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The present study examined the effects of current physical exercise and age on episodic memory and fluid in-
telligence, assessed with a free-recall task and the Culture Fair Intelligence Test (Cattell, 1963) respectively,
while statistically controlling for other cognitive reserve factors (educational level, leisure activities, and vo-
cabulary level). Two hundred and eight participants aged 20 to 85 participated in the study. Physical exercise
level was indexed by weekly frequency over the last 12 months using self-reported measurement (from none to 4

times a week). Overall, results show a beneficial effect of physical exercise especially from a weekly practice of 2
times, and significant interaction between physical exercise and age on episodic memory and fluid intelligence
capacities indicating a reduced effect of age in more physically active participants. These results reinforce the
view that physical exercise is a strong and specific reserve factor that reduces decline in some cognitive functions

during aging.

1. Introduction

Cognitive aging is a heterogeneous phenomenon since many cogni-
tive functions (e.g. episodic memory, fluid intelligence) show a marked
reduction with aging that may begin early, while others (e.g. semantic
memory, implicit memory, vocabulary) are preserved or even tend to
improve with aging (Angel & Isingrini, 2015; Salthouse, 2009). Episodic
memory (EM) and fluid intelligence (FI) are among the functions that
are most impaired by the aging process. Numerous studies have
consistently reported that EM, which involves conscious retrieval of
personal experiences associated with a particular temporal and spatial
context (Ghetti & Bunge, 2012; Tulving, 1972), declines sharply during
aging (for meta-analysis see Old & Naveh-Benjamin, 2008). FI, which
refers to the ability to think logically and solve problems in new situa-
tions independently of acquired knowledge, also undergoes a marked
decline with advancing age (Horn & Cattell, 1966; Isingrini & Vazou,
1997; Salthouse, 1991). One of the main hypotheses of the decline of EM
and FI during aging is based on age-related executive dysfunction (West,
1996). Executive functions consist of a set of control processes, including

planning, inhibition, updating, and switching, that are used to monitor
other cognitive operations (Scarmeas & Stern, 2003), explaining the
age-related decline of EM (Angel et al., 2010; Ardiale & Lemaire, 2012;
Isingrini & Taconnat, 2008) and FI abilities (Barbey et al., 2012; Conway
et al., 2002; De Frias et al., 2006; Isingrini & Vazou, 1997; Jeantin &
Pennequin, 2006; Kyllonen & Christal, 1990; Salthouse & Salthouse,
1992; Salthouse, 1993).

There are also large individual differences in the degree of cognitive
decline with advancing age. These differences across individuals can be
influenced by participant attributes such as age and gender. Evidence on
gender differences in age-related cognitive changes comes from a study
on the structure of the brain, in which more pronounced atrophy with
age in men than women (Gur et al., 1991) was noted, suggesting gender-
related differences in cognitive functioning notably for memory (e.g.
Zelinski et al., 1993) and intelligence capacities (Lindenberger & Baltes,
1997; Meinz & Salthouse, 1998). Interindividual differences can also be
explained by cerebral and cognitive protective mechanisms that may
limit the cognitive decline associated with advancing age (Scarmeas &
Stern, 2003) known under the term of reserve. The proposal of the

Abbreviations: (EM), Episodic memory; (FI), Fluid intelligence; (min), Minute; (s), Second; (Fig), Figure; (WAIS), Wechsler Adult Intelligence Scale; (MMSE), Mini-

