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Executive functions are among the first cognitive abilities to decline with age and
age-related executive function slowing predisposes older adults to cognitive
disorders and disease. Intermittent Lifestyle Physical Activity (ILPA) reflects
brief, unplanned activity that occurs during routine daily activities and is
operationalized as activity bouts <60s. Our understanding of short bouts of
habitual physical activity and executive functions is limited. We tested the
hypothesis that greater amounts of ILPA in moderate and vigorous intensity
domains would be associated with better executive function in older adults.
Forty older adults (26 females, 68 ± 6, >55 years; body mass index: 26.6 ±
4.3 kg/m2) completed a Trail-Making-Task and wore an activPAL 24-hr/day for
6.2 ± 1.8-days. For each intensity, total time and time spent in bouts <60 s
were determined. Trail A (processing speed) and Trail B (cognitive flexibility)
were completed in 25.8 ± 8.2 s and 63.2 ± 26.2 s, respectively. Non-parametric
Spearman’s rank correlations report that moderate ILPA (3.2 ± 3.2 min/day) and
total-moderate physical activity (20.1 ± 16.0 min/day) were associated with
faster Trail A (total-moderate physical activity: ρ=−0.48; moderate-ILPA:
ρ = −0.50; both, p < 0.003) and Trail B time (total-moderate physical activity:
ρ=0.36; moderate-ILPA: ρ=−0.46; both, p < 0.020). However, the results show
no evidence of an association with either vigorous physical activity or light
physical activity (total time or ILPA bouts: all, p > 0.180). Moderate physical
activity accumulated in longer bouts (>60 s) was not associated with Trail B time
(p =0.201). Therefore, more total moderate physical activity and shorter bouts
(<60 s) may result in better executive functions in older adults.
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Introduction

It is well-established that cognitive decline is a critical health risk to the

aging population, with ∼50% of adults ≥85 years old exhibiting evidence of cognitive

impairments (1). Cognitive decline is initially characterized by the deterioration of

executive functions, which are a set of cognitive processes encompassing skills such as
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working memory, cognitive flexibility, planning, and regulating

behavior (2). Worsening executive function is recognized as an

early predictor for many neurological conditions, including

dementia and Alzheimer’s disease (3, 4). There is increasing

support for regular physical activity as a useful strategy for

slowing this cognitive decline, specifically in older adults (5).

Our understanding of the impact between the intensity and

duration of physical activity with executive functions in older

adults is unclear but could prove useful in helping guide

strategies that prevent the development of cognitive damages

associated with age.

The World Health Organization physical activity guidelines

recommend that adults >65 years old accumulate at least

150 min of moderate-to-vigorous physical activity per week (6).

Habitual physical activity refers to daily leisure activities

conducted at home or work (7). While laboratory-based studies

have demonstrated that engaging in aerobic exercise training

improves cognition (8), considerably less is known about the

impact of free-living or real-world activity on cognitive aging. In

middle-aged and older adults, higher self-reported physical

activity was associated with an attenuated decrease in