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Abstract

Stress can be a risk factor for mental and physical health. We investigated the role of social burden as a potential stressor in
older age and its associations with cognitive aging (i.e., within the domains inhibition and cognitive flexibility of executive
functioning). Eighty-three older adults (N =38 male, mean age =74.0 +5.7 years, body-mass index =25.5 + 4.1 kg/m?) aged
64 years or older participated. Cognitive flexibility and inhibition were assessed by means of a Trail-Making Test (TMT) and
a Stroop task. Perceived levels of social burden and perceived stress in general were assessed via standardized questionnaires.
Furthermore, diurnal cortisol profiles were assessed. Overall, older participants showed lower cognitive performance than
the younger (both inhibition and cognitive flexibility; p <.044). However, this association did not remain significant when
adjusting for multiple comparisons. Social burden was highly correlated with perceived stress, highlighting its importance as
a stressor (p <.001). Furthermore, participants who reported higher levels of perceived stress showed lower performance in
the TMT as a measure for cognitive flexibility (p <.001). Moreover, social burden was associated with cognitive flexibility,
which was assessed by means of the TMT (p=.031). However, this association did not remain significant when using the
adjusted a-level. Furthermore, we found that total diurnal cortisol output was a mediator for the relationship between age
and inhibition, which was assessed by means of a Stroop task. At last, we found that the mediating role of cortisol interacts
with social burden in the way that especially in younger age, high levels of social burden are associated with higher cortisol
levels and, therefore, with lower cognitive performance. We conclude that it is important to consider social burden as an
additional stressor in older age which is associated with cognitive aging.
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Introduction

Impairments in cognitive functioning (e.g., in executive
functioning, EF) are one of the most stressful and chal-
lenging burdens in older age (Petermann and Roth 2006).
Executive functioning is particularly important for older
Responsible Editor: MatthiasKliegel people to maintain an independent and satisfied lifestyle.
2 Linda Bocker Executive functions include multiple skills such as cogni-

linda.becker @fau.de tive flexibility, inhibition, and working memory (Miyake
and Friedman 2012). Even in older people, who do not
develop dementia or mild cognitive impairment, sub-
clinical cognitive changes can be found in many cases
(Harada et al. 2013). There is a distinct age-related decline
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structural changes in the prefrontal cortex (PFC; Brand
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EF. One risk factor that is associated with structural and
functional changes in the PFC is stress (Arnsten 2009;
McEwen et al. 2016; Murmu et al. 2006), and associa-
tions between long-term stress exposure and impairments
in cognitive functioning have been found (Chrousos 2009;
Mika et al. 2012). Therefore, age is associated with the
risk of decreasing cognitive functioning, which might be
associated with long-term stress exposure (e.g., in EF;
Esch, Stefano et al. 2002; Lupien et al. 2009). From a
psychological perspective, stress can be explained with
respect to the transactional stress model by Lazarus and
Folkman 1987. This model focusses on human—environ-
ment interactions. According to the transactional stress
model, the subjective evaluation of an event (so-called
appraisal) determines whether and how subsequent
coping takes place (Lazarus and Folkman 1984, 1987).
From a biological perspective, a cascade of physiologi-
cal responses occurs in stressful situations (e.g., when the
person detects a threat; Gaab et al. 2005). These include
the activation of autonomous, neuro-endocrine, metabolic,
and immune responses. One of the most important systems
which are involved in the physiological stress response is
the hypothalamic—pituitary adrenal (HPA) axis which trig-
gers the release of glucocorticoids (i.e., the stress hormone
cortisol in humans) from the adrenal cortex (e.g., Lupien
et al. 2009). This HPA axis response is a typical reaction
to various stressful stimuli and burdens (Chrousos 2009;
Chrousos and Gold 1998; Gunnar and Vazquez 2001).
If the person’s resources are sufficient to cope with the
stressor, the glucocorticoid levels return to baseline and
no long-term health consequences occur. However, if the
available resources of the individual are exceeded by the
frequency and/or intensity of the stressors, physiological
and psychological overload can be the result. This can
lead to allostatic overload due to non-sufficient adapta-
tion and coping mechanisms (Juster et al. 2010; McEwen
1998), with the HPA axis being one of the most vulnerable
physiological systems for allostatic overload development
(Zsoldos and Ebmeier 2016).

A widely used and suitable marker to assess HPA-axis
functioning is diurnal cortisol activity, which can be assessed
by means of diurnal cortisol profiles, which reflect the daily
time course of the concentration of free-cycling cortisol and
which can be assessed in saliva, urine, or in blood samples
(Reinhardt 2007; Young et al. 2004). In healthy humans,
typical diurnal cortisol patterns can be found: Immediately
after awakening, cortisol levels increase until they reach a
maximum 30-45 min afterwards (so-called cortisol awak-
ening response, CAR; Pruessner et al. 1999; Stalder et al.
2016). After this, a decline in cortisol levels throughout
the day can be observed with a minimum in the late even-
ing at bedtime (Miller et al. 2007). Flatter diurnal cortisol
slopes have been shown to be related with poorer mental and
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physical health (Adam et al. 2017). However, the associa-
tions between age and HPA axis activity and, thus, diurnal
cortisol secretion patterns in older adults have still not been
fully understood (Heaney et al. 2010; Veldhuis et al. 2013).
Subsequently, although it is well known that glucocorticoids
are associated with cognitive functioning, it is still unclear
to what extent diurnal glucocorticoid secretion patterns are
associated with age-related cognitive decline (e.g., Belanoff
et al. 2001; Miller and O’callaghan, 2005).