Mental State Examination.
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cognitive reserve theory has inspired an amount of empirical work to
refine the cognitive reserve concept and related constructs (Nilsson &
Lovdén, 2018). Two models have been proposed (Stern, 2002, 2009).
The passive model of reserve also called “brain reserve” suggests that the
reserve derives from the structural characteristics of the brain (brain
size, neuronal and synapse count). In contrast, the active model of
reserve refers to the “cognitive reserve” which concerns functional
brain, cognitive and strategic changes in order to cope with deleterious
age effects (Stern, 2002, 2009). Several factors are likely to index
cognitive reserve by reducing the effect of aging on cognition such as
educational attainment (Hatch et al., 2007; Richards & Deary, 2005),
knowledge attainment (Christensen et al., 1997), and lifetime partici-
pation in cognitively stimulating leisure activities (for review see Wang
et al., 2012). Some theoretical models have been proposed in the liter-
ature in order to explain how the effect of these cognitive reserve factors
would be illustrated, in particular the Salthouse model (Salthouse, 2006;
Salthouse et al., 1990). In this model, two hypotheses have been put
forward to explain the protective effect of reserve factors on cognitive
functioning with advancing aging. The first corresponds to a differential
preservation profile, indicating a moderating effect of the reserve
component on the relationship between age and the evaluated perfor-
mance, with reduced age-related cognitive differences in high reserve
participants. By contrast, the second hypothesis corresponds to pre-
served differentiation in which the effect of the reserve factor on EM and
FI capacities would be the same regardless of age, and age-related dif-
ferences would not be modulated by the reserve level. Statistically, the
differential preservation profile is associated with a significant interac-
tion between age and the reserve factor, leading to a larger effect of this
reserve factor with advancing age and the hypothesis of preserved dif-
ferentiation postulates no interaction between age and reserve factor.
Among reserve factors, particularly cognitive reserve factors, physical
exercise has been of particular interest to researchers. An increasing
number of studies suggest that physical exercise could protect against
age-related cognitive decline (for a review see Albinet et al., 2008;
Soggard & Ni, 2018; for a meta-analysis see Colcombe & Kramer, 2003).
Following this theoretical approach, the main objective of the present
study was to further examine whether the current level of physical ex-
ercise has a protective effect against the age-related decline of EM and
FI, over and above other reserve factors. Physical exercise is generally
defined as a planned, structured, and voluntary behavior that increases
energy expenditure in addition to everyday physical activity in order to
improve or maintain physical fitness (Chodzko-Zajko et al., 2009). The
beneficial effect of physical exercise on cognitive functions, including
EM and/or FI has been shown in a number of studies with younger and/
or older adults taking different methodological approaches, including
interventional studies (for EM: Labban & Etnier, 2011; Nanda et al.,
2013; Peig-Chiello et al., 1998; for FI: Elsayed et al., 1980; see for review
Angevaren et al., 2008) and non-interventional studies (Aichberger
et al., 2010; Perrot et al., 2009) using self-report measures (for EM and
FI: Elsayed et al., 1980; Labban & Etnier, 2011) or objective measures
(for EM and FI: Nanda et al., 2013; Peig-Chiello et al., 1998, Perrot et al.,
2009). However, no definitive conclusion can be drawn about the effect
of physical exercise on the cognitive functions of young adults, as some
but not all studies found a significant positive association (see for review
Cox et al., 2016). Numerous cross-sectional studies have also demon-
strated that physical exercise is associated with better cognitive per-
formance, including EM and FI, in older adults (see for review Voelcker-
Rehage & Niemann, 2013). Thus, physically active older adults could
expect that their cognitive performance for EM and FI would be better
than that of their non-active or less active counterparts. However,
Loprinzi and Kane (2015) and Van de Rest et al. (2014) failed to find this
beneficial effect. Overall, studies show that the benefits of physical ex-
ercise for cognition tend to increase with age (Newson & Kemps, 2006;
Stones & Kozma, 1988), leading to increasing advantage in older adults
(Gombart et al., 2018; Salthouse, 2006; Salthouse et al., 1990; Tucker-
Drob et al., 2009), and few or contradictory results in young adults. This
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seems consistent with the differential preservation model (Salthouse,
2006; Salthouse et al., 1990) suggesting a moderation effect associated
with physical exercise. The novel contribution of this study is that it
evaluated the effect of physical exercise on EM and FI, across the adult
lifespan, when partialling out the effect of other cognitive reserve fac-
tors, an issue that has as yet not been fully investigated. In most previous
studies, the effects of gender and reserve factors such as educational
level, knowledge, and/or leisure activities have not always been statis-
tically partialled out concurrently. Thus, the effect of physical exercise
may be confounded with the effect of these other reserve factors. A
recent study examined the respective contribution of multiple reserve
factors (educational level, leisure activities, and physical exercise) over
the lifetime to cognitive performance among older adults (Rouillard
et al., 2017). The findings showed that educational level and leisure
activity were the main predictors of cognitive functioning in tasks
evaluating overall cognitive efficiency and a number of cognitive abil-
ities during aging. The authors suggested that the absence of effect of
physical exercise on cognitive abilities, especially in older adults, could
be explained by the fact that no positive effect would be shown if the
older adults had discontinued their physical activity (Rouillard et al.,
2017). Based on this observation, it would be interesting to assess the
effects of recent physical exercise for the last 12 months according to age
during adult lifespan. To this end, self-report measures could provide
more precise information than objective measures about long- term
physical exercise (over a period of a year or more). Self-report measures
have shown that physical exercise can be beneficial for memory and
executive functioning in older adults (Dregan & Gulliford, 2013). It
should be noted that studies typically explore the effects of physical
exercise on cognitive functioning during aging by including only older
adults or sometimes by comparing older to younger adults. To our
knowledge, no study has yet examined the effect of physical exercise on
EM and FI across the adult lifespan.

