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Abstract Working memory abilities significantly de-
crease with advancing age; hence, the search for factors
that may increase or mitigate this decline is critical.
Several factors have been identified that influence work-
ing memory; however, their effects have been mainly
assessed separately and rarely together with other fac-
tors in the same sample. We examined 120 variables to
search for factors that jointly act as mediators of work-
ing memory decay across the adult life span. A sample
of 1652 healthy adults was assessed in spatial and verbal
working memory domains. Structural equation model-
ing analyses were conducted to search for potential
mediators that intervened between age and working
memory. Only 14 and 10 variables reliably mediated
spatial and verbal working memory, respectively.

Factors from several domains remained in the models,
such as individual characteristics, physiological traits,
consumption habits, and regular activities. These factors
are sufficiently powerful to influence working memory
decline when they jointly interact, as in everyday living.

Keywords Spatial workingmemory. Verbal working
memory.Mediators .Adult life span .Structural equation
modeling

In everyday living, we are challenged to use our work-
ing memory abilities to solve numerous situations that
require manipulating and transforming information in
our mind.Workingmemory is conceived as the memory
we use for the execution of our plans (Miller et al. 1960),
and for that reason, it is crucial for our cognitive func-
tionality. However, working memory abilities are highly
vulnerable to the effects of age. The information proc-
essed in working memory may pertain to the spatial or
verbal domain. Working memory in each domain can be
equivalently examined by means of the n-back task
(Kirchner 1958). This procedure consists of judging
whether the current item is equal or not equal to the
one presented n trials previously. The two-back level of
difficulty is suitable for assessing working memory
because requires using the processes that have been
outlined to describe this memory system: storage, bind-
ing each item to its temporal order, retrieval, updating
the item and its temporal order, monitoring, and inter-
ference control from items that do not correspond to the
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lag under evaluation. Using this procedure, it has been
observed that working memory in both domains, spatial
and verbal, diminishes gradually with advancing age
across the adult life span (Cansino et al. 2013).

The search for factors that lessen or increase cogni-
tive decay has been investigated over the last three
decades. One of the first pieces of evidence emerged
from experiments on older rats that were housed in
enriched environments filled with toys and showed in-
creased dendritic branching compared to rats housed in
empty enclosures (Black et al. 1987). However, young
rats benefited more than old rats from these environ-
ments, suggesting that the old brain has fewer resources
to sustain neuroplasticity changes, such as reduced met-
abolic energy. This finding led to the search for factors
that may improve metabolic processes, such as glucose,
oxygen, and nutrients. For example, some of the nutri-
ents that have been associated with cognitive function
are fatty acids. The consumption of polyunsaturated
fatty acids is associated with higher memory perfor-
mance, whereas the intake of saturated fatty acids is
related to lower cognitive function and even to neuro-
logical diseases (e.g., Kaplan and Greenwood 1998;
Beilharz et al. 2015). Therefore, assessing the effects
that each type of fatty acid may exert on working mem-
ory is essential; this approach has been adopted in the
present study.

Several factors have been found to be related to or
have an effect on working memory. However, their
effects are rarely analyzed on working memory exclu-
sively but instead combined with scores of other mem-
ory types or other cognitive functions (e.g., Santos et al.
2014). Additionally, the influence of these variables has
mostly been analyzed separately (e.g., Zahodne et al.
2011) and rarely together with other factors in the same
sample, and most of these studies have been conducted
in older adults (e.g., Hansson and Hagber 2005). How-
ever, in everyday life, these factors occur simultaneous-
ly, and it is unknown whether they would still have an
effect on working memory when they act together.
Therefore, the purpose of this study was to examine
which of these factors continues to influence working
memory even in the presence of other factors.

To achieve this goal, we assessed 120 variables in a
healthy adult life span sample comprised of 1652 indi-
viduals between 21 and 80 years old; age and sex were
equally distributed across the age range (see
Supplementary Material Table 1). The present study is
the first to include almost all variables that have been

empirically documented to be positive or negative pre-
dictors of working memory, memory, or cognition in
general. Moreover, we examined these factors in an
adult life span sample to be able to identify predictors
of working memory performance that are relevant
across adulthood and not only for an exclusive age
group. Furthermore, we assessed the effects of these
variables exclusively in workingmemory and separately
in the spatial and verbal domains. We used structural
equation modeling (SEM) to identify the most plausible
models that included only reliable mediators of the
effect of age on spatial and verbal working memory;
all mediators were observable variables, which allow the
direct comparison with everyday measurements of these
variables and with other studies. The factors measured
(Supplementary Material Table 2) included demograph-
ic variables; diseases with which participants had been
diagnosed; biological, physical, and physiological mea-
sures; nutrient consumption; medication intake; tobac-
co, drug, and alcohol consumptions; lifestyle variables
such as physical, mental, social, and cultural activities;
experience of stressful events; metamemory (partici-
pants’ affects and beliefs about their own memory);
depression; and general intellectual and cognitive state.

