare memory performance between groups, one-way 
ANOVAs were used, with the following memory outcomes as depen
dent variables: for working memory, WMI; for declarative memory, the 
retention rate (DMI); and for prospective memory, the total score (PMT). 
Effect size was assessed via partial eta-squared values, and the 
Greenhouse-Geisser correction was applied when the sphericity 
assumption was not met in the ANOVAs. For multiple comparisons, the 
False Discovery Rate (FDR) method was used to control for Type I error 
inflation, and all adjusted p-values were reported. 

The Kolmogorov-Smirnoff test was used to test the normality of the 
biological variables. They were not normally distributed, and so they 
were log-transformed. Because not all the participants provided the hair 
sample or met the minimum required length, the total sample for this 
analysis consisted of 19 participants in the AG group (3 men and 16 
women) and 12 in the NAG group (3 men and 9 women). In addition, for 
HRV analysis, the recordings of 1 man and 2 women in the AG group and 
1 man in the NAG group had to be excluded due to movement artifacts or 
insufficient quality of the electrocardiogram signal. Therefore, the total 
sample for HRV was composed of 20 participants in the AG group (6 men 
and 14 women) and 21 in the NAG group (7 men and 14 women). 

To measure cardiovascular activity during the memory task, a 
repeated-measures ANOVA was performed with Group (AG vs. NAG) as 
a between-subjects factor and Period (pre-tasks, immediate and post- 
immediate memory tasks) as an intra-individual factor. Post-hoc plan
ned comparisons were performed using Bonferroni adjustments for the 
p-values. 

To explore possible relationships between memory performance and 
hair cortisol and cardiovascular measures (Hypothesis 2), Pearson’s 
correlations were calculated using the previously described memory 
outcomes, hair cortisol levels, and HRV-RMSSD during the memory task. 

Finally, we conducted moderation analyses (Hypothesis 3) with 
cortisol and HRV as the independent variables separately, memory 
outcomes as the dependent variables, and loneliness as the moderating 
variable. For this analysis, we utilized PROCESS 3.4 in SPSS (Model 1). 
PROCESS employs bootstrapped bias-corrected 95% confidence in
tervals with 5000 bootstrapped samples to determine the significance of 
the interaction effect in the moderation analysis. When the confidence 
interval for the interaction effect in the moderation analysis did not 
include zero, it was interpreted as indicating a significant interaction or 
indirect effect, following Hayes [35]. 

The level of significance for all analyses was set at 0.05. All statistical 
analyses were performed with the statistical program SPSS version 21.0. 
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3. Results 

3.1. Group differences 

3.1.1. Sociodemographic and Psychological/affective characteristics 
The sociodemographic and psychological/affective characteristics of 

both groups (described using means and standard deviations) are shown 
in Table 1. Student’s t-tests showed no significant differences in age or 
years of education (all p > 0.629). Nor were there significant differences 
related to having contracted COVID-19, having a family member who 
died from COVID-19, or any other COVID-19-related questions on the 
questionnaire (see Supplementary Data 2) (all p > 0.097). Moreover, we 
found no significant differences in perceived stress and depression (both 
p > 0.373). 

Although the AG group scored higher on loneliness (p = 0.018), the 
two groups did not exhibit significant differences in the average number 
of hours in a typical week spent communicating or contacting family (t 
(43) = − 1.259, p = 0.387) and friends (t (43) = − 0.178, p = 0.910), 
and they engaged in the same type of contact with family (χ 2 = 5.881, 
p = 0.638) and friends (χ 2 = 3.360, p = 0.245) at the telematic level 
(WhatsApp, Zoom, or similar). However, significant differences were 
found in face-to-face contact with family (χ2 = 8.696, p = 0.018) and 
friends (χ2 = 11.761, p = 0.018), with more participants in the NAG 
group reporting face-to-face contact than in the AG group (see Table 2). 

Furthermore, we found a marginal difference in SMCs (p = 0.056), 
given that AG reported more memory complaints. There were also sig
nificant differences on the yes/no question about having memory 
problems (χ2 = 10.672, p = 0.002), with a higher percentage of people 
in the AG group reporting memory problems (60.9%), compared to 
13.6% of the NAG. 

