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ABSTRACT

Introduction: The literature has demonstrated how the relationship between cognitive or emotional intelligence
and age exhibits an inverted-U-shape and that this decline can be mitigated by an individual’s cognitive reserve
(CR). Rather less is known, however, about the pattern of changes in cognitive empathy or the ability to
recognize the thoughts or feelings of others.

Objectives: The aim of the present study was firstly to analyze the effect of age, gender, and CR (measured
through educational level), on the capacity to show cognitive empathy. Secondly, we aimed to evaluate what
type of relationship—Ilinear or quadratic—exists between age and cognitive empathy. We finally aimed to
analyze the moderator role of educational level on the relationship between age and cognitive empathy.

Participants: Totally, 902 Spanish adults aged between 18 and 79 years (M =43.53, SD =11.86; 57% women).

Measurements: Participants were asked to indicate their educational level (primary, high school, or college
education) and their cognitive empathy was assessed using the Eyes test.

Results: Women scored higher than men on cognitive empathy. Participants with a college education had higher
scores on cognitive empathy than those with a lower educational level. Additionally, the relationship between
age and cognitive empathy fit an inverted-U-shaped curve, consistent with the data found for cognitive and
emotional intelligence. Finally, the age-related decrease in cognitive empathy appeared to be mitigated by a
higher educational level, but only in those individuals aged 35 years and above. Limitations and clinical
implications are discussed.
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Introduction

It is well known that, even in individuals who show
healthy aging, cognitive and emotional abilities such
as executive functions and emotional intelligence
are negatively affected by age, showing an inverse-
U-shaped pattern (Bisiacchi er al., 2008; Cabello
et al., 2016). The decline in these abilities is related
to the cognitive reserve (CR) concept (Chapko ez al.,
2018). CR is a multifaceted construct that refers to
the cognitive differences between individuals of the
same age that help to fight against brain damage or
normal cognitive decline. This concept is used to
explain the gap observed between the degree to
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which a brain is damaged and the visible conse-
quences of such damage. CR relies on both passive
and active components (Stern, 2009), with the for-
mer being related to brain characteristics while the
latter refers to the use of cognitive abilities that
compensate for the aging process. Given the multi-
faceted characteristic of the CR concept, it is not
easy to find adequate measures for its operationali-
zation. In order to fully capture its components,
brain and cognitive measures have been employed.
Although the inclusion of brain measures is recom-
mended (Jones er al.,, 2011), cognitive measures
have been more thoroughly and frequently used.
These include educational level or intelligence,
among others (Valenzuela and Sachdev, 2006). Pre-
vious studies have shown that this active component
of the CR, measured through educational level,
is a protective factor for cognitive decline (Cabello
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et al., 2014; Chapko et al., 2018; Mohammad e al.,
2020; Neuropathology Group MRC CFAS, 2001;
Radanovic, 2020; Ritchie and Tucker-Drob, 2018).
For instance, Cabello ez al. (2014) found no differ-
ences in emotional intelligence (measured through a
performance-based test) between older and younger
adults with a university education, while for adults
with a primary or secondary education, higher scores
were obtained by the younger participants in com-
parison with the older adults.

Another variable that integrates emotional and
cognitive processes and is also sensitive to age is the
Theory of Mind (ToM). ToM allows individuals to
attribute mental states to others in order to predict
their behaviors and act accordingly (Baron-Cohen
and Chakrabart, 2013). This ability can be divided
into the components of cognitive and emotional
empathy. While cognitive empathy refers to the
ability to recognize the thoughts or feeling of others,
emotional empathy is the drive to appropriately
respond to this mental state. Cognitive empathy
has been shown to be of importance in a variety
of psychological disorders. For instance, deficits in
cognitive empathy appear in schizophrenia (De
Achaval ez al., 2010), autism (Baron-Cohen ez al.,
2015), social anxiety (Machado-de-Sousa er al,
2010), and dementia (Schroeter et al., 2018), among
others.

Given the complexity of the construct, there are
various instruments for measuring cognitive empa-
thy, which focus on its various components. These
are based on either self-report, where individuals
subjectively estimate their own ability, or
performance-based methodologies, where partici-
pants have to objectively solve problems by choosing
between a set of correct and incorrect response
alternatives. A well-validated performance-based
test is the “Reading the mind in the Eyes” test
(Eyes test) (Baron-Cohen et al., 2001; Fernandez-
abascal et al., 2013). This instrument focuses on
evaluating basic and complex mental states by
observing the eyes of others (Megias-Robles ez al.,
2020). Specifically, the participant is required to
choose one of four words that best fits with each
eye image.