Methods

Participants

A sample of 1652 healthy adults between 21 and 80 years
of age participated in the study. From each decade in-
cluded in the age range, approximately the same number
of men and women participated (Supplementary
Material Table 1). We recruited 1657 participants; how-
ever, 5 individuals were excluded because their data
from the workingmemory task were lost due to technical
problems. Participants were recruited through appeals to
community groups, advertisements, flyers, and word of
mouth. The inclusion criteria were a minimum of 8 years
of education, normal, or corrected-to-normal vision, a
score ≤ 20 on the Beck Depression Inventory (BDI)
(Beck 1987), a score ≥ 24 on the Mini-Mental State
Exam (MMSE) (Folstein et al. 1975), and a score ≥ 26
on the vocabulary subtest of the Wechsler Adult Intelli-
gence Scale-Revised (WAIS-R) (Wechsler 1981). These
performance scores were required to ensure that partici-
pants were not suffering from depression, dementia, or
intellectual difficulties. Supplementary Material Table 1
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displays the participants’ scores on these tests by decade.
The exclusion criteria were addiction to drugs or alcohol,
consumption of medication that acts on the nervous
system in the previous 6 months, neurological or psychi-
atric diseases, or head trauma.

All participants provided informed consent and re-
ceived a monetary reward for his/her participation. The
study was approved by the Bioethics Committee of the
School of Medicine at the National Autonomous Uni-
versity of Mexico. All experiments were performed in
accordance with the Declaration of Helsinki. Because
the goodness-of-fit statistic has a chi-square distribution
when the model adequately fits the assumption of mul-
tivariate normality of the data, it is possible to obtain the
power of the test of good fit given the sample size and
degrees of freedom of the model, as has been proposed
byMacCallum et al. (1996). We estimated the statistical
power of the models we fit by testing the covariance
structure model using RMSEA. We performed these
estimations using the Preacher and Coffman (2006)
web utility. All models were found to have a power of
1 when the alpha level was set to 0.05, the null RMSEA
to 0.05, and the alternative RMSEA to 0.08.

Measures

The different measurement methods used in the current
study are described in detail in the Supplementary Ma-
terial. The metamemory dimensions were examined
with the Metamemory in Adulthood scale (Dixon et al.
1988). Food consumption was assessed through the
Food Frequency Questionnaire (FFQ) (Hernández-
Ávila et al. 1998), an instrument developed according
to the method proposed by Willett et al. (1985) through
several stages to confirm its reproducibility and validity
(Hernández et al. 1983; Hernández-Ávila et al. 1998;
Romieu et al. 1999). Further information about how the
Food Frequency Questionnaire was developed is pro-
vided in the Supplementary Material. Nutrient intake
was estimated using the Evaluation System of Nutrition-
al Habits and Nutrient Consumption (SNUT) software
(Hernández-Ávila et al. 2000). The nutrient content for
each food item is based on the US Department of
Agriculture (1963–1997, USDA) and complemented
by a database from the National Institute of Nutrition
(Chávez et al. 1996). The experience of positive and
negative stressful life events was evaluated by means of
the Social Readjustment Rating Scale (SRRS) (Holmes
and Rahe 1967). To examine education; occupation;

income; health status; medication intake; tobacco, drug,
and alcohol consumptions; and cultural, social, mental,
and physical activities, a Lifestyle Questionnaire was
created specifically for the current study. Scores obtain-
ed on the screening tests the Beck Depression Inventory
(BDI) (Beck 1987), the Mini-Mental State Exam
(MMSE) (Folstein et al. 1975), and the vocabulary
subtest of the Wechsler Adult Intelligence Scale-
Revised (WAIS-R) (Wechsler 1981) were also included
in the structural equation modeling analyses.