3.1.2. Biomarkers 
We found marginal differences in the hair cortisol concentrations (t 

(29) = 2.426, p = 0.079), with the AG group showing higher levels than 
the NAG group. 

Analyses of the HRV response pattern during the memory tasks 
showed that, regarding the RMSSD, the Period factor reached statistical 
significance (F[2,78]=8.248, p < 0.001, n2

p =0.174), reflecting lower 
values during the immediate memory tasks than during the post- 
immediate memory task period (p < 0.001). No significant differences 
were found between pre-task vs post-immediate memory tasks 
(p = 0.306) and immediate memory tasks (p = 0.076). In addition, no 
significant effects of the Group factor (F[1,39]= 2326, p = 0.135, n2

p 
=0.056) or the Group x Period interaction (F[2,78]= 1.402, p = 0.252, 
n2

p =0.035) were found. 

3.1.3. Memory performance 
One-way ANOVAs revealed significant effects of the Group on WM (F 

(1,43) = 4.435, p < 0.009, n2
p = 0.286). Thus, the AG group obtained 

lower scores than the NAG. Furthermore, a marginal difference was 
found in PM (F(1,43) = 20.826, p = 0.072, n2

p = 0.112). No significant 
differences were found in DM (p = 0.262) (see Table 3). 

3.2. Relationship between memory performance and biomarkers 

We performed Pearson’s correlations between memory performance 
outcomes and biomarkers, but no significant relationships were found 
(all p > 0.340). 

3.3. Moderation analyses 

Results of the moderation analyses showed a significant interaction 
effect of loneliness in the relationship between hair cortisol levels and 
PM (B = − 0.423, p = 0.0004). Hair cortisol concentrations were nega
tively related to PM when participants scored high (p = 0.0003) and 
moderate (p = 0.0182) on loneliness. However, the relationship be
tween cortisol and PM was marginally positive in those participants who 
scored lower on loneliness (p = 0.0513). No interaction effect of lone
liness was found in the relationships between cortisol and WM 
(p = 0.832) or DM (p = 0.536) (Table 4). 

Table 1 
Sample characteristics. Mean values (M), Standard Deviations (SD), and Student’s t-test values.   

AG 
(n = 23) 

NAG 
(n = 22) 

t (gl) p Adjusted 
p 

M SD M SD  

Sociodemographic characteristics  
Age (years) 25.696 2.721 25.500 3.529 0.209(43) 0.836 0.941 
Years been in the education system 17.220 1.929 16.59 3.389 0.757(33.008) 0.454 0.584 
Alcohol consumption 

(Nº of drinks per week) 
1.914 2.466 1.909 1.716 0.006(43) 0.995 0.995 

Cigarette consumption 
(Nº of cigarettes per week) 

0.174 0.491 0.727 2.251 -1.128(22.911) 0.271 0.375 

Psychological/affective characteristics  
Loneliness 38.087 9.657 30.636 5.169 3.246 (33.960) 0.003 * 0.018 * 
Perceives stress 6.565 3.883 5.773 3.436 0.724(43) 0.473 0.568 
Depression 13.478 10.962 9.818 8.958 1.223(43) 0.228 0.342 
SMCs test scores 29.522 17.170 20.182 14.575 1.963(43) 0.056 0.126 

Abbreviations: AG, Along Group; NAG, Not Along Group; Subjective Memory Complaints, SMCs. *p < 0.05. 

Table 2 
Sample Social interaction characteristics (weekly).  

Social interaction 
characteristics 

AG 
(n = 23) 

NAG 
(n = 22) 

p Adjusted 
p 

Hours of communication with 
family 

5.00 
(4.112 

7.864 
(10.073) 

0.215 0.352 

Hours of communication with 
friends 

6.348 
(4.579) 

6.636 
(6.184) 

0.859 0.910 

Type of telematic contact 
maintained with family 
None 
Zoom or similar 
WhatsApp 

0(0%) 
0(0%) 
23(100%) 

4(18.2%) 
1(4.5%) 
17(77.3%) 

0.053 0.136 

Type of telematic contact 
maintained with friends 
None 
Zoom or similar 
WhatsApp 

0(0%) 
0(0%) 
23(100%) 