One special potential permanent stressor, which might
be particularly important in older age and during the aging
process, but which has often been neglected in research on
cognitive aging so far, is stress due to negative social rela-
tionships. This can in the long term—Ilike other long-lasting
stressors—Ilead to a recurrent and, thus, long-term changes
of physiological stress systems such as the HPA axis, the
cardiovascular system, and the immune system (Brooks and
Dunkel-Schetter 2011). Therefore, negative social relation-
ships can—Ilike long-term stressors in general—have con-
sequences for physical and mental health (Adebahr 2020).
Furthermore, there is some evidence that the structure and
quality of social ties predict morbidity and mortality, and
that negative relationships are a source of conflicts (Brooks
and Dunkel-Schetter 2011). High levels of social conflicts
are associated with a dysregulation of the endocrine, car-
diovascular, and the immune system and are, therefore,
associated with a higher risk of negative health outcomes
(Brooks and Dunkel-Schetter 2011). Since relationships do
not change that often, older people who are exposed to forms
of negative social ties seem to be particularly vulnerable to
this special potential stressor, because—if applicable—they
have been mostly exposed to it for a long time. Moreover,
older adults could be particularly sensitive, because in older
age the quality of social relationships could play a greater
role for well-being due to changes in the structure and func-
tion of social ties (Brooks and Dunkel-Schetter 2011).

Although many attempts have been made to conceptu-
alize and operationalize social support, the literature on
negative forms of support is much narrower and differ-
ent terms are used in this regard (Laireiter et al. 2007).
Laireiter et al. (2007) use terms like social undermining,
social negativity, as well as stressful, negative, or inad-
equate support. Brooks and Dunkel-Schetter 2011 point
out that in addition to differences in terminology, the terms
that are used, such as social undermining, negative social
interactions, or problematic social ties refer to a similar
phenomenon they summarize under the multi-dimen-
sional construct social negativity. In our study, we used
the term social burden according to Fydrich et al. (1999),
who define social burden as the rather negative aspects of
social support, which is associated with feelings of rejec-
tion, narrowing, criticism, and overwhelming hindering,
as well as with negative aspects of social interactions. It
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is important to note that it has been suggested that nega-
tive aspects of social experiences could have a greater
impact on health than the positive ones (Rook 1984). This
so-called burden-oriented approach (in contrast to the
resource-oriented approach) has come more and more in
the focus of attention in recent years, although it is known
that positive social relationships are essential for the sat-
isfaction and independence of older adults and that social
burden is a risk factor for healthy aging (Schneider 1995).
However, although it seems plausible that social burden is
a potential stressor in older age, research is rare, in which
the associations between social burden as a type of nega-
tive social support and psychological stress and diurnal
cortisol secretion have been investigated. Furthermore, it
still remains an open question how social burden is related
with cognitive aging.

The aim of our study was to investigate the associations
between social burden as a potential stressor and EF in
older age. We referred to the two EF domains inhibition
and cognitive flexibility, which are both important for an
active and independent lifestyle in older age (Kelly et al.
2017; Wirth, Haase et al. 2014). We differentiated between
perceived stress and diurnal cortisol profiles as a physi-
ological measure of diurnal cortisol secretion patterns.
Our first hypothesis (H1) was that older adults will show
lower cognitive flexibility and inhibition. Because of our
cross-sectional design, we referred to this association as a
measure for cognitive aging. Our second hypothesis (H2)
was that higher perceived levels of social burden will be
associated with higher levels of perceived stress as well
as with diurnal cortisol profiles. Third, we hypothesized
(H3) that higher stress levels—perceived stress and cor-
tisol measures—will be associated with lower EF (i.e.,
cognitive flexibility and inhibition). Our fourth hypoth-
esis (H4) was that perceived stress and diurnal cortisol
profiles are mediators for the association between age and
cognitive flexibility as well as inhibition as markers for

Fig.1 Visualization of the
hypotheses (H1, H2, H3, H4,
HS5) that were tested in this
study. As executive func-

tions (EF), inhibition that was
assessed by means of a Stroop
task, and cognitive flexibility
that was assessed by means

of the Trail Making Test were
considered. Perceived stress
and two indices of the diurnal
cortisol profiles (the area under
the curve with respect to ground
and the diurnal slope) were
considered as stress measures

H1:

e

H4 and H5:

EF (i.e., cognitive aging). Furthermore, we assumed that
social burden will be an additional stressor, which we—as
our fifth hypothesis (H5)—added to the model underlying
H4. Therefore, H5 was that social burden moderates the
association between age and stress and, thus, indirectly
cognitive aging. An overview about all hypotheses is pro-
vided in Fig. 1.

Methods
Participants

In this study, initially N =100 older adults aged 64 years or
older participated. Seventeen participants had to be excluded
from statistical analysis, because four did not provide
enough saliva for cortisol assessment, four reported taking
glucocorticoid medication, eight because of outliers in the
diurnal cortisol profiles (more than 3 standard deviations
from the participants’ mean) and one because of missing
data in the social burden questionnaire. The final sample
consisted of N=_83 participants. Most of the participants
were members in a senior leisure program of the ‘Bavar-
ian Red Cross’ (Erlangen, Germany). All participants gave
their written and informed consent. Data were anonymized
directly after collection to protect participant’s privacy. The
study was conducted according to the principles expressed
in the Declaration of Helsinki and was approved by the local
ethics committee of the Friedrich-Alexander University
Erlangen-Niirnberg (# 194_18 B).

Cognitive assessment
Dementia screening

The Mini Mental State Examination (MMSE; Folstein et al.
1975) was used for dementia screening. The MMSE assesses

H2:

H3:
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(a) Congruent:

(b) Incongruent:

o D &

Fig.2 Example stimuli of the Stroop test: a congruent and b incongruent condition. In the original task, the German words ‘Fisch’ (fish), ‘Pferd’

(horse), ‘Hund’ (dog), ‘Ente’ (duck), and ‘Katze’ (cat) were used

the cognitive domains orientation, memory, attention, arith-
metic, memory, and language. It allows a classification into
four categories: ‘no dementia’ (27-30), ‘mild dementia’
(20-26), ‘moderate dementia’ (10-19), and ‘severe demen-
tia’ (<9; Eschweiler et al. 2010; Folstein et al. 1975).