Stimuli

We used 12 uppercase letters (B, F, G, K, L, N, P, Q, R,
S, T, and X) for the verbal version of the n-back task.
The letters subtended vertical and horizontal visual an-
gles of 1.5° and 1°, respectively. The letters were pre-
sented in a dark gray color at the center of a white screen
to maintain a low contrast. For the spatial n-back task,
we used a dark gray circle with a diameter of a visual
angle of 1.5°. The screen was white in color, and a black
cross (vertical and horizontal visual angles of 0.5°) was
continuously displayed at the center of the screen. The
circle was displayed in one of 12 possible positions
around the center of the screen. The distance between
the circle and the center of the screen was 4°. The letters
for the verbal task and the positions for the spatial task
were selected randomly and with the same probability.

Procedure

The study lasted 6.5 years. Approximately, the same
number of participants from each decade in the age
range was evaluated each year. Participants attended
two sessions that were approximately 2 h each. Gradu-
ate psychology collaborators conducted the experimen-
tal sessions and applied the instruments after several
months of training. The training consisted of learning
how to interview, apply psychological tests, evaluate
visual acuity, and administer memory tasks. To ensure
that the collaborators had acquired the necessary skills
before being allowed to formally carry out the study,
they were observed several times and evaluated through
a Gesell chamber while conducting interviews and ap-
plying psychological tests. The collaborators were also
supervised and evaluated while they administered the
memory tasks to guarantee that the procedure was ap-
plied consistently to all of the participants. Potential
participants were assessed through prescreening
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questions to determine if they fulfilled the inclusion and
exclusion criteria prior to being invited to attend the first
session. The first session occurred in a silent room in
which only the participant and the experimenter were
present. At the beginning of this session, participants
were further interviewed to confirm that they satisfied
the inclusion criteria. Afterwards, participants were test-
ed with the WAIS-R vocabulary subtest, the MMSE,
and the BDI, and their vision was tested. Participants
that were eligible for the study were asked to provide
their informed consent. Afterwards, participants com-
pleted the Lifestyle Questionnaire, followed by the Food
Frequency Questionnaire and the SRRS, which were
completed in a counterbalanced order. Then, the Annett
Hand Preference Questionnaire (Annett 1970) was ad-
ministered. At the end of the session, participants had
theMetamemory in Adulthood questionnaire explained,
which was then handed to them to be answered at home.
Participants were also asked to record all foods they ate
for 3 days in special formats (data not analyzed here).
Finally, participants’ weight and height were measured.

In the second session, participants’ glucose, choles-
terol, and triglycerides were measured in a non-fasting
state with the Accutrend Plus System, Roche Diagnos-
tics, Rotkreuz, Switzerland. These measurements were
taken in a counterbalanced order. In this session, partic-
ipants performed the working memory tasks and a
source memory task (data not shown) in a sound-
dampened chamber. The participants were seated in a
high-back armchair 100 cm away from the monitor
screen. Blood pressure and heart rate were measured
with a digital upper arm sphygmomanometer Hem-
712C, Omron, Kyoto, Japan. Mean arterial pressure
(MAP) was estimated as [(2 × diastolic blood pres-
sure) + systolic blood pressure]/3. Skin conductance re-
sponses were recorded by placing electrodes on the ring
and middle fingers of the non-dominant hand (data not
presented here). Participants responded by utilizing two
keys from a response panel located on a platform on the
left or right armchair according to the participant’s
handedness. The verbal and spatial tasks were per-
formed by the participants in a counterbalanced order,
and within each domain, participants performed the task
at two levels of difficulty (one-back and two-back), also
in a counterbalanced order. Data from the low difficulty
tasks (one-back) are not shown. Prior to performing
each of the n-back tasks, participants carried out brief
versions of each task as training. The stimulus presen-
tations and response recordings were controlled by E-

Prime Software v1.0, Psychological Software Tools,
Pittsburgh, PA, USA.

Working memory paradigm

For both the verbal and spatial n-back tasks, each trial
started with the presentation of the stimulus (letter or
circle) for 300 ms, followed by a period of 2700 ms.
After this time, the next stimulus was displayed. Partic-
ipants were allowed to provide their response during the
3000-ms period following the onset of the stimulus. In
the verbal task, participants were requested to indicate
whether the current letter was equal or not equal to the
one displayed two trials prior. In the spatial version,
participants were required to indicate whether the cur-
rent circle was presented in the same position as the one
displayed two trials before. Participants performed 72
trials from each version of the task, of which 33% of the
trials were target (letters or positions equal to the one of
the current trial).