Previous studies have shown how cognitive
empathy also varies as a consequence of age, since
older people (usually older than 64 years) obtain
lower scores on cognitive empathy in comparison
with younger people (with age ranges between 17 to
56 years) when using performance tests (Beadle, and
De la Vega, 2019; Fischer ez al., 2017; Henry et al.,
2013; Warrier er al., 2018). Nonetheless, these dif-
ferences may disappear when the older and younger
groups are matched in terms of educational level
(both with a higher education level) or other cogni-
tive variables (Duval er al., 20115 Li er al., 2012),

suggesting that educational level and cognitive abil-
ity may mitigate the effect of brain aging on cognitive
empathy. In addition to the age differences, there is
also evidence of gender differences with woman
scoring higher than men on cognitive empathy
(Warrier et al., 2018). While the previous literature
provides us with a starting point for understanding
the role of educational level as an active component
of the CR in cognitive empathy performance, the
existing studies have a number of limitations. For
instance, discontinuous samples have often been
employed, while there has also been a lack of non-
linear analyses. In order to address this latter limi-
tation, Labouvie-Vief (2009) proposed that the
cognitive empathy and age relationship would
exhibit an inverted-U-shaped curve, which was later
confirmed by O’Brien ez al. (2013) using self-report
instruments. In this latter study, empathy peaked at
around 50-60 years of age.

The present study attempts to overcome these
limitations through three main objectives. Firstly,
we aimed to analyze the effect of age, gender, and
educational level on cognitive empathy using the
Eyes test, that is, a performance-based test. Sec-
ondly, we wanted to ascertain whether the relation-
ship between age and cognitive empathy is linear or
quadratic. Our final objective was to examine the
moderator role of educational level in the relation-
ship between age and cognitive empathy. On the
basis of the findings reported in previous studies, we
proposed the following hypotheses:

H1. Women will score higher than men on the
Eyes test.

H2. Adults with a higher educational level will
score higher on the Eyes test.

H3. Younger and older adults will show lower
scores on the Eyes test than middle-age adults,
resulting in an inverted-U shaped curve when the
scores are plotted as a function of the adult life span.

H4. The age-related decrease on Eyes test scores
will be more pronounced in adults with a lower
educational level.

Method

Participants and procedure

Our sample was composed of 902 Spanish adults
aged between 18 and 79 years (M =43.53, SD=
11.86), of whom 57.6% were women. With respect
to education level, 2.5% of the participants had
completed primary-level studies, 10.8% high
school, and 86.8% reported having completed a
college education. The sample was invited to partic-
ipate in the test through various social networking
and informal advertising channels. None of the
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participants received financial or other compensa-
tion for taking part in the study. They were told that
they would receive feedback regarding their scores.
The study was carried out in accordance with the
Declaration of Helsinki and was approved by the
Research Ethics Committee of the University of
Malaga.

Measures

Participants completed the Spanish adaptation of
the “Reading the Mind in the Eyes” test (Eyes test;
Baron-Cohen et al., 2001; Fernandez-Abascal ez al.,
2013). This test includes 36 photographs of male
and female eyes depicting emotional states. For each
photograph, participants are asked to choose the
emotional state that best describes the eyes, choos-
ing between one of four possible emotions. One
point is assigned for each correct response, giving
a maximum total correct score of 36. In order to
avoid task comprehension problems, the partici-
pants were provided with an example item to prac-
tice with before beginning the task. The Spanish
version of the Eyes test shows adequate psychometric
properties, similar to those obtained for the original
instrument (Fernandez-Abascal ez al., 2013).

Additionally, sociodemographic information
(sex, age, and educational level) was collected using
three self-report questions. Education level referred
to the level of schooling and was categorized into
three groups: primary studies, high school, and
college education.

Statistical analysis

All analyses were carried out using SPSS 24 (IBM,
Chicago, IL, USA). To test for gender and educa-
tional level effects on the Eyes test scores, we con-
ducted a Student’s t test for independent samples
and a one-way ANOVA, respectively. Given the
relatively large sample size, we reported not only
p-values but also Cohen’s d to assess effect sizes
(Cohen, 1992). To identify significant effects of age,
gender, and educational level (controlling for each
of the others) on the Eyes test scores, we created a
hierarchical linear multiple regression model. We
also included a quadratic term for age in order to test
our hypothesis that younger and older adults would
achieve lower scores on the Eyes test when com-
pared with middle-aged adults (inverted-U-shaped
curve). We conducted the regression in a hierarchi-
cal way, first entering gender (Step 1), followed by
both age and age-squared (Step 2), and in the third
step we entered educational level. In the fourth step,
we tested whether there was a significant interaction
between age and educational level and between age-
squared and educational level by including these
interaction terms in the final regression model.
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Furthermore, the Johnson—Neyman technique (Hayes,
2018) was used to calculate the critical value above
which this interaction effect was statistically significant.
Finally, we studied the change in the proportion of
explained variance (R?) and the relative importance of
each variable in the model using squared semi-partial
correlation analysis.