To fill this gap, the present study aimed to examine the effects of
current physical exercise on EM and FI performance according to age
across the adult lifespan. To this end, we assessed the EM and FI per-
formance of 208 participants aged from 20 to 89 years with a frequency
of current weekly physical exercise that varies from none to 4 times a
week. Our aim was to determine the effect of age and physical exercise
on EM and FI performance, and a possible moderating effect of physical
exercise on the relationship between aging and EM and FI performance,
when partialling out other reserve factors. One original aspect of the
present study was that it determined the effect of current physical ex-
ercise while controlling, statistically, for gender and three reserve fac-
tors (educational level, leisure activities, and general knowledge) that
may influence age-related changes in EM and FI. We hypothesized first
that EM and FI performance would decrease with age. Secondly, we
hypothesized that physical exercise would have a beneficial effect on EM
and FI, demonstrated by better cognitive performance with a high fre-
quency of physical exercise. Finally, we expected to observe a significant
interaction between age and physical exercise, with a reduced age-
related effect on EM and FI (protective effect) for participants with a
high weekly frequency.

2. Method
2.1. Participants

Two hundred and eight individuals aged from 20 to 85 years old
participated voluntarily in this study.

The study was approved by the ethics committee of the University of
Tours, France, and all participants gave approval for their participation
and signed a consent form. The characteristics of the general population
are presented in Table 1. As in previous studies (Aichberger et al., 2010;
Dregan & Gulliford, 2013; Hamer et al., 2014; Musich et al., 2017),
physical exercise practice was based on the self-reported number of
sessions per week of physical exercise outside of daily physical activities,
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Table 1
Characteristics of the general population.
Mean (SD) Min-max

Age (years old) 57.44 (19.14) 20-85
Physical exercise level (weekly frequency) 1.40 (1.38) 0-4
Gender (male/female) 72/136
Educational level (years of study) 11.88 (3.21) 8-24
Leisure activity index 1.78 (0.51) 0.55-3.18

of any intensity, over the last 12 months (from none to at least four times
a week). None of the participants had a neurological or psychiatric
history and all reported being free of medication known to affect the
central nervous system. Participants who scored below 27 on the Mini-
Mental State Examination (MMSE; Folstein et al., 1975) were excluded
from the study. To estimate the level of general knowledge, we calcu-
lated a general knowledge index for each participant by averaging the z-
scores of the Mill Hill vocabulary test (Deltour, 1993) and the infor-
mation test, which assesses knowledge capacity (WAIS III; Wechsler,
1997). An overall leisure index was then calculated for each participant
by averaging all the leisure activity scores. Variables namely gender,
educational level, general knowledge and cognitive leisure activity,
were partialled out in subsequent statistical analyses.

2.2. Material and procedure
2.2.1. Episodic memory (EM) and fluid intelligence (FI) measures

2.2.1.1. Free-recall task. EM was assessed using a free-recall task. Par-
ticipants were asked to memorize a list of 16 concrete words presented
orally and successively in a pre-established order. Immediately after the
presentation phase, they had to recall all the words orally in any order,
with no time limit. The score was the number of correctly recalled
words, with a maximum score of 16.