Data analysis

Based on previous empirical findings that have demon-
strated which variables have an effect on working mem-
ory, memory in general, or cognition, two hypothetical
models were formulated a priori. The models comprised
only one exogenous variable, participant’s age, and only
one outcome variable, discrimination in the spatial
working memory task for one model and discrimination
in the verbal working memory task for the other model.
Discrimination levels were determined by using d-prime
(d′) values, which are not affected by the participants’
criterion for completing the tasks. The rest of the vari-
ables were considered endogenous mediator variables
that intervened between age and working memory in a
causal sequence. We estimated the magnitude of the
direct effect of age on spatial and verbal working mem-
ory not mediated by other variables in each model
separately. In addition, we calculated the indirect effect
of age mediated by the other variables in eachmodel and
the indirect effect of each mediator variable by multi-
plying the coefficients for the two linked direct effects.
Only observable variables were included in the models
because they could be directly interpreted and compared
with predictors from other studies.

A set of 120 variables were initially considered as
potential mediator variables, none of which had missing
values. All variables were examined with descriptive
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analyses, and those with skewness exceeding ± 3 were
natural log-transformed. Afterwards, linear regression
analyses between all variables and discrimination in
the spatial and verbal working memory domains were
conducted. Those variables with a significant (P < .05)
effect on spatial or verbal working memory were select-
ed to be included in the first models for each domain.
After the paths were fit with SEM analyses, the models
were fine-tuned by eliminating endogenous variables,
whose paths had t values that were no longer significant
(P > .05). The SEM analyses were repeated with only
the endogenous variables that remained significant in
each model. Goodness-of-fit was assessed with the χ2

likelihood ratio with degrees of freedom, relative or
normed χ2 (χ2/degrees of freedom), the comparative
fit index (CFI), the root mean square error of approxi-
mation (RMSEA), and the standardized root mean
squared residual (SRMS). Finally, we performed a
bootstrapped test of mediation (Preacher and Hayes
2008) with 20,000 replications to estimate the 95%
bias-corrected confidence intervals for each mediator
variable and the total indirect effect. SEM analyses were
conducted with Stata v.13, Texas, USA, using the max-
imum likelihood estimation procedure.

Results

Participants’ discrimination levels (d′) in the spatial and
verbal working memory tasks as a function of age are
displayed in Fig. 1. The descriptive analyses conducted
on all variables are depicted in Supplementary Material
Table 2. Because skewness for some variables increased
after log-transformation, no transformed data were used
for these variables. The results of the linear regression
analyses computed between all variables and discrimi-
nation in the spatial working memory task are displayed
in SupplementaryMaterial Table 3, and those conducted
between all variables and discrimination in the verbal
working memory domain are shown in Supplementary
Material Table 4.

Spatial working memory

Linear regression analyses revealed 54 variables that
had a significant effect on discrimination in the spatial
domain and were included in the first SEM analysis as
potential mediators. After the model was fit, only the
paths of 14 endogenous variables had significant t

values (P < .05); thus, the model was fine-tuned by
eliminating the mediator variables that had paths that
were no longer significant. The SEM estimation was
repeated, and results revealed that the path coefficients
for all 14 mediator variables in the model were signifi-
cant (Fig. 2). The correlation matrix of this model is
presented in Supplementary Material Table 5, and the
SEM results are depicted in Supplementary Material
Table 7; for reference, we present in this table the
coefficients from the model fit with variables that were
not log-transformed. The inspection of the modification
indices showed some model misspecifications due to
related variables. Misspecifications were observed be-
tween education and the scores from the Capacity and
Anxiety scales of the MIA, computer use, and cultural

