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Abstract

Background: Physical activity (PA) is widely associated with improved cognitive function, including memory, in older
adults. However, the extent to which this relationship varies across age groups and is influenced by other health and lifestyle
factors remains unclear. This study examined the association between physical activity levels and self-reported memory
problems in adults aged 50 to 85 years, using a nationally representative dataset to assess the relationship between physical
activity levels and self-reported memory problems in adults aged 50 to 85 years, stratified by age groups.
Methods: This exploratory cross-sectional study used the NHANES 2005-2006 dataset. The relationship between memory
problems and activity levels was assessed across middle-aged (50–64 years) and elderly (65–85 years) groups. Multivariate
analysis was adjusted for potential confounders, and age was tested as an effect modifier.
Results: Among 3,277 participants, 22% were classified as less active. In unadjusted analyses, less active individuals had
significantly higher odds of memory problems in both the middle-aged (OR = 2.15; 95% CI: 1.27–3.63; p = 0.004) and
elderly groups (OR = 1.67; 95% CI: 1.01–2.75; p = 0.042). These associations were attenuated and no longer statistically
significant after adjusting for confounders. Sleep disorders were significantly associated with memory problems in both age
groups, while depression and lower education were significant only in the elderly.
Conclusion: While physical activity shows a potential protective association with memory problems—particularly in
middle-aged adults—this relationship appears to be influenced by other health and lifestyle factors. Age-specific interventions
that address sleep quality, mental health, and education may be more effective in supporting cognitive health in older
populations.
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Introduction

Memory, a domain of cognitive function, is the capac-
ity to store information, which is vital for learning
and survival (Zlotnik & Vansintjan, 2019). Memory is
influenced by various factors throughout a person’s
lifespan, particularly aging (Zlotnik & Vansintjan,
2019). Risk factors for memory problems and cogni-
tive decline include family history and aging. It is
well documented that the ability to remember tends
to decline with aging and is related to a change in
anatomical brain structure, such as a decrease in the
size of the hippocampus and frontal cortex (O’shea
et al., 2016). However, potentially modifiable factors,
such as diet, physical activity, and social engagement,
are non-pharmacological strategies that can be used
to prevent a premature memory decline and stabi-
lize or enhance cognition (De la Rosa et al., 2020;
Dominguez et al., 2021). Lifestyle changes during the
pre-symptomatic stages of cognitive impairment may
delay progression to a more severe condition, such
as dementia, in one-third of cases (De la Rosa et al.,
2020).

Physical activity (PA) has been extensively studied
due to its favorable relationship with physical and
mental health (Mammen & Faulkner, 2013). Lately,
there is robust evidence that it protects higher cog-
nitive function, such as memory. Regular physical
activity has been associated with slower cognitive
decline and better memory performance (Mammen
& Faulkner, 2013). It has also been found in younger
populations that PA improves memory and enhances
cognitive attributes, resulting in a delay in the on-
set of memory problems at later stages in life (Tian
et al., 2022). According to de Souza-Talarico et al.
(2007), in older adults, PA has been linked with im-
provements in working memory, especially in those
who regularly exercise. There is also a connection
between exercise and its depression-reducing quality,
with recent studies starting to mitigate how exercise
can help in cognitive decline brought about by this
mental condition (Schuch & Stubbs, 2019).

Although physical activity has been associated
with enhanced memory in both younger and older
adults, less attention has been paid to whether this
relationship extends across the entire lifespan or if
critical periods exist where the association between
physical activity and memory plays a particularly
significant role. Given the consistent evidence that
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episodic memory in older adults rapidly declines af-
ter about 60–65 years (Nyberg et al., 2012), there is
a gap in understanding how physical activity might
influence memory in the aging population before
and after this threshold. The current study assessed
the relationship between physical activity levels and
memory problems across different age ranges. This
age range allows us to infer the potential of physical
activity as a protective factor against memory prob-
lems in different age groups and to examine various
factors that may contribute to its protective effect
against memory problems in older adults.