Inhibition

For assessing inhibition, an in-house developed animal
Stroop task was used (Stroop 1935; Fig. 2). Our animal
Stroop task followed the same approach for inducing inter-
ference as the original color-word Stroop task (in which
colors and words are used; Stroop 1935). With our task,
we aimed to induce interference between animal shapes and
overlayed animal words in the incongruent condition, in
which animal shapes and words did not match (e.g., ‘fish’
printed on a dog). It can also be used for participants with
colorblindness, which makes it more widely applicable. In
our animal Stroop task, a word stimulus and an animal stim-
ulus were presented simultaneously to the participants. The
illustration of the animal was black, and the word was writ-
ten in white letters and overlaid the animal’s body (Fig. 2).
The participant’s task was to name the animal figures while
ignoring (inhibiting) the overlaid animal names. Five ani-
mals were used in our study (fish, horse, dog, duck, and
cat). The German names of these animals were used as over-
lays (Fisch =fish, Pferd =horse, Hund =dog, Ente = duck,
and Katze = cat). Two conditions were used in our study, a
congruent and an incongruent one. Prior to the actual test-
ing, a practice sheet was presented to the participants, which
included five animals each. Each testing sheet included five
rows with four illustrations each, resulting in 20 animals
per sheet. Each participant was given four sheets of each
condition. Time was measured separately for each of the
eight test sheets, using a stopwatch. The time measurement
started immediately after handing out the sheet to the par-
ticipant. The difference in the processing time between the
incongruent and congruent condition was used as perfor-
mance measure (Stroop score =time [Stroop incongruent
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condition]—time [Stroop congruent condition]). Larger
interference scores were considered as indicators for poorer
inhibition performance.

Cognitive flexibility

The Trail-Making Test (TMT; Reitan 1992), which is one of
the most widely used international methods for brain func-
tioning screening, was used to assess cognitive flexibility
(Rodewald et al. 2012; Tischler and Petermann 2010). The
TMT consists of the subtests A and B. Each one includes a
sample task. Part A examines visuo-motor processing and
visual processing speed. Part B assesses cognitive flexibility.
The task is to connect 25 circles in the correct order, using
the dominant hand. The circles include numbers (Part A)
and numbers or letters (Part B). Depending on the level of
neuropsychological functioning, the duration of the TMT
is five to ten minutes (Tischler and Petermann 2010). The
time measurement started immediately after the oral instruc-
tion of the experimenter. Time was measured by means of a
stopwatch. If a mistake was made, the experimenter pointed
this out and the participant had to correct it immediately
(Rodewald et al. 2012; Tischler and Petermann 2010). The
difference scores in processing time between both parts
(TMT [B-A]=processing time [TMT-B]—processing time
[TMT-A]) were used as performance measure for cognitive
flexibility in our study (Arbuthnott and Frank 2000; Gio-
vagnoli et al. 1996). Larger difference scores TMT [B-A]
were considered as lower levels of cognitive flexibility in
our study.

Questionnaires
Depression

The Geriatric Depression Scale (GDS; Sheikh and Yesavage
1986) was used as a depression screening tool. It consists
of 15 items in a yes/no-response format. The GDS allows
a classification into three categories: ‘no’ (1-5), ‘mild to



European Journal of Ageing (2021) 18:575-590

579

moderate’ (6—-10), and ‘severe depression’ (11-15) (Sheikh
and Yesavage 1986; Yesavage et al. 1982).

Perceived stress

The German 10-item version of the Perceived Stress Scale
(PSS; Cohen et al. 1983; Klein et al. 2016) was used as
a measure of perceived stress within the last month. The
items are rated on a five-point scale from which a sum score
is calculated with higher scores indicating higher levels of
perceived stress.

Social burden

Social burden was assessed by means of the subscale ‘Social
Burden’ from the ‘Questionnaire of Social Support’ [Frage-
bogen zur Sozialen Unterstiitzung] (Fydrich et al. 2007).
This scale contains twelve items and measures the extent to
which the person feels criticized, rejected, narrowed down,
and overwhelmed by others (Hessel et al. 1998). The answer
format is a five-point Likert scale (Fydrich et al. 2007). A
mean value is calculated as measure for social burden with
higher values indicating higher levels of perceived social
burden.

Saliva sampling and analysis

Saliva samples were collected by means of salivettes
(Sarstedt, Niimbrecht, Germany). Participants were
instructed to keep the salivette in their mouth for at least
one minute and to move it back and forth, but not to chew
on it. Participants were provided with eight salivettes and
were instructed to collect four on each of two consecutive
days within seven days after the cognitive assessment. The
following time points were scheduled: immediately after
awakening, before lunch, in the afternoon/before dinner, and
at bedtime. Participants were instructed not to eat, drink,
or brush their teeth at least 30 min before saliva collec-
tion saliva samples were stored in the participants fridge or
freezer for approximately 1-2 weeks until they were given
back to the experimenters and stored at -30 °C. For analy-
sis, salivettes were thawed at room temperature and were
centrifuged at 2000 g and 20 °C for ten minutes immedi-
ately before analysis. Salivary cortisol concentrations were
determined in duplicate using enzyme-linked immunosorb-
ent assays (ELISA, IBL, Hamburg, Germany). Intra- and
inter-assay coefficients of variation were below 10%. The
total diurnal cortisol output, which was calculated as area
under the curve with respect to ground (AUCg; Pruessner,
Kirschbaum, Meinlschmid, and Hellhammer 2003) as well
as the diurnal slope, was used as markers for diurnal cortisol
profiles. The AUCg can be used as a measure of total diur-
nal cortisol output, and the diurnal slope can be used as a

marker for diurnal cortisol changes. Mean values from both
days were calculated and used for further statistical analysis.

General procedure

Participants were recruited by means of e-mails, flyers, and
posters including information about the study. Furthermore,
our study was advertised personally in a local senior leisure
program. The aim of this program called “Seniorennetz,”
which is offered by the ‘Bavarian Red Cross’ (Erlangen,
Germany), is to provide older people access to the "digital
world". The members attend age-appropriate courses, which
are led by volunteer tutors. Additionally, meetings in groups
of interests and one-to-one discussions about anything
related to computers, tablets, and smartphones are offered.
We recruited most of our participants this way. However,
because of time restrictions, we were not able to only focus
on this target group and also included other people who take
not part in this program.