Fig. 1 Discrimination level (d′) in the spatial and verbal working
memory domains, examined through a two-back task, as a func-
tion of participant’s age in a life span sample of 1652 adults
between 21 and 80 years of age. The solid line represents the
linear regression fit, and the red band (gray) represents the 95%
confidence interval
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activities; between the anxiety scale and the capacity
scale of the MIA and computer use; between cultural
activities and computer use, hobbies, and social activi-
ties; between alcohol and cigarettes and social activities;
between body mass index (BMI) and MAP; and be-
tween palmitic acid and stearic acid. Because these
variables are strongly theoretically related, we added
covariance terms between these variables. The
goodness-of-fit for this final model was χ2 (78) =
279.89, P < .0001; relative χ2 = 3.59; CFI = 0.98;
RMSEA = 0.040; and SRMS = 0.036. The coefficient
of determination (CD) of the model was 0.53. The
indirect effects of each mediator variable were signifi-
cant as revealed by bootstrapping (Fig. 4). In addition,
the total indirect effect of age through all mediator
variables was significant [β (95% CI) = − 0.005 (− 0.007,
− 0.003)]. Because the direct effect of age on spatial work-
ing memory was β =− 0.019, the proportion of the total
effect mediated was 0.207.

Verbal working memory

Linear regression analyses were significant for 53 vari-
ables, which were included in the first SEM analysis as
potential mediators of discrimination in the verbal work-
ing memory domain. The results revealed that the paths
of 10 endogenous variables had significant t values
(P < .05); therefore, mediator variables that had no sig-
nificant paths were eliminated from the model. The
estimated second model showed that the path coeffi-
cients for the 10 mediator variables in the model were
significant (Fig. 3). Supplementary Material Table 6
displays the correlation matrix of this model, and the
SEM results are shown in Supplementary Material Ta-
ble 8. The modification indices revealed some
misspecifications because some variables were related.
We added covariance terms between the following var-
iables because they were strongly theoretically related:
between education and the scores from the capacity and

Fig. 2 Structural equation model for spatial working memory.
The model comprises only variables that significantly mediated
the effects of age on discrimination (d′) decline in the spatial
working memory domain across the adult life span. Path coeffi-
cients are standardized estimates. Positive predictors of spatial
working memory performance are presented in blue (dark gray)
squares and negative predictors in red (light gray) squares. Note
that two factors that have positive effects on spatial working

memory (Capacity of the Metamemory in Adulthood Scale
[MIA] and cultural activities) had opposite effects when mediating
the effects of age on working memory. These factors decreased
with age to the extent that their effects were negative. MMSE
Mini-Mental State Scale, BMI body mass index, MAP mean
arterial pressure, fr frequency. aTotal intake or time = frequency ×
duration. bLog-transformed variable. *P < 0.05, **P < 0.01,
***P < 0.001 (color figure online)
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anxiety scales of the MIA, computer use, and cultural
activities; between the anxiety scale and the capacity
scale of the MIA and computer use; between social
activities and alcohol and beer; between alcohol and
beer; and between palmitic acid and processed food.
The final model had the following goodness-of-fit: χ2

(36) = 147.76, P < .0001; relativeχ2 = 4.10; CFI = 0.96;
RMSEA= 0.043; and SRMS = 0.033. The CD of the
model was 0.47. Bootstrapping analyses revealed that
the indirect effects of each mediator variable were sig-
nificant (Fig. 4). The total indirect effect of age through
all mediator variables was also significant [β (95%CI) =
− 0.008 (− 0.010, − 0.006)]. Given that the direct effect
of age on verbal working memory was β = − 0.016, the
proportion of the total effect mediated was 0.320.

Discussion

The final models showed that only 14 and 10 predictors
out of 54 and 53 potential variables significantly medi-
ated the effects of age on spatial and verbal working
memory, respectively. These results confirm that when
several factors occur concurrently, as in real life, only a
few of them are sufficiently powerful to remain

influential in working memory when other competitive
factors are present.

Individual characteristics such as years of education,
general cognitive status measured by means of the
MMSE, and participants’ beliefs about their own mem-
ory capacity (MIA: capacity) and the anxiety experi-
enced when they employ their memory (MIA: anxiety)
significantly mediated the effects of age on working
memory in both domains. Education and other challeng-
ing life experiences are thought to be inducers of cog-
nitive reserve, the capacity to more effectively use brain
networks and cognitive processes (Stern 2009) such as
memory. Whether accurate or not, an individual’s
metamemory influences actual working memory perfor-
mance. This is because metamemory is a form of meta-
cognition, which is the ability to control various think-
ing strategies, such as organizing and monitoring
(Flavell 1979), which also belong to working memory.

The spatial working memory model comprised both
physical, BMI, and physiological, MAP, predictors that
were absent in the verbal model. BMI had a negative
effect on spatial working memory, whereas MAP had a
positive effect. Although there is evidence that individ-
uals with high BMI values in the range of obesity
perform poorer in working memory tasks (Elias et al.