Materials and Methods

Study Design and Database Details

This exploratory cross-sectional study was con-
ducted from July to October 2024 and analyzed
data from NHANES 2005-2006. Participants aged
20 to 85 years were included, and information
on diet, physical activity, environmental expo-
sures, chronic conditions, and lifestyle factors
were provided. Resources from the National
Center for Health Statistics (NCHS) are available
at http://www.cdc.gov/nchs/nhanes.htm. Further
exclusions for incomplete covariate data resulted in
a final sample of 3,277 subjects.

Participants were grouped by age: 20–49 years,
50–64 years, and 65 years and older, based on
the cognitive and morphological changes that are
presented in the different age ranges (Murman, 2015;
Nyberg et al., 2012). Studies show the same type
of categorization into young adulthood, middle
adulthood, and old adulthood (Kraal, 2021; Stern et
al., 2019).

The primary analysis assessed the relationship
between memory problems and exercise levels across
the three age groups, after adjusting for potential
confounders in the multivariate analysis. The final
model included age group as an effect modifier, and
the model fit was tested against the multivariate
model.

Outcomes and Exposures

The main outcome was memory problems or
confusion, which participants reported as either "yes"
or "no." The primary exposure was physical activity
level, categorized as "less active" and "equally active
or more active" compared to others of the same age.
Potential confounders included gender, education,
sleep disorders, depression, stroke history, and
alcohol use. Educational levels were classified into
three categories: less than high school, high school
graduate, and some college or higher. Diagnosed
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Figure 1: Participant selection flow chart.

sleep disorders and stroke history were recorded
based on the participants’ reports. Depression was
assessed using the Patient Health Questionnaire-9
(PHQ-9), with scores ranging from 0 to 27; higher
scores indicate more severe depression symptoms.
Alcohol use was defined as consumption of at least
12 drinks per year.

Statistical Analysis

Descriptive statistics included mean and stan-
dard deviation for continuous variables and
frequency and percentage for categorical variables.
Univariate logistic regression was used to estimate
the odds ratio (OR) of memory problems among
physically active participants across age groups.
For multivariate analysis, covariates were added
to assess the relationship between memory issues
and exercise levels, with adjustment for potential
confounders. The final model incorporates age
group as an effect modifier. To evaluate the models,
Akaike Information Criterion (AIC) and Bayesian
Information Criterion (BIC) were used. Statistical
significance was set at p < 0.05 for all analyses
conducted using STATA 18BE software (StataCorp,
College Station, TX, USA).

Results

Sample Characteristics

A total of 3,277 participants were included,
with baseline characteristics in Table 1. Participants
were classified based on their physical activity levels
compared to their peers; 22.1% were less active, and
77.8% were more active or at the same level. Memory
problems were observed in 8.45% of the participants
who reported experiencing memory problems.

Unadjusted Model

In the unadjusted analysis, participants less
physically active aged 20–85 presented 32% higher
odds of memory problems compared to active ones
(95% CI: 1.01–1.70, p = 0.042). Less active elderly
individuals had 67% higher odds (95% CI: 1.02–2.75,
p = 0.043), while among the middle-aged individuals,
the OR was 2.15 times higher (95% CI: 1.28–3.63, p =
0.004). (Figure 2)

Adjusted Models

In the adjusted model with a focus on the 50–64
years old group, less active individuals had 76%
higher odds of memory issues (95% CI: 0.95–3.26, p
= 0.071). Sleep was the only significant confounder
in this age group (p < 0.001). For the elderly aged
65–85 years, participants who were less active had
74% the odds of having memory problems (95%
CI: 0.92–3.28, p = 0.087). Important confounders in
this age group were sleep disorders (p < 0.001) and
depression level (p < 0.05). Stroke history, gender,
and alcohol consumption did not show significant
association with memory in both age groups.

Testing for age groups as an effect modifier, less
active middle-aged people showed approximately
twice the odds of presenting memory issues (OR =
2.15; 95% CI: 1.04–4.43, p = 0.039). This association
was not significant for less active elderly (OR =
2.00; 95% CI: 0.96–4.19, p = 0.06). The probability of
memory problems in older age groups is shown in
Figure 3.

Testing for the fitness of the models, including
age as an effect modifier, yields AIC and BIC values
of 1707.45 and 1786.68, respectively. These are
compared to the model without effect modification
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Table 1: Baseline characteristics of the participants.

for the middle-aged group (AIC: 385.80; BIC: 431.65
respectively) and the elderly group (AIC: 475.53; BIC:
521.32 respectively).

Discussion

This study demonstrated that lower PA levels are
significantly associated with memory problems
among adults aged 50–85 years, with the strongest as-
sociation observed in the middle-aged group. These
findings align with previous research indicating that
PA slows cognitive decline and improves memory
(Mammen & Faulkner, 2013). The pronounced
association in middle-aged individuals suggests
that this period represents a critical window for
the protective effects of PA, warranting further
investigation. PA during early and mid-adulthood
independently resulted in better memory levels
and slower memory decline in later life. In early
adulthood, PA indirectly benefits later-life memory
through higher mid-adult stage (Kraal, 2021).

The univariate analyses revealed that less active
middle-aged and elderly individuals presented
higher odds of memory issues. These findings
support the effect of physical exercise on preventing
memory problems. Maintaining moderate PA
levels can protect memory (Craik, 2012), and
regular PA significantly reduces cognitive decline
(Mammen & Faulkner, 2013), improves memory
functions (Ruscheweyh et al., 2011), and promotes

hippocampal plasticity. It has been demonstrated
that aerobic exercise increases cortical thickness
and brain-derived neurotrophic factor (BDNF),
enhancing neurogenesis and memory throughout a
lifespan (Cassilhas et al., 2016; Stern et al., 2019); also,
it increases gray and white matter in the prefrontal
cortex and temporal lobe, supporting executive
control and spatial memory (Erickson et al., 2011).

The diminished association in the elderly group
may be a result of a ceiling effect of age-related
neurodegeneration, where the benefits of physical
activity are limited by underlying neuropathology or
comorbidities. Alternatively, this may reflect reverse
causality, wherein individuals with early cognitive
symptoms are less likely to engage in regular
physical activity. Given the cross-sectional design of
this study, we cannot determine the directionality of
the observed relationships.

PA is associated with episodic memory improve-
ment, particularly in older adults (Moutoussamy
et al., 2022). Participants aged 50–64 years with
lower PA levels were more likely to report memory
problems, although this difference was not statis-
tically significant. The association was weaker in
participants aged 65 years and older, which may be
due to accelerated memory decline and factors such
as undiagnosed dementia, stress, and hypertension
(Nyberg et al., 2012; Murman, 2015). Episodic
memory and mental flexibility decline rapidly
between ages 60 and 65, possibly diminishing
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Figure 2: Odds ratio of having memory problems among less active older adults in adjusted and unadjusted models.

Figure 3: Probability of having memory problems among less active adults in the adjusted model with age as an effect modifier.

exercise’s protective effects in this group.
Our study identified sleep disorders as an im-

portant confounder in older adults. This finding is
consistent with a previous study (Schuch & Stubbs,
2019), which found that poor mental health and
sleep quality accelerate cognitive decline. Education
level is significantly linked to memory problems in
the elderly, and also corresponds to epidemiologic
studies on sociodemographics, which have found
that higher education levels are associated with
better memory (de Souza-Talarico et al., 2007; Stern,
2012). The association between depression and
memory problems in elderly individuals found in
this study is consistent with a previous study (Yin et
al., 2024).

This study has limitations due to its cross-sectional
design, reliance on subjective self-reports, and the
absence of validated tools. The lack of dementia
diagnosis data further restricts the interpretation
of the results. Future longitudinal studies with
validated tools and diverse populations are needed
to confirm these findings. Other factors, such as

dietary habits and metabolic syndrome, which were
not included in the dataset, may further influence
memory outcomes (Moreira et al., 2022), which is
another limitation. The study’s strengths include
its large sample size and adjustments for sociode-
mographic factors, along with its novel focus on
age-specific PA effects. The results suggest that PA
interventions should be prioritized for middle-aged
individuals who showed the greatest risk reduction
for memory problems. For older adults, addressing
additional factors such as sleep quality, education
level, and depression may play a dominant role in
managing cognitive health.
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