3(13.6%) 
0(0%) 
19(86.4%) 

0.109 0.218 

Face-To-Face Family Interaction 
Yes 
No 

1(4.3%) 
22(95.7%) 

9(40.9%) 
13(59.1%) 

0.004 0.018* 

Face-To-Face Friends 
Interaction 
Yes 
No 

0(0%) 
23(100%) 

9(40.9%) 
13(59.1%) 

0.001 0.018* 

Abbreviations: AG, Along Group; NAG, Not Along Group. *p < 0.05. Weekly: 
The average number of contact hours in a typical week in the past year 
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Additionally, loneliness did not moderate the relationship between 
HRV and any type of memory (all p > 0.179) (Table 5). 

4. Discussion 

The present study aimed to explore how social contact restrictions in 
the post-pandemic context could affect people at psychological/affec
tive, biological, and cognitive levels, with a focus on the role of 

perceived loneliness and the living situation. 
Overall, our results showed that individuals who had changed their 

nuclear family and were living alone outside their home country for the 
previous eight months had greater feelings of loneliness, marginally 
higher hair cortisol levels, and worse working memory and prospective 
memory performance, compared to individuals who maintained their 
nuclear family and did not live alone during the previous eight months. 
Interestingly, although there were no significant differences in telematic 
communication time with family and friends, there were evident dif
ferences in face-to-face communication. Our results suggest that living 
alone in another country without the usual face-to-face contact with 
family and friends leads to higher perceived loneliness and worse 
cognitive performance. 

These results replicate what was found by Ingram et al. [40], who 
showed that performance on cognitive tasks (including memory tasks) 
was determined by the levels of social isolation of the individuals and 
improved significantly as the COVID-19 pandemic restrictions were 
lifted (greater mobility and more social contact). Our results are also 
consistent with pre-pandemic studies showing that loneliness and social 
isolation were associated with lower working memory, immediate and 
delayed recall of verbal fluency, and prospective memory performance, 
particularly in middle- and older-aged adults [34,47]. Similarly, the 
results are consistent with research conducted in the older population 
that concluded that better cognitive functioning was associated with 
more social support [23,41,43], whereas social isolation showed an in
verse pattern [12,57]. 

To the best of our knowledge, no previous studies have explored the 
relevance of social support in memory performance specifically in young 
adults during the pandemic. However, some studies have shown that the 
situation during the COVID-19 pandemic led to a significant increase in 
perceived stress, anxiety, and depression that has been negatively linked 
to cognitive performance [26,5,54]. Indeed, the scores for perceived 
stress and depression observed in our study, in both the AG and the NAG, 
align closely with the during-confinement scores documented by 
Baliyan et al. [4], who reported significant differences between the 
levels prior to the pandemic and those registered during the pandemic 
period. There was an increase in perceived stress, anxiety, and depres
sion that was largely attributed to the uncertainty brought about by the 
restrictions, preventive measures (e.g., quarantines, limited mobility), 
and, therefore, sudden changes in daily activities, including studies and 
remote work. 

These results align with the social buffering hypothesis [18], which 
proposes that social relationships have a positive impact on both phys
ical and mental health. Specifically, our findings are in line with a 
similar study by Hopf et al. [39] during the COVID-19 lockdown, 
demonstrating that living with others becomes an increasingly impor
tant factor in mitigating loneliness. In our study, despite finding no 
significant differences in any of these perceived psychological factors, 
significant differences in loneliness and marginal differences in hair 
cortisol levels were reported. Furthermore, the absence of significant 
correlations between cortisol and memory outcomes, combined with the 
significant interaction effect between loneliness and prospective mem
ory in the moderation analysis, suggests that, although cortisol levels 
alone may not be indicative of memory performance, the interaction 
with loneliness is a crucial factor that highlights the complex relation
ship between psychological and physiological factors in memory 

Table 3 
Mean values and standard deviations (SD) of memory outcomes and statistics of group comparisons with one-way ANOVAs.   