Fig. 3 Structural equationmodel for verbal workingmemory. The
model comprises only variables that significantly mediated the
effects of age on discrimination (d′) decline in the verbal working
memory domain across the adult life span. Path coefficients are
standardized estimates. Positive predictors of verbal working
memory performance are presented in blue (dark gray) squares
and negative predictors in red (light gray) squares. Note that the

positive effects of the Capacity of the Metamemory in Adulthood
Scale (MIA) on verbal working memory had opposite effects
when mediating the effects of age on working memory. The scores
in this scale decreased with age to the extent that their effects were
negative. MMSE Mini-Mental State Scale, fr frequency. aTotal
intake or time = frequency × duration. bLog-transformed variable.
*P < 0.05, **P < 0.01, ***P < 0.001 (color figure online)
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2003) and show less total gray matter volume and whole
brain volume (Gunstad et al. 2008) than non-obese
persons, the mechanisms through which BMI impacts
cognition and the brain are still under investigation; the
robust association of BMI with cardiovascular and met-
abolic diseases is one of the strongest explanations.
MAP is a measurement of blood perfusion pressure
delivery to all organs, including the brain, which ex-
plains its positive influence on memory.

The consumption of two long-chain saturated fatty
acids, palmitic acid (16:0) and stearic acid (18:0), im-
pacted working memory discrimination, while the for-
mer impacted both memory domains; however, their
effects are opposite. Palmitic acid, found mainly in
animal fats and palm oil, increases low-density lipopro-
tein (LDL), which, in turn, is associated with cardiovas-
cular diseases. Conversely, stearic acid, found predom-
inantly in animal fats and cocoa butter, has neutral
effects on serum LDL and total cholesterol concentra-
tion (Grande et al. 1970). In the current study, stearic

acid effects were not neutral, given that spatial working
memorywas positively mediated by this fatty acid. Post-
mortem brains of Alzheimer’s disease patients, com-
pared to healthy individuals, show a significant reduc-
tion in stearic acid composition in frontal and temporal
cortices (e.g., Fraser et al. 2010); thus, it is possible that
the positive influence of stearic acid may be through its
functions within neuronal membranes. Additionally, the
consumption of processed food negatively mediated the
effects of age on verbal working memory. Processed
food is the major source of trans fatty acids formed by
partially hydrogenated vegetable oils, which increase
LDL concentration in the plasma, a condition highly
correlated with coronary artery disease (Filip et al.
2010).

The finding that cigarette smoking was associated
with higher spatial working memory is not unexpected
given that numerous studies have found that nicotine
enhances attention and memory (for a meta-analysis, see
Heishman et al. 2010). Nicotine binds to presynaptic

Fig. 4 Estimates of the indirect effects in the spatial and verbal
working memory structural equation models. The indirect effects
(β) and 95% bias-corrected confidence intervals for each mediator
variable were calculated using a bootstrap procedure with 20,000
samples. Indirect effects were significant for all mediator variables.
However, note that some positive (blue or dark gray) and negative
predictors (red or light gray) had opposite indirect effects when
mediating the effects of age on working memory. The indirect

effects are products of the effects of age on each mediator and the
effects of each mediator on working memory. Thus, if both effects
are positive or negative, then the indirect effects will be positive.
However, if they have opposite effects, then their indirect effects
will be negative. MMSE Mini-Mental State Scale, MIA
Metamemory in Adulthood Scale, BMI body mass index, MAP
mean arterial pressure, fr frequency. aTotal intake or time = fre-
quency × duration. bLog-transformed variable (color figure online)
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nicotinic acetylcholine receptors in the brain, inducing
the release of acetylcholine and other neurotransmitters
in regions such as the prefrontal cortex (dos Santos
Coura and Granon 2012), which is crucial for working
memory. Contrary to the adverse effects of high alcohol
intake, moderate alcohol consumption is associated with
a reduced risk of dementia (Ruitenberg et al. 2002),
lower levels of systemic inflammatory markers (Imhof
et al. 2004), increased high density lipoprotein (HDL)
cholesterol (Rimm et al. 1999), and higher cognitive
performance (e.g., Britton et al. 2004). In the present
study, we now provide additional evidence that moder-
ate alcohol consumption positively mediates the effects
of age on both spatial and verbal working memory. In
addition to the indirect effects of alcohol on cognition
through its influence on the cardiovascular system, it has
been proposed that ethanol may benefit memory be-
cause it enhances the expression of N-methyl-D-aspar-
tate receptor (NMDAR), which is highly involved in the
control of synaptic plasticity and memory (Kalev-
Zylinska and During 2007). The favorable effects of
alcohol are independent of the type of alcoholic bever-
age (e.g., Ruittenbeg et al. 2002; Rimm et al. 1999),
indicating that alcohol itself is themajor protective agent
in all alcoholic beverages. However, in the current study,
beer in particular had a positive impact on verbal work-
ing memory, a finding that may be related, in addition to
its alcohol content, to the fact that beer is a rich source of
type B vitamins, minerals, and antioxidants (Brenner
et al. 2001).