2.2.1.2. Culture Fair Intelligence Test (Cattell, 1963). FI was assessed
using the Culture Fair Intelligence Test (Cattell, 1963), which evaluates
fluid intelligence and problem-solving abilities. It consists of four sub-
tests (Series, Classifications, Matrices, and Conditions) in which partic-
ipants have to infer relationships between shapes and figures. In each
subtest, they complete sequences of drawings by choosing among
response options. The Series subtest has 13 sequences of drawings with
six response options; participants had 3 min to complete as many
problems as possible. The Classifications subtest has 14 series of five
abstract shapes and figures, and participants have to identify the two
that differ from the others; they had 4 min to complete this test. In the
Matrices subtest, participants have to complete 13 matrices or patterns,
choosing among six response options; they had 3 min to complete as
many problems as possible. In the Conditions subtest, participants were
presented with 10 series of geometric drawings and had to choose the
one that met some specified condition from five response options; time
was restricted to 150 s. The total score was calculated by adding the
number of correct responses for each subtest, with a maximum score of
50.

2.2.2. Vocabulary and information tests

2.2.2.1. Mill Hill Vocabulary Test (Raven, 1983). To evaluate verbal
abilities, participants completed the Synonyms section of the Mill Hill
Vocabulary Test (Raven, 1983). They had to select synonyms for 35
words from a choice of six words. There was no time limit, and the score
were the number of correct responses, with a maximum of 34 (one was
given as an example).

2.2.2.2. WAIS III Information Test (Wechsler, 1997). General knowledge
was assessed using the WAIS III, comprising 28 general knowledge

Acta Psychologica 227 (2022) 103609

questions. The score is the sum of correct answers (one point for each
correct response), with a maximum score of 28.

2.2.3. Assessment of physical exercise

Physical exercise was described as “a planned, structured and volun-
tary exercise as an activity in addition to the usual daily physical activities in
order to improve or maintain physical fitness” (Chodzko-Zajko et al., 2009).
In order to determine the frequency of practice of physical exercise,
participants were asked to “Please indicate how many times per week
you exercise voluntary (e.g. football, cycling, fitness, dance, running,
etc.) outside of the physically daily living activities (e.g. gardening,
housekeeping, walking your dog) during the last 12 months ” on a five-
point scale (0 = none, 1 = once a week, 2 = twice a week, 3 = 3 times a
week, and 4 = at least 4 times a week).

2.2.4. Assessment of cognitively stimulating leisure activities

To assess the extent of participants' cognitively stimulating leisure ac-
tivities, they were asked to indicate how often they had engaged in ten
different leisure activities over the past 12 months (reading books,
reading magazines, reading newspapers, playing music, going to the cinema,
going to the theater, cultural outing (museum and travel), playing board
games, playing word games and involvement in community activities).
Similarly, to the assessment of physical exercise, the engagement to
leisure activities was measured on a scale ranging from 0 to 4 that was
adapted to the fact that leisure activities are less frequent than physical
exercise (0 = never, 1 = once or twice a year, 2 = five to six times a year,
3 = several times a month, 4 = every week).

2.2.5. Procedure

At the beginning of the session, participants provided demographic
and personal information and answered questions about their health
(treatment and medical history). They then completed the Mill Hill Vo-
cabulary Test (Raven, 1983) and the WAIS III Information Test (Wechsler,
1997). Older adults then completed the Mini-Mental State Examination
(MMSE) (Folstein et al., 1975) in order to screen for cognitive
dysfunction and/or preclinical dementia. All participants achieved
scores over the cut-off of 27 points. Next, all the participants completed
the questionnaires about leisure activities and physical exercise. Finally,
they completed the EM task and the FI test.

3. Results

EM (score at free recall test) and FI (score at fluid intelligence test)
performances of the general population are presented in Table 2. Sta-
tistical analyses were carried out using STATISTICA software (version
13).

First, in order to identify the effects of age and physical exercise,
treated as continuous variables, and their interaction either on EM or on
FI performances, we performed a General Linear Model ANCOVA-based
analysis (GLM) with age and physical exercise entered as independent
variables, and EM or FI as dependent variables. More precisely, these
analyses were conducted with gender, educational level, general
knowledge index, and leisure activity index partialled out (entered as co-
variables in ANCOVA) to better examine the independent effects of age
and physical exercise. The interaction in the ANCOVA between age and
physical exercise will be used to test the hypothesis which stipulates that
physical exercise would moderate the age-related effect on EM and FI
with control for the co-variables listed above. In order to make the re-
sults as illustrative as possible, we made figures with four age groups

Table 2
EM and FI performances of the general population.
Mean (SD) Min-max
Free recall test (EM) 10,88 (2,56) 2-16
Fluid intelligence test (FI) 19,88 (6,92) 4-37
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(20-39; 40-59; 60-69; 70-85) and two physical exercise groups (Low:
less than twice a week; High: more than twice a week) (see Fig. 1 for EM
and Fig. 2 for FI). The distribution of the weekly frequency into two
groups (low vs. high) to less than 2 times and more than 2 times a week
was made based on the analyses developed below.