Our study was carried out between May and August
2019. At the day of cognitive testing, the participant and one
experimenter (AP or SK) met in a quiet room, usually in the
laboratory of the Chair for Health Psychology in Erlangen
between 10 a.m. and 5 p.m. First, the declaration of consent
was signed by the participants on that day. Subsequently, the
experimenter gave instructions about the saliva collection
procedure which the participants should do by themselves
at their homes within the following week. After the intro-
duction to saliva collection, the cognitive testing and the
questionnaire assessment started. This included the Stroop
test and the TMT (Reitan 1992) as well as the PSS (Cohen
et al. 1983), the social burden subscale (Fydrich et al. 1999,
2007), the MMSE (Folstein et al. 1975), and the GDS
(Yesavage et al. 1982). The order of cognitive testing was
randomized between the participants. Finally, an appoint-
ment for the return of the saliva samples was scheduled. The
whole session lasted between 90 min and two hours.

Statistical data analysis

For statistical analyses, IBM SPSS Statistics (version 26)
was used. Normality of distribution was tested by means of
the Kolmogorov—Smirnov test. Because of positive skew-
ness and violation of normality, cortisol-AUCg’s, differ-
ence score in the TMT and perceived social burden were
transformed by means of the natural logarithm (In) prior to
further statistical analysis. Furthermore, PSS scores were
transformed by means of the square root-transformation
to achieve a normal distribution. Partial correlations were
used for testing the first, second, and third hypotheses. Sex,
BMI, and relationship status were included as covariates
in the partial correlations as well as in all further statistical
analyses. For the mediation and moderation analyses, the
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SPSS macro PROCESS (Hayes 2013; Hayes and Rockwood
2017) was used. For mediation analyses (hypothesis 4), the
PROCESS model no. 4 was tested (Y: dependent variable, X:
independent variable, M: mediator variable). The mediation
analysis includes three steps: first, evaluating the direct path
(i.e., investigating whether there is a total effect between X
and Y without a mediator), second, evaluating the indirect
paths (between X and M and between M and Y, respectively),
and third, investigating whether the direct effect disappears
when including the indirect path (X—M-Y) into the model.
For the moderated mediation analysis (hypothesis 5), the
PROCESS model no. 7 was tested (Y: dependent variable,
X: independent variable, W: moderator variable, M: media-
tor variable). 10,000 bootstrap samples were used for both
models. The data set that has been used for statistical analy-
sis is provided as supplementary material S1. To correct
for multiple comparisons, a Bonferroni-adjusted a-level of
®ydjusted = 0-05/7=0.0071 was used for analyses, because
seven variables (age, TMT performance, Stroop perfor-
mance, PSS scores, social burden, cortisol-AUCg, and cor-
tisol slope) were compared (Sinclair et al. 2013). However,
because making decisions based on (non-) significance only
has been increasingly criticized and because it has become
more and more common to interpret effect sizes instead of
p-values (e.g., Hubbard and Lindsay 2008), we still report
results which fulfill the criterion p . reced < 0-05, but inter-
pret them with caution. We considered correlation coeffi-
cients r between 0.1 and 0.2 as small effects, between 0.2
and 0.3 as medium effects, and > 0.3 as large effects (Gignac
and Szodorai 2016).

Results
Sample characteristics

The final sample consisted of N=83 participants (38
male, mean age=74.0+5.7 years, body-mass-index
(BMI)=25.5+4.1 kg/m?). All participants were retired and
in most cases without any part-time job. The mean score in
the MMSE (Folstein et al. 1975) was 28.5+ 1.2, and there-
fore, participants were classified as cognitively healthy. Fur-
thermore, the GDS scores (Sheikh and Yesavage 1986) did
not show clinically relevant values (1.4 & 1.7). The intake of
the following medication was reported: N=29 thyroid medi-
cation, N=18 beta-blocker, and N=3 hormonal drugs. None
of the variables that were investigated in this study (age,
Stroop performance, TMT performance, PSS scores, social
burden, cortisol-AUCg, and cortisol slope) differed between
participants who took any of these medications and partici-
pants who did not report medication intake (all p>0.332).
Therefore, medication was not included as covariate into the
further statistical analyses.
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Mean cortisol profiles of all participants are shown in
Fig. 3a and are summarized in Table 1. Mean cortisol-
AUCgs were 59.7 + 18.4 nmol*h/l, and mean diurnal slopes
were —0.5 +0.2 nmol/I/h (both averaged over two consecu-
tive days). The individual wake-up time (i.e., the time point
of the first sample) ranged between 5:30 am and 9:00 a.m.
and the individual bedtime (i.e., time point of the last sam-
ple) between 9:00 p.m. and midnight. Mean processing
times in the TMT as measure for cognitive flexibility were
42.2+16.5 s in Part A and 105.3+51.2 s in Part B. Mean
difference scores in the TMT were 63.1+39.6 s. The latter
are higher than mean values that have been reported in a val-
idation study by Rodewald et al. 2012, who reported mean
processing times of 40.2+11.9 s for Part A and 76.0+23.6 s
for Part B. However, the participants in our study were up
to 87 years old and the age limit in the study by Rodewald
et al. 2012 was 84 years.

Mean processing times in the Stroop task as measure for
inhibition were 13.4 +3.2 s in the congruent and 22.4+5.9 s
in the incongruent condition. Mean Stroop interference
scores were 9.1 +5.1 s. Because an in-house-developed
Stroop task was used, no reference data are available. Mean
Stroop interference scores were significantly higher in men
than in women (f56 6)=-2.35; p=0.023; women: 8.0+3.2 s;
men: 10.4+5.5). However, this association did not remain
significant after adjusting the a-level for multiple compari-
sons (X, gjused = 0-0071). No further sex differences were
found for any of the other variables (all p>0.121).

Overall, participants showed relatively low levels of per-
ceived stress (11.7 +5.2) and social burden (1.7 +0.6). Fifty-
nine (71.1%) of the participants reported having an intimate
partnership and the others (N =24, 28.9%) reported being
single. Most (N=56, 67.5%) were living together with the
partner or their family, N=26 (31.3%) were living alone, and
one (1.2%) was living in a rest home.

Correlational analyses (hypotheses 1-3)

Partial correlations in which sex, BMI, and relationship
status were included as covariates, yielded the following
results: age was positively correlated with the Stroop and
TMT scores, indicating that older participants showed lower
performance in the Stroop task as measure for inhibition
as well as in the TMT as measure for cognitive flexibility
(Stroop: 775)=0.24, p=0.038; TMT: r(75,=0.23, p=0.043;
Fig. 3b and c), which is in line with our first hypothesis
(H1). However, this association did not remain signifi-
cant after adjusting the a-level for multiple comparisons
(0ygjustea =0-0071).