Results

Table 1 displays the descriptive statistics and results
of the Student’s t test and one-way ANOVA. The
mean scores for the Eyes test were significantly
higher for women than for men, with a small effect
size. The one-way ANOVA revealed a significant
main effect of education level for scores on the Eyes
test, with a medium effect size. Post hoc analyses
revealed significant differences between primary stud-
ies and college education (p <.0001), and between
high school and college education (p<.0001),
with college-educated participants obtaining the
highest Eyes test scores. Differences between the
scores of primary and high-school-educated parti-
cipants were not significant (p =.06). These results
are consistent with our Hypothesis H1 and H2.
Supplementary control analysis revealed that the
educational level of men and women was similar
in our sample, with no significant differences
(t=1,51; p>.10). In addition, no significant interac-
tion was found between gender and educational level
for the Eyes test scores (F(2, 886) =.028; p=.97).
The results of the final hierarchical regression
model are reported in Table 2. In the first step,
gender was a significant predictor, indicating that
women showed higher scores than men (F(1, 900) =
11.345; p <.001; adjusted AR?>=.011, Beta=.12).
These findings are in accord with the results for the
Eyes test displayed in Table 1 and support our
Hypothesis H1. In the second step, we entered
the variables age and age-squared, increasing the
variance explained (F(2, 898)=29.032; p<.001;
AR?=.066), with younger people showing higher
scores on the Eyes test than older people. These
results are consistent with our Hypothesis H3
(Figure 1) and indicate that the age at which peak
performance is achieved on the Eyes test is 30.5
years. In the third step, we entered the variable
educational level. Educational level exerted a signif-
icant linear effect, over and above the effects of
gender and age, so that participants with a higher
educational level showed higher scores on the Eyes
test than those with a lower education level
(F(1, 897) = 46.060; p < .001; adjusted AR? =.045,
Beta= .22), in agreement with the results on the
Eyes test shown in Table 1 and providing support for
our Hypothesis H2. In the fourth step, we tested the
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Table 1. Descriptive statistics showing gender- and educational-level differences in scores on the Eyes test

*p-value < .05; **p-value < .01.

Eyes test

interaction between age and educational level, and
between age-squared and educational level by
including these variables in the final model (F(2,
895) =3.256; p <.05; AR?>=.006). Only the inter-
action effect between age and educational level was
significant (Beta=.68, p=.012). In addition, the
Johnson—Neyman technique showed that 34.84
years was the critical value above which this interac-
tion effect was statistically significant (t=1.96,
p<.05, CI [0.00-2.00]). This implies that the
age-related decrease in the Eyes test score is
more pronounced among adults with primary
and high school education (supporting our
Hypothesis H4), but only when they are over 35
years of age (Figure 2).

Zero-order and semi-partial correlations are
shown in Table 2. This analysis revealed that edu-
cational level is the most important predictor of the
Eyes test score.

Discussion

The present study aimed to analyze the pattern of
changes in cognitive empathy across the age span as
a function of CR measured through the participant’s
educational level (primary, high school, or college
education). For this purpose, various statistical anal-
yses were carried out to explore the effect of educa-
tional level, together with gender and age, on
cognitive empathy in a sample covering a large range
of adult ages (18 to 79 years).

Consistent with our Hypothesis H1, preliminary
analyses revealed that the women in our sample
scored higher on the Eyes test than men, although
with a small effect size. This result is also in accord
with previous studies where women appear to show a
greater ability on cognitive empathy (Warrier er al.,
2018). In addition, Hypothesis H2 is also supported,
since participants with a higher educational level
achieved higher scores on the Eyes test than those
with a lower educational level. Specifically, partici-
pants with a college education obtained significantly
higher scores on cognitive empathy than those edu-
cated to primary or high school level, which is
consistent with previous studies that measured other
cognitive variables (Cabello ez al.,, 2014; Chapko
et al., 2018; Mohammad et al., 2020; Neuropathol-
ogy Group MRC CFAS, 2001; Radanovic, 2020;
Ritchie and Tucker-Drob, 2018).