Both models showed that the use of the com-
puter and the engagement in social activities pos-
itively influenced spatial and verbal working mem-
ory discrimination. Likewise, hobbies and cultural
activities benefited spatial working memory. How-
ever, because cultural activities greatly diminish
with advancing age, the mediating effect of this
variable on memory did not reach positive values.
Note that all these activities were currently per-
formed by the participants, suggesting that the
maintenance of highly demanding activities seems
crucial for working memory performance. More-
over, activities that were significant mediators in
the models essentially involved working memory
processes, indicating that the continuous use of
working memory benefits its functionality. There
is evidence that mentally and socially active indi-
viduals perform better in general cognitive assess-
ments and have reduced risk of suffering from

dementia (Fratiglioni et al. 2004); we now demon-
strate that working memory in particular benefits
from these activities.

Because some of our variables were assessed through
participants’ reports, one limitation of the study is the
possibility that the findings were affected by random
measurement errors due to participants’ inaccuracies.
This examination method was necessary to obtain infor-
mation on a wide range of variables. This is the case for
nutrient intake estimations obtained through the FFQ,
which relies on participants’ exactness in their food
consumption reporting, even though dietary consump-
tion is relativity stable, thereby reducing participant
inaccuracy. However, because the FFQ allows for the
examination of dietary intake over a period of 1 year, it
is more suitable to examine the effects that nutrients may
have on memory because their influence is the conse-
quence of long-term dietary exposure, information on
which is not available through other precise methods
that only provide short-term intake information. Obser-
vational studies, such as this study, have the disadvan-
tage that participants’ responses may not be genuine due
to social desirability bias; however, this method has the
advantage of allowing the assessment of individuals in
real-life situations. Moreover, the estimation of the ef-
fects of numerous factors on memory, as in the present
study, may only be suitable through observational
methods. Another limitation is that SEM analyses only
indicate whether the models fit and supported by the
data are plausible, but this does not mean that themodels
are correct or true. Despite this disadvantage, SEM has
the power to identify influential factors within several
predictors because it accounts for all possible relation-
ships among the variables included in the model.

The models allow the identification of factors that
have enough power to affect spatial and verbal working
memory when they interact together, as they do in real
life. The indirect effects of each mediator and the joint
effects of all mediators significantly accounted for the
effects of age on spatial and verbal working memory.
However, these effects were low in comparison with the
direct effect of age on each type of memory. The models
include predictors from four main fields: factors that
describe individual characteristics such as education,
cognitive integrity, and metamemory awareness; vari-
ables that represent physical or physiological traits (BMI
and MAP); factors that express consumption habits
(palmitic and stearic fatty acids, processed food, tobac-
co, alcohol and beer); and mediators that illustrate
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individual activities (the use of the computer and the
engagement in hobbies and cultural and social
activities).

Several of the factors (BMI, MAP, and the intake of
palmitic and stearic fatty acids, processed food, alcohol
and beer) mediate the effects of age on working memory
indirectly through the cardiovascular system, which con-
sequently influences brain resources. However, some
mediators also (palmitic acid, stearic acid, alcohol and
beer consumptions) or exclusively (cigarette consump-
tion) have direct effects on brain function. The models
distinctly reveal that working memory functionality is
directly influenced by its customary usage through sev-
eral activities involving working memory mechanisms
(computer use, hobbies, cultural and social activities)
and cognitive control processes (metamemory: capacity
and anxiety). Likewise, cognitive integrity in all areas
and years of education provide support for the mitigation
of the effects of age on working memory.
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