Our second hypothesis (H2) was confirmed: social bur-
den was positively related with perceived stress (r(7g,=0.38,
p <0.001; Fig. 3d). However, this was found for the cortisol
indices (AUCg and cortisol slope; p >0.732).
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Fig.3 a Mean diurnal cortisol
profiles, which were averaged
over two consecutive days, b-h
(marginally) significant correla-
tions between age, cognitive
performance in the Stroop task
(as measure for inhibition) or
Trail-Making Test (TMT; as
measure for cognitive flex-
ibility), perceived stress (PSS),
social burden, and cortisol-area
under the curve with respect

to ground (AUCg). Note that
transformed values of the
AUCg, PSS, and social burden
scale were used for statistical
analysis
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Table 1 Mean cortisol levels (averaged over two consecutive days),
performance in the Stroop task as measure for inhibition, perfor-
mance in the Trail-Making Test (TMT) as measure for cognitive flex-
ibility, as well as perceived stress and social burden scores

Our third hypothesis (H3) that participants who per-
ceived more stress or show higher cortisol-AUCgs and flat-
ter cortisol slopes will show lower cognitive performance
in the domains cognitive flexibility (which was assessed

Mean Standard by means of the TMT) and inhibition (which was assessed
deviation .
by means of a Stroop task) was confirmed for the associa-
Cortisol t, (nmol/1) 9.2 32 tion between TMT and perceived stress (PSS and TMT:
Cortisol t; (nmol/1) 3.8 1.8 ri78y=0.44, p<0.001; Fig. 3e). No associations were found
Cortisol t, (nmol/1) 2.0 1.0 for the Stroop task and, thus, not for inhibition (p >0.351).
Cortisol t;(nmol/1) 1.4 0.9 Furthermore, no associations between any of the cortisol
Cortisol-AUCg (nmol*h/1) 59.7 18.4 indices and any of the EF domains (cognitive flexibility or
Cortisol slope (nmol/l/h) -0.5 0.2 inhibition) were found.
Stroop congruent (s) 13.4 3.2 Further correlation analyses, for which we had no specific
Stroop incongruent (s) 22.4 5.9 hypotheses, showed that social burden was positively associ-
Stroop interference (s) 9.1 4.5 ated with performance in the TMT (r(78) =0.24, p=0.031;
TMT-A (s) 422 16.5 Fig. 3f). However, this association did not remain significant
TMT-B (s) 105.3 51.2 when using the adjusted a-level o, gy, =0.0071. Moreover,
TMT-B-TMT-A (s) 63.1 39.6 both cortisol indices (AUCg and cortisol slope) and, thus,
Perceived stress scale 11.7 5.2 both measures for diurnal cortisol secretion were associ-
Social burden score 1.7 0.6 ated with age: Older participants showed lower cortisol-
AUCgs (r(75)=0.38, p<0.001; Fig. 3h) and diurnal corti-
sol slopes were negatively associated with cortisol-AUCgs
(r75y=-0.49, p <0.001).
Table 2 Partial correlations 5 3 4 5 6 7
(controlled for sex, body-
mass index, and relationship 1. Age r 23° 23° 15 01 —30%% .19
;Z"rt;‘osr)n'f:;‘::jl‘; ff:ési‘r‘:’g) ) p 038 043 180 904 007 100
inhibition, performance in the 2. Stroop r 1 17 07 —12 20 04
Trail-Making Test as measure 4 124 .564 351 .080 745
for cognitive flexibility, 3. TMT r 1 Qg 24° 05 05
perceived stress, and the two P <001 .031 637 639
cortisol indices. Significant
correlations (p < .05) are 4. PSS r 1 3 07 1
highlighted in bold P <.001 .565 .330
5. Social burden r 1 .02 —.04
p 892 732
6. Cortisol-AUCg r 1 —.49Hk*
p <.001
7. Cortisol slope r 1
p
°p <.05 (not adjusted a-level)
TMT Trail-Making Test, PSS Perceived Stress Scale, AUCg area under the curve with respect to ground
**p <.007 (adjusted a-level), ***p <.001
(a) (b)

sign.

Age —_—
sign.

sign.

Fig.4 Significant (sign.) and non-significant (n.s.) paths in the mediation models for testing hypothesis 4
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Table 3 Regre.ssion coefficients R2 B/Effect (M)SE it » CI

for the mediation model that

tested the associations between Step 1

age as independent variable, In(cortisol-AUCg) 0.10 0.09 2.05 095

performance in the Stroop task s

(as measure for inhibition) as (Constant) 491 0.45 10.84 <.001 [4.01, 5.82]

dependent variable, and the Age -0.02 0.01 -2.76 L007%* [—0.03, —0.005]

cortisol-AUCg as mediator BMI 0.01 0.01 0.88 380 [-0.01, 0.23]

(H4). Significant associations (p _

< .05) are highlighted in bold Sex . ' 0.08 0.07 1.08 .283 [-0.07, 0.23]
Relationship status 0.04 0.08 0.44 .659 [-0.12, 0.20]
Step 2
Stroop interference 0.21 17.29 4.06 003%*
(Constant) —29.95 10.11 -2.96 004+ [—50.09, —9.81]
Age 0.25 0.09 2.88 005 [0.08, 0.43]
In(cortisol-AUCg) 4.20 1.60 2.63 .010° [1.02, 7.38]
BMI 0.09 0.11 0.78 436 [-0.14, 0.32]
Sex 1.47 1.05 1.40 .165 [-0.61, 3.55]
Relationship status -0.83 1.14 -0.72 469 [—3.09, 1.44]
Step 3:
Direct effect 0.18 0.09 2.11 .038° [0.01, 0.36]
Direct effect (indirect 0.25 0.09 2.88 L005%* [0.07, 0.43]

paths included)
Indirect effect -0.07 0.04 [—0.2, )
—0.005]%'8"

°p <.05 (not adjusted a-level)

sign. Significant, AUCg area under the curve with respect to ground, /n natural logarithm, BMI body-mass-

index

#%p < 007 (adjusted a-level), **%p <001

The whole correlation matrix is provided in Table 2.