Second, we aimed to determine from which age the effect of physical
exercise becomes significant. To this end, we conducted additional
ANCOVAs with age and physical exercise (continuous factors) on EM
then FI performances (dependent variables) by adding age groups pro-
gressively as per the following (20-39 then 20-59 then 20-69 then
20-85).

Third, with the purpose of determining the exact frequency from
which the effect of physical exercise becomes significant, ANCOVAs
analyses with age and physical exercise factors on EM and FI perfor-
mances have been conducted by first integrating only the subjects who
exercise 0 and 1 time a week and then adding the higher frequencies
gradually. In other words, we first included in the ANCOVA on EM and
FI only subjects who exercise 0 and 1 times a week. Then, we included in
addition to the subjects who practice from 0 to 1 time those who practice
2 times a week to test the effect of exercise between 0 and 2 times.
Subsequently, we further included subjects who exercise 3 times to see
the effect of exercise between 0 and 3 times per week and finally we also
included the subjects who practice with a frequency of 4 times per week.

For EM, ANCOVA revealed a significant effect of age [F(1,199) =
34.27, MSe = 3.70, n’p = 0.15, p < .0001] with a decrease in perfor-
mance with advancing age (see Fig. 1). The analyses did not reveal a
significant effect of physical exercise [F(1,199) = 3.45, MSe = 3.70, n%p
=0.01, p =.06]. However, the results indicated a significant interaction
between age and physical exercise for EM [F(1,199) = 8.47, MSe = 3.70,
n%p = 0.04, p < .005] confirming that the effect of physical exercise
varies significantly as a function of age. Moreover, the interaction
illustrated in Fig. 1 indicates a reduced effect of age in more physically
active participants for EM. Additional analyses indicated that for EM,
the effect of physical exercise was not significant when only participants
aged from 20 to 39 years old were included in the analysis nor from 20 to
59 years old. The effect of physical exercise begins to be significant only
when participants aged from 60 to 79 years were added in the analysis
[F(1,55) = 6.86; MSe = 3.19; nzp = 0.11; p < .05]. Thus, the effect of
physical exercise begins to be significant on EM from the age of 60.
Concerning determining the frequency from which the effect of physical
exercise becomes significant on EM, the results indicated that the effect
of physical exercise was not significant when including only the subjects
who practice 0 or 1 time a week. This effect became significant with a
weekly frequency of 2 times a week (i.e. including in addition to the
subjects who practice 0 and 1 time a week, the subjects who practice 2
times a week) [F(1,200) = 6.76; MSe = 3.84; qu = 0.003; p < .05] and
continues to be significant beyond this frequency (0,1,2and 3&0, 1, 2,
3 and 4).

Concerning FI, ANCOVA showed a significant effect of age [F(1,199)
= 115.9, MSe = 17.38, nzp = 0.037, p < .0001] with a decrease in
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Fig. 1. Effect of physical exercise on episodic memory in function of age.
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Fig. 2. Effect of physical exercise on fluid intelligence in function of age.

performance with advancing age and a significant effect of physical
exercise [F(1,199) = 4.82, MSe = 17.38, nzp = 0.02, p < .05] showing
that subjects who exercise more frequently perform better than those
who practice less or not at all (see Fig. 2). Then, concerning the optimal
frequency from which the effect of physical exercise remains significant
on FI, additional analyses demonstrate that the effect of physical exer-
cise was not significant when only including participants with 0 and 1 a
week frequency of practice. This effect became significant only when
including in addition to the subjects who practice 0 and 1 time a week,
the subjects who practice 2 times a week (0, 1 and 2 times a week) [F
(1,200) = 4.01; MSe = 18.11, nzp = 0.02, p < .05] and remains signif-
icant over this frequency (0, 1, 2and 3 & 0, 1, 2, 3 and 4). Also, the main
ANCOVA analysis showed a significant interaction between age and
physical exercise for FI [F(1,199) = 9.32, MSe = 17.38, n%p = 0.044, p <
.005]. The additional analyses have shown that for FI the effect of
physical exercise was not significant when participants aged from 20 to
39 years old were included in the analysis nor from 20 to 59 years old
neither among 60-69 years old. The effect of physical exercise begins to
be significant from the age of 70 and above [F(1,52) = 12.43, MSe =
19.16, nzp = 0.02, p < .0001]. This result showed that the beneficial
effect of physical exercise on IF capacities increases with age and is more
observed in adults over 70 years of age with a reduced age-related
decline in participants who exercise frequently. To sum, the signifi-
cant interaction observed between age and physical-exercise variables
for EM and FI suggests a reduced age-related effect as a function of
highly physical exercise frequency (from twice a week for both
functions).