AG 
N = 23 

NAG 
N = 22 

F [1,43] p Adjusted 
p 

n2
p 

Mean S.D. Mean S.D. 
Working Memory 4.435 1.674 7.091 1.377 16.805 0.001 0.009* 0.286 
Declarative Memory 262.032 39.185 245.212 33.857 2.364 0.131 0.236 0.052 
Prospective Memory 20.826 1.267 21.636 1.049 5.436 0.024* 0.072 0.112 

Abbreviations: AG, Along Group; NAG, Not Along Group. *p < 0.05. 

Table 4 
Adjusted moderation analyses with cortisol as a predictor and memory as a 
dependent variables in different values of loneliness.  

Dependent variable: working memory 

ΔR2 interaction = 0.001 F= 0.0461, df (1,2)= 1, 26 p = 0.832 
LLCI= − 0.342 ULCI= 0.421 

Loneliness Effect SE t p LLCI ULCI 
27.000 -0.731 1.343 -0.544 0.591 -3.492 2.031 
34.000 -0.452 1.071 -0.421 0.677 -2.654 1.751 
43.760  -0.626 2.423 -0.026 0.910 -5.043 4.917 

Dependent variable: declarative memory 
ΔR2 interaction = 0.014 F= 0.3921, df(1,2)= 1, 27 p = 0.536 

LLCI= − 6.225 ULCI= 11.693 
Loneliness Effect SE t p LLCI ULCI 
27.000 -5.665 31.247 0.181 0.858 -58.450 69.780 
34.000 24.803 23.212 1.069 0.295 -22.8259 72.432 
43.760 51.487 55.199 0.933 0.360 -61.776 164.749 
Dependent variable: Prospective memory 
ΔR2 interaction = 0.312 F= 15.953, df (1,2) = 1, 27 p = 0.0004 

LLCI= 0.065 ULCI= 0.338 
Loneliness Effect SE t p LLCI ULCI 
27.000 1547 0.759 2.039 0.051 -.0.009 3.104 
34.000 -1.417 0.564 -2514 0.0182 -2.5733 -0.2603 
43.760 -5549 1340 -4,1405 0.0003 -8299 -2799  

Table 5 
Adjusted moderation analyses with HRV as a predictor and memory as a 
dependent variable in different values of loneliness.  

Dependent variable: Working Memory 

ΔR2 interaction = 0.032 F= 1.888, df (1,2)= 1, 36 p = 0.179 
LLCI= − 0.114 ULCI= 0.594 

Loneliness Effect SE t p LLCI ULCI 
26.000 -0.685 2.111 -0.325 0.747 -4.967 3.596 
34.000 1.232 1.452 0.849 0.402 -1.712 4.177 
41.280 2.978 1.832 -1.625 0.113 -0.739 6.694 
Dependent variable: Declarative Memory 
ΔR2 interaction = 0.006 F= 0.248, df (1,2)= 1,37 p = 0.622 

LLCI= − 9.457 ULCI= 5.728 
Loneliness Effect SE t p LLCI ULCI 
26.000 64.474 46.056 1.400 0.170 -28.847 157.794 
34.000 49.557 32.181 1.540 0.132 -15.650 114.762 
41.280 35.982 40.119 0.897 0.376 -45.308 117.272 
Dependent variable: Prospective Memory 
ΔR2 interaction = 0.007 F= 0.323, df (1,2) = 1, 37 p = 0.573 

LLCI= − 0.296 ULCI= 0.166 
Loneliness Effect SE t p LLCI ULCI 
26.000 1.356 1.401 0.968 0.339 -1.482 4.195 
34.000 0.839 0.979 0.857 0.397 -1.145 2.822 
41.280 0.367 1.220 0.301 0.765 -2.106 2.839  
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function, leading us to suggest that both factors are relevant in memory 
performance. 

The stronger negative relationship between cortisol and prospective 
memory in individuals who report high levels of loneliness indicates a 
vulnerability in this subgroup. This finding is well-aligned with previous 
research indicating that chronic stress, reflected by elevated hair cortisol 
levels, may impact cognitive function, especially during major stressful 
events (e.g., [29]). Therefore, loneliness might intensify the cognitive 
effects of stress, possibly due to an increased vulnerability to the harmful 
effects of stress hormones, as evidenced by the functioning of the 
hypothalamic-pituitary-adrenal (HPA) axis ([14]; Montuoli, et al., 
2019). 