Stress as a mediator of cognitive aging with respect
to the domains inhibition and cognitive flexibility
(hypothesis 4)

To test our fourth hypothesis that stress (perceived stress or
cortisol measures) mediates the association between age and
EF, separate mediation analyses were calculated, for both EF
domains inhibition and cognitive flexibility.

Inhibition

For inhibition, which was assessed by means of a Stroop
task, the mediation model was confirmed when includ-
ing the cortisol-AUCg as mediator variable (Fig. 4a and
Table 3): The direct path between age and Stroop perfor-
mance (p=0.038), the paths between age and cortisol-AUCg
(p=0.0073), as well as between the cortisol-AUCg and
Stroop performance (p =0.010), were significant. However,
this association did not pass the correction for multiple com-
parisons (t,gjygeq = 0-0071). Furthermore, the whole indirect
pathway (age—cortisol-AUCg—Stroop) was significant (CI
[-0.15, -0.01]). This means that the association between age

and Stroop performance (i.e., lower performance in older
age) is associated with higher cortisol levels in the older
participants. However, when including the diurnal cortisol
slope or perceived stress into the model, no relevant signifi-
cant associations were found.

Cognitive flexibility

For cognitive flexibility, which was assessed by means of
the TMT, the following significant associations were found
for the cortisol-AUCg (Fig. 4b and Table 4): The direct
path between age and TMT performance (p =0.043) and
the indirect path between age and the cortisol-AUCg reached
significance (p=0.007). Note that the association between
age and TMT performance did not pass the correction for
multiple comparisons. The path between the cortisol-AUCg
and the TMT-performance as well as the whole indirect
path (age—cortisol-AUCg—TMT) were not significant (CI
[-0.01, 0.003]). Therefore, the hypothesis that the diurnal
cortisol output is a mediator for cognitive aging (i.e., cogni-
tive flexibility, assessed by means of the TMT) was not con-
firmed. For the diurnal cortisol slope, no relevant significant
associations were found as well.
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Table 4 Regression coefficients
for the mediation model

that tested the associations
between age as independent
variable, performance in the
TMT (as measure for cognitive
flexibility) as dependent
variable, and the cortisol-AUCg
as mediator (H4. Significant
associations (p < .05) are
highlighted in bold )

(a)

R? BJ/Effect (M)SE F/t p CI
Step 1
In(cortisol-AUCg) 0.10 0.09 2.50 .095
(Constant) 491 0.45 10.84 <.0071%%* [4.01, 5.82]
Age -0.02 0.01 -2.76 007** [—0.03,
—0.005]
BMI 0.01 0.01 0.88 .380 [-0.01, 0.02]
Sex 0.80 0.07 1.08 283 [-0.07, 0.23]
Relationship status 0.36 0.08 0.44 .659 [-0.12. 0.20]
Step 2
TMT score 0.11 0.32 1.93 .099
(Constant) 1.06 1.38 0.76 447 [-1.70, 3.82]
Age 0.03 0.01 2.31 .024° [0.004, 0.05]
In(cortisol-AUCg) 0.25 0.22 1.15 252 [-0.18, 0.69]
BMI 0.00 0.02 0.20 .844 [—0.03, 0.03]
Sex 0.05 0.14 0.35 125 [-0.23, 0.34]
Relationship status -0.24 0.16 —-1.53 130 [-0.55. 0.07]
Step 3
Direct effect 0.03 0.01 2.05 .044° [0.001, 0.047]
Direct effect (indirect paths 0.03 0.01 2.31 .024° [0.004, 0.022]
included)
Indirect effect 0.00 0.00 [—0.01. 0.003]

°p <.05 (not adjusted a-level)

TMT Trail-Making Test, AUCg area under the curve with respect to ground, /n natural logarithm, BMI

body-mass index

*%p <.007 (adjusted a-level), ***p <.001

In(social
burden)
= 44 e 0.11
< $ 046
= N 0.85
<}
£
&
=)
o
=]
<
°
2
€
o
Qe
£
3.8
65 70 75 80
Age (years)

Fig.5 a Moderated mediation model between age, Stroop performance, cortisol-AUCg, and social burden, and b three-way interaction

age*cortisol-AUCg*social burden

Social burden as a moderator of the mediation
of stress on cognitive aging with respect
to the domains inhibition and cognitive flexibility

(hypothesis 5).

The aim of our fifth hypothesis was to test whether
social burden is an additional stressor that moderates the

@ Springer

association between age, EF, and stress that has been inves-
tigated in H4. However, because of the small sample size the
following findings should be treated with caution and should
be considered as preliminary.

Because the mediation models H4 were significant for
the cortisol-AUCg only, the model was only tested for
this variable and not for perceived stress. For inhibition,
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T the moderated mediation K BiEflect GMSE Pt b a
model that tested the Step 1
associations between age as In(cortisol-AUCg) 0.13 0.09 1.85 101
independent variable, cognitive
flexibility as dependent variable, (Constant) 3.95 0.73 5.40 <.001%**  [2.50,5.41]
the cortisol-AUCg as mediator, Age 0.002 0.01 -0.22 .825 [—0.02, 0.02]
and social burden as moderator In(social burden)® 2.11 1.26 1.67 099 [-0.41, 4.6]
(f%)s)S;fe“iﬁ;ﬁﬁii?fﬁtiﬁi P Age*In(social burden) 003 002  —1.66 101 [-0.06, 0.01]
BMI 0.01 0.01 0.67 .505 [-0.01, 0.02]
Sex 0.05 0.08 0.65 518 [-0.10, 0.20]
Relationship status 0.02 0.08 0.26 797 [—0.14, 0.18]
Step 2
Stroop interference 0.21 17.29 4.06 L003%*
(Constant) —29.95 10.11 -2.96 .004%* [—50.09, —9.81]
Age 0.25 0.09 2.88 005%* [0.08, 0.43]
In(cortisol-AUCg) 4.20 1.60 2.63 .010° [1.02, 7.38]
BMI 0.09 0.11 0.78 436 [-0.14,0.31]
Sex 1.47 1.05 1.40 .165 [-0.61, 3.55]
Relationship status -0.83 1.14 -0.73 469 [—3.09, 1.44]
Step 3
Direct effect 0.25 0.09 2.88 .005%* [0.08, 0.43]
Indirect effect In(social
burden)
0.11 —0.02 0.04 [-0,11, 0.06]
0.46 —0.06 0.04 [-0,14, )
—0.003]°'s"
0.85 -0.11 0.05 [—0,22, —0,01]%e"