4. Discussion

The present study examined whether the influence of age on EM and
FI performance varies as a function of physical exercise, indexed by
weekly frequency over the last 12 months, after statistical control for
gender and potential reserve variables, namely educational level, gen-
eral knowledge, and leisure activities. The results indicate a significant
interaction between age and physical exercise when the other factors
(gender, educational level, general knowledge, and cognitive leisure
activity) were partialled out for EM and FI. The interaction suggests that
the effect of age is reduced for physically active participants, which
confirms the protective effect of physical exercise by considering a more
important effect in older adults. The effect of physical activity can be
observed from the age of 60 for EM and 70 for FI with a minimum fre-
quency of 2 times per week for these two cognitive functions. Moreover,
the interaction observed between age and physical exercise suggests that
physical exercise acts as an independent moderator of the aging effect on
EM and FI, as older adults who engaged in physical exercise more
frequently appeared to be better protected against cognitive aging.
Interestingly, in addition to confirming the moderating effect of frequent
physical exercise, the results suggest a differential preservation profile
for EM and FI, which seems more marked for EM (Salthouse, 2006;
Tucker-Drob et al., 2009).
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A classic pattern of aging was observed for EM and FI performance,
confirming the age-related decline observed in previous studies (Craick
& Jennings, 1992; Verhaeghen & Salthouse, 1997; Horn & Cattell, 1966;
Salthouse, 1991). In the literature, the age-related decline in both
cognitive abilities has been explained by the resource deficit hypothesis,
involving notably a deficit of executive functions that play a significant
role in EM and FI functioning (Angel et al., 2010; Ardiale & Lemaire,
2012; Barbey et al., 2012; Conway et al., 2002; Isingrini & Taconnat,
2008; Salthouse & Salthouse, 1992; Salthouse, 1993). Since studies
suggest that executive functions are particularly sensitive to the bene-
ficial effect of physical exercise (see for meta-analysis: Colcombe &
Kramer, 2003; Kramer et al., 1999) it may be interesting to determine
whether the beneficial effect of physical exercise on EM and FI may be
mediated by the effect of physical exercise on executive functions. That
is to say, physically active older subjects would have better executive
functioning and therefore better FI and EM performances. It would
therefore be interesting in future research to include executive functions
measures in order to test this mediation hypothesis.

The original aspect of the present study examined changes across the
adult lifespan and isolated statistically the effect of physical exercise
from other reserve factors likely to influence age-related changes in EM
and FIL. The effect of physical exercise could be explained by various
arguments present in the current literature which suggest from a
behavioral point of view an improvement in strategies (e.g. André et al.,
2018) and from a neuronal point of view greater volumes of different
brain regions (frontal, occipital, entorhinal, and hippocampal regions)
associated with a reduced risk of cognitive impairment (See for review
Erickson & Kramer, 2009). Moreover, the practice of physical activity
showed a significant effect on the maximum volume of oxygen in the
body, particularly in brain structures (Jones et al., 2011; Whipp et al.,
2005), on neuronal plasticity (Gyorkos et al., 2014; Revilla et al., 2014),
and neurotrophic factors that regulate neuroprotective pathways
(Vianney et al., 2013) (see for review Audiffren et al., 2011). In addition,
it would be interesting in future research to explore brain aspects using
imaging techniques that could indicate the brain mechanisms underly-
ing the effects of physical exercise on cognitive functions. In fact, the
Scaffolding Theory of Aging and Cognition (STAC) states that there is a
compensatory scaffolding that entails the engagement of additional
neural resources (network reorganization) providing support to preserve
cognitive function against structural and functional decline (Park &
Reuter-Lorenz, 2009). In addition, STAC-r modifiable model in-
corporates life-course variables that impact the structure and function of
the aging brain. This model provides a dynamic between neurophysio-
logical variables and compensatory neural processes that operate jointly
to predict cognitive function over time (Reuter-Lorenz & Park, 2014).