Looking further at the data, the results of our
regression analysis provided support for Hypothesis
H3. This analysis revealed that the relationship
between age and scores on the Eyes test fits an
inverted-U curve pattern and indicates that the
age at which peak performance is achieved is 30.5
years. Our findings are consistent with those of
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Table 2. Regression analysis for Eyes test scores and gender, age, and educational level: final model

EYES TEST (F(6, 895)=21.135; p<.001; ADJUSTED R?>=.128)

B SE BETA ZERO-ORDER SEMI-PARTIAL
Intercept 15.46 1.52
Gender (male = 0) 0.93 0.24 12™ 10" 13"
Age -0.23 0.06 75" -19%* —.13""
Age-squared -0.003 0.001 -.91™ -.21" -.15™
Educational level 1.94 0.29 22" 26" 22"
Educational level x Age 0.07 0.03 68" -.15™ 07"
Educational level X Age-squared —0.004 0.002 —2.90 —.10™" —.06

*p-value < .05; **p-value < .01.
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Figure 1. Estimated age trajectory of scores on the Eyes test, using unstandardized predicted values.

previous studies that have evaluated cognitive empa-
thy with self-report instruments (O’Brien er al.,
2013) and other variables (Bisiacchi er al., 2008;
Cabello er al., 2016). In addition, this analysis re-
vealed that educational level was the best predictor
of cognitive empathy above and beyond the age and
gender variables. In particular, and again consistent
with Hypothesis H2, superior scores on the Eyes test
were found for the participants with a college
education.

Finally—and of particular importance for the
purposes of the present study—the results revealed
a significant interaction between age and educa-
tional level, indicating that the age-related decrease
in cognitive empathy seems to be mitigated in those
individuals with a higher educational level, which is
also in line with the findings of previous studies
using other performance-based tasks and cognitive
measures (Duval et al., 2011; Li et al., 2012) and our
Hypothesis H4. Moreover, these differences appear

to only be significant when participants are aged over
35 years. This result is consistent with the previous
literature showing how the decline of certain cogni-
tive skills and brain regions may begin in the early
30s (Deary et al., 2009; Salthouse, 2009). We sug-
gest that from these ages, when the cognitive decline
begins, educational level could be an active compo-
nent of our CR that buffers the decline in cognitive
empathy.

Therefore, the present study has shed light on the
effect of CR on the capacity to show cognitive
empathy throughout adulthood. These findings
have important clinical implications. In particular,
the data reported here suggest that lower educated
people aged 35 years and above are particularly at
risk of showing age-related decline in cognitive
empathy. Future research and clinical intervention
should thus focus on improving cognitive empathy
abilities in this population, which is particularly
important given the association between this ability
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Figure 2. The interaction effect of age and educational level in Eyes test scores. The critical value (34.84 years) after which this interaction
effect was statistically significant was calculated using the Johnson—Neyman technique.

and mental health (De Achaval er al, 2010;
Machado-de-Sousa et al., 2010).

Our research is not without certain limitations.
Firstly, there is a lack of participants who met the
criteria of primary-level education in early adult-
hood, since participants with a primary level of
education tend to be advanced in age. Nonetheless,
we obtained similar results with our high-school-
educated participants, which diminishes the impor-
tance of this limitation. Secondly, our study evalu-
ated CR only through the education level of the
participants. Following Chapko ez al. (2018) and
Jones er al. (2011), it would also be of interest to
employ neuroimaging techniques to measure CR as
well as other complementary behavioral measures.
Therefore, future research studies should aim to
replicate these results using additional measures.
In a similar vein, future lines of investigation should
aim to evaluate these results with alternative cogni-
tive empathy instruments in order to address the
complexity of this construct (Decety ez al., 2018),
together with the assessment of the emotional empathy
component. Finally, given the cross-sectional nature
of this study, our results might have been impacted by
a cohort effect, which could be avoided in future
research by conducting longitudinal studies.

In conclusion, CR, measured through educa-
tional level, appears to be a protective factor not

only for the decline of cognitive and emotional
intelligence (Cabello er al., 2014; Chapko et al.,
2018; Ritchie and Tucker-Drob, 2018), but also
for the cognitive empathy ability. Our study con-
tributes to the CR literature by showing the educa-
tional level required to prevent an age-related
decrease in cognitive empathy in individuals from
the age of 35 years and sheds light on the existing
relationship between cognitive empathy and age by
showing that it takes the form of a quadratic pattern.
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