Moreover, the weaker but still negative relationship in those with 
moderate loneliness may indicate a dose-response relationship, where 
the degree of loneliness corresponds to the strength of the cortisol- 
prospective memory link. Meanwhile, the marginal significance in the 
low loneliness group could indicate a resilience to these effects. 

The absence of moderating effects of loneliness in the relationships 
between cortisol and working memory and declarative memory suggests 
that the observed interaction is specific to prospective memory. It may 
be related to the unique cognitive processes involved in prospective 
memory, which is more future-oriented and dependent on self-initiated 
actions and motivation than the other memory types investigated. In 
addition, the disruption of established routines during the pandemic led 
to the emergence of new behavior patterns, potentially affecting pro
spective memory more profoundly. This specificity underscores the need 
for further research to explore the underlying mechanisms responsible 
for this phenomenon, primarily to comprehend the effects of chronic 
stress on this type of memory, given that the findings in the literature are 
inconsistent [16,59,76]. 

Regarding the two groups’ cardiovascular responses, it is relevant to 
note that the physiological status of the participants was not experi
mentally manipulated with any psychosocial stressor. However, one of 
the essential components of psychosocial stress is evaluation, and so we 
consider that the neuropsychological assessment involved a high 
cognitive demand that required parasympathetic control. Consequently, 
we hypothesized that participants in the AG group would exhibit lower 
heart rate variability (HRV). However, we did not find statistically sig
nificant differences between the two groups. Nevertheless, during spe
cific periods, our results support the notion that reduced 
parasympathetic activity may function as a noteworthy biomarker of 
cognitive performance. This is particularly evident in the resting values, 
indicating an overall pattern of increased parasympathetic activity 
following a cognitive challenge [66,73]. 

However, RMSSD showed no significant negative correlations with 
memory outcomes or a significant interaction in the moderation anal
ysis. The lack of significant relationships is contrary to previous studies 
(Giuliano et al., 2017; [33]) in which these measures were associated 
with better performance on working memory and other cognitive tasks, 
showing that strong trait-level prefrontal regulatory control buffers in
dividuals’ physiological state level. Nevertheless, the correlations be
tween HRV and memory tasks are small and unstable across all studies 
[11,1,38,72]. 

This study has some limitations. Although it is known that mental 
workload may be associated with cardiovascular disease, particularly on 
cognitive tasks requiring significant effort [53], our assessment was 
limited to memory performance. Therefore, it would have been inter
esting to evaluate other functions as well. Additionally, it is important to 
note that the non-random assignment of our participants in our study, 
due to ethical and practical considerations, limits our ability to draw 
causal conclusions. Furthermore, considering the NAG group’s position 
within a spectrum of healthy social contact and interactions in stable 
situations, future research should take into account perceived social 
support and the quality of interactions as important factors. Moreover, 
we did not conduct a power analysis prior to the study, and the sample 
size could be limiting our statistical power. Therefore, future research 

could benefit from a larger sample. 
In sum, the current study provides novel evidence showing that the 

lack of close, nearby personal contact, which could serve as instrumental 
support during the restrictive living conditions associated with the 
COVID-19 pandemic, was related to worse memory performance 
(working memory, declarative memory, and prospective memory), and 
that loneliness played a crucial role in the relationship between cortisol 
and memory performance. Our findings allow us to understand the 
intricate relationship between loneliness, cortisol levels, and prospec
tive memory, while highlighting the paramount importance of direct, 
face-to-face social interactions in memory research. Although cortisol 
levels alone did not directly correlate with memory outcomes, our study 
highlights the role of loneliness in the relationship between hair cortisol 
levels and prospective memory, emphasizing the need to consider both 
psychological and physiological factors. This research contributes to our 
understanding of the multifaceted dynamics among these factors, and it 
underscores the significance of examining individual differences when 
developing future research and interventions. 

This result may contribute to our understanding of the detrimental 
consequences of social isolation at the cognitive and physiological 
levels. Additionally, further investigation into the underlying mecha
nisms that explain the observed interactions is warranted, especially in 
the context of pandemic-related stressors. Longitudinal studies could 
help to elucidate the directionality of these relationships and provide 
insights into potential interventions to mitigate the negative effects of 
loneliness on memory during challenging times, especially in young 
people. 
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