After statistically controlling for gender, educational level, general
knowledge, and leisure activities, we observed a significant interaction
between age and physical exercise level which supports the hypothesis
that physical exercise is a protective factor against cognitive decline
independently of other reserve factors. This finding suggests that phys-
ical exercise could independently moderate age-related effects on EM
and FI and therefore be considered as a reserve factor (Stern, 2002). The
question of the optimal frequency of practice in order to moderate the
effects of age especially during aging is of major importance but remains
with no clear answer. In fact, analyses have shown in our study that
whatever the nature of the physical exercise, practicing twice a week or
more could moderate the effect of age on memory and fluid intelligence
capacities. Aichberger et al. (2010) also reported that engagement in
physical exercise more than once a week was associated with a lower
rate of cognitive decline. Nevertheless, to concretely provide evidence-
based recommendations of a specific frequency of physical exercise, it
would be interesting to extend the present results with additional lon-
gitudinal intervention studies with precise measurements are needed
(Herting & Keenan, 2017).

The age-related deficit in EM performance confirmed that physical
exercise has a moderating effect on age-related changes in EM that
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becomes significant for the elderly (from 60 years old). Regarding FI, the
significant interaction between age and physical exercise variables
indicated that the age-related effect was more marked when practicing
less frequently a physical exercise and that this effect is mainly observed
in adults over 70 years of age. In other words, these results confirm that
the age-related decline in EM and FI performance is reduced in in-
dividuals, especially older adults, and that a physical exercise frequency
of 2 times or more a week is needed. This beneficial effect of physical
exercise on EM and FI increases with age, as it was observed less in the
younger participants. This is in line with other studies that failed to show
a benefit of physical exercise for younger adults on EM and FI (Bherer
et al., 2005; Hayes et al., 2015; Hillman et al., 2004; Scisco et al., 2008;
Van Boxtel et al., 1997; see for meta-analysis Etnier et al., 2006) but that
did find a significant effect in older adults. It is difficult at this stage to
give a definitive interpretation of this difference, but one possible
explanation is that the brain and cognitive functioning of young adults is
nearly optimal (Scisco et al., 2008). It would also be interesting to
explore the effect of physical exercise across the lifespan, and not only
for the last 12 months period, in order to determine whether the bene-
ficial effect at an advanced age depends on life-long accumulation or can
be achieved over a shorter time span. Subjective measures, such as those
used in the present study, could be adapted to cover the entire life span
and thus could examine the impact of physical exercise practiced over a
longer period than one year. Other studies using a similar protocol
showed that physical exercise may improve cognitive functions,
including EM and FI especially in older adults (Clarkson-Smith &
Hartley, 1989; Dregan & Gulliford, 2013; Dustman et al., 1990; Elsayed
et al., 1980; for review see Albinet et al., 2008). However, self-report
measures can often be biased by the tendency of respondents to over-
estimate the time spent on physical exercise (Sallis & Saelens, 2000), or
by difficulty in recall, especially for older adults (Baranowski, 1988).
However, in the present study, we used a simple, overall measure of
weekly exercise over a period of one year, thus limiting the risk of this
kind of bias.

Finally, a “selective improvement” effect of physical exercise has
been reported in some studies, suggesting that the type of physical ex-
ercise (aerobic, resistance, balance, or stretching exercises) have selec-
tive cognitive effects (Kramer et al., 1999). It would thus be interesting
to determine whether the improvement in cognitive abilities such as EM
and FI is associated with a specific type or intensity of physical exercise
in order to gain a clearer understanding of the effect of physical exercise
on cognition during aging. Moreover, it would be interesting to examine
the effect of other forms of everyday physical activities (e.g. gardening
and walking). In summary, taking a cross-sectional lifespan approach
and by controlling statistically for the main cognitive reserve factors
(educational level, general knowledge and leisure activities) and gender,
the present study confirmed the independent positive effect of physical
exercise cognitive functioning, and showed that being physically active
could moderate the age-related effects on EM and FI. It thus confirms
that physical exercise can be a valuable way of optimizing episodic
memory and fluid intelligence capacities, especially for older adults.
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