°p <.05 (not adjusted a-level)

sign. Significant, AUCg area under the curve with respect to ground, /n natural logarithm, BMI body-mass

index

**p <.007 (adjusted a-level), ***p <.001

the following significant associations were found (Fig. Sa,
Table 5): Stroop interference as measure for inhibition was
associated with the cortisol-AUCg (p=0.01) as well as with
age even when the indirect path was included in the model
(p=0.005) as well as. The cortisol-AUCg was only margin-
ally significantly associated with social burden (p =0.099).
However, this p-value is much higher than our adjusted
a-level (0gjusieq =0-0071). The indirect path (age—corti-
sol-AUCg—Stroop) was significant for participants with
high and medium levels of social burden only (CI [-0.22,
—0.01] for In(social burden=0.85 and CI [-0.14, 0.0.003]
for In(social burden) =0.46), but not for participants with
low levels of social burden (CI [—0.11, 0.06] for In(social
burden=0.11; Fig. 5b). This three-way interaction reflects
that social burden was particularly relevant in the younger
participants and that only high and medium levels of per-
ceived social burden interacted with age and the cortisol-
AUCg. When using the same model, no relevant significant
associations were found for the TMT scores as measure for
cognitive flexibility.

Discussion

In this study, we investigated the role of social burden as a
potential additional stressor in older age and its associations
with cognitive aging (i.e., with associations between age and
cognitive flexibility and inhibition as parts of EF). Perceived
stress was considered as psychological stress measure, and
diurnal cortisol profiles were considered. Our main findings
were that social burden was highly correlated with perceived
stress and that the total diurnal cortisol output was a media-
tor for the relationship between age and inhibition (which
was assessed by means of a Stroop task). Furthermore, social
burden interacted with the association between age and the
cortisol-AUCg in the latter model, in the way that especially
in younger older age, high and medium levels of social bur-
den are associated with higher cortisol levels and, thus, with
lower cognitive performance.

Older participants showed lower EF (i.e., lower cogni-
tive flexibility and inhibition) with medium effect sizes
(r>0.2), and thus, our first hypothesis H1 was confirmed.
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However, this association did not pass the correction for
multiple comparisons. Nevertheless, the direction is in line
with our hypothesis and a large number of previous studies
(e.g., MacPherson et al. 2002) and (in principle, although
not statistically significant after correction for multiple com-
parisons) contradicts the not so widespread assumption that
EF—in contrast with memory—does not or only in some
specific tests decrease in older age (e.g., Crawford et al.
2000).

Furthermore, we were able to show that social burden was
highly correlated (p <0.001 and strong effect size r>0.3)
with perceived stress in general, highlighting its importance
as a stressor which has been reported previously (Cranford
2004) and supporting our second hypothesis H2. However,
social burden was not directly associated with any of the
diurnal cortisol indices in our study. Moreover, social burden
was directly associated with cognitive flexibility, which was
assessed by means of the TMT, indicating that participants
who reported more perceived social burden showed lower
cognitive flexibility. However, this association did not pass
the correction for multiple comparisons but had a medium
effect size (r>0.2).

Moreover, we found that participants who reported higher
levels of perceived stress showed lower performance in the
TMT (as measure for cognitive flexibility), which is in favor
of our hypothesis H4. This finding fits well into previous
research that also found lower cognitive performances for
older adults with higher levels of perceived stress (e.g.,
Aggarwal et al. 2014; Chen, Wang et al. 2018; Korten et al.
2017; Turner et al. 2017). However, this was not found for
the Stroop task as measure for inhibition in our study.

Furthermore, we found that the total diurnal cortisol
output was a mediator for the association between age and
inhibition, confirming the in our hypothesis H4 postulated
association between cortisol levels and cognition in older
age. This is in line with previous findings from several cross-
sectional and longitudinal studies in which higher HPA-axis
activity was associated with poorer cognitive performance
in healthy as well as in cognitively impaired older adults
(e.g., Arsenault-Lapierre et al. 2010; Evans et al. 2011; Li
et al. 2006). Furthermore, links between higher subjective
stress and poorer cognitive performance have been reported
previously (e.g., Johansson et al. 2010; Liston et al. 2009;
Wild-Wall et al. 2009). At last, we found that the mediat-
ing role of cortisol interacts with social burden in the way
that especially in younger older age, high levels of social
burden are associated with higher cortisol levels and, there-
fore, with lower cognitive performance, which is in favor
of our H5. However, it should not be left unmentioned that
other directions of the associations between age, stress, and
cognition are conceivable. For example, with respect to the
human capital hypothesis (Mirowsky and Ross 1998) and
findings on associations between cognitive processes and
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coping flexibility (Cheng and Cheung 2005), an alternative
explanation might that people with better cognitive flex-
ibility are more capable to available resources and adaptive
coping strategies under stress.

An important finding of our study is that the physiologi-
cal measures were associated with inhibition, but not with
cognitive flexibility, and vice versa with respect to subjective
stress (i.e., that an association with cognitive flexibility, but
not with inhibition was found for perceived stress). Differ-
ences between subjective stress measures and physiological
stress markers have been reported previously (Goldman et al.
2005; Oldehinkel et al. 2011), but the underlying mecha-
nisms are not yet fully understood. Our findings highlight the
importance of including both subjective and physiological
measures in research on the associations between stress and
cognitive aging.

Overall, we were able to show the importance of consid-
ering social burden as an additional stressor, which fosters
age-related stress processes that are associated with cogni-
tive decline. This can be contrasted well with the approaches
that can be found in resource-oriented support research, in
which, for example, social support (e.g., by friends and
family members) is considered as a resource or as a protec-
tive factor (Kessler, Price, & Wortman 1985; Lepore et al.
1991). The burden-oriented approach that our study relies
on, has been coming more and more in the research focus in
recent years. Associations between higher levels of negative
aspects of social ties and basal cortisol levels and other phys-
iological markers and mortality have been found in previous
studies in older and breast cancer samples (Friedman et al.
2012; Kroenke et al. 2012; Seeman et al. 2002). Further-
more, it has been suggested that negative aspects of social
experiences can have a greater impact on health than the
positive ones (Rook 1984). In contrast, other authors have
shown that the number of supportive relationships was a
stronger predictor of psychological distress than the number
of negative ones (Uchino et al. 2004). Laireiter et al. 2007
point out that “The extent to which positive expressions [of
certain]... variables... are able to buffer negative support
can be assumed on the basis of the results of stress research
(Perrez et al. 2005), but has not been empirically researched
any more than the question of whether this can also be pro-
vided by positive support”’ [Inwieweit positive Ausprdgungen
[bestimmter] ... Variablen ... in der Lage sind, Negativunter-
stiitzung abzupuffern, kann auf Grund der Ergebnisse der
Stressforschung zwar angenommen werden (Perrez et al.
2005), ist aber empirisch genauso wenig erforscht, wie die
Frage, ob dies auch positive Unterstiitzung vermag] (Laire-
iter et al. 2007, p. 47)]. Therefore, both the negative and the
positive aspects of social relationships and their interactions
should be considered in future research and the negative
aspects should not be neglected.
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Our study is subject to some further limitations which
are especially related to our definition of social burden as
the negative aspects of social support as well as the cor-
responding feelings of rejection, narrowing, criticism, and
overwhelming obstacles, as well as the negative aspects of
social interactions (Fydrich et al. 1999, 2007). Some other
attempts to conceptualize and operationalize social burden
have been suggested (e.g., Brooks and Dunkel-Schetter,
2011; Laireiter et al. 2007). For example, Laireiter et al.
2007 describe social burden as social undermining, social
negativity, and stressful, negative or inadequate support.
However, Brooks & Dunkel-Schetter, 201 1point out that
in addition to differences in terminology, terms such as
social undermining, negative social interactions, or prob-
lematic social ties refer to a similar phenomenon that can
be summarized as social negativity as a multi-dimensional
construct. Therefore, all these mentioned further aspects of
social negativity should be considered in future research.
Another limitation of our study is that because of the cross-
sectional design, no causal conclusions can be drawn. Fur-
thermore, the representativity of the sample appears to be
limited because all participants were cognitively healthy, had
high educational levels, and showed no signs of dementia or
other forms of cognitive decline. Furthermore, most of our
participants were integrated in regular social activities and
most of them participated in a German leisure program and
were in an intimate relationship. Especially the participa-
tion in the regional leisure time program makes it difficult
to adequately consider important confounders. Both factors
(the leisure time program and the social relationships) might
have been a social resource and might be the reason why
only low to medium levels of social burden and perceived
stress were reported by our participants. However, even in
this sample we found that social burden is associated with
perceived stress and indirectly with cognitive aging, which
highlights the importance of our findings. Nevertheless,
other samples with higher levels of social burden and par-
ticipants who are not engaged in social activities and who
do not in most cases live in an intimate partnership should
be investigated in future research. Moreover, the number of
participants was 83 only, and therefore, statistical power for
the complex model in hypothesis H5 was low. Therefore,
the (non-) findings from testing H5 should be treated with
caution and should be considered as preliminary findings,
which must be verified in future research with larger sample
sizes. Furthermore, the small sample size might be the rea-
son that some of the associations that were found and that
had at least a medium effect size did not remain significant
after correcting for multiple comparisons. Nevertheless, with
respect to the extensive methods and great effort, the number
is relatively large in relation to comparable studies.

Furthermore, we used a stopwatch for measurement of
the processing times during the cognitive testing. Although

it has to be kept in mind that this adds the individual reaction
time of the experimenter to the measured time, it has been
shown that the intrasession reliability is high for stopwatch
usage (Bohannon 1995). Because we used difference scores
(between part B and part A of the TMT and between the
incongruent and the congruent condition of the Stroop task),
it is unlikely that our results with respect to the cognitive
performance measures were strongly influenced by the time
measurement procedure.

In particular, with respect to practical implications of
our study, due to the demographic change, as well as the
associated supply and refinancing problems, focusing on our
research question seems to be important (Esch 2002; World
Health Organization 2015). The findings of our study, which
highlight the associations between stress and cognition in
older age, as well as previous findings related to stress-
associated health outcomes (e.g., Sapolsky 2004), suggest
the necessity to develop stress-reducing interventions for
this age group. As one alternative, relaxation trainings or
strengthening of health behaviors have been suggested (e.g.,
Reif et al. 2018; Renner and Staudinger 2008). Moreover,
EF should be directly targeted, e.g., through cognitive train-
ings. Beside a gain for those affected, a possible side effect
of introducing such interventions specifically targeted to
older populations could be a long-term cost reduction for
the health-care system (Esch 2002).

In future research, our study should be replicated in a
larger, non-regional sample that is exposed to a higher num-
ber of or higher intensities of social burden and that is less
engaged in social activities and social relationships. Further-
more, no individual attitudes, motives, or potentially protec-
tive factors that are associated with positive social relation-
ships as mediators of the stress measures were included in
this work, which, however, have been considered as impor-
tant factors in previous studies (Blaney 2013; Reimann and
Pohl 2006; Sapolsky 2004). The inclusion of the personality
traits and temperament, which also appear to be significant
resources, should be considered in future research. Further-
more, longitudinal designs should be used to investigate the
time course of the findings and whether they are permanent
or temporary. Moreover, participants with cognitive impair-
ments should be considered in future research.

Conclusions

To summarize, we were able to show that social burden is
a highly relevant additional stressor in older age. Further-
more, we found that social burden interacts with the diurnal
cortisol output, which mediates cognitive aging. Our find-
ings highlight the importance of considering social burden
in the study of cognitive functioning in older adults. We
conclude that both practitioners and researchers in the field
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of cognitive aging should also focus on the negative aspects
of social relationships (in the sense of a burden-oriented
approach) and not only on the positive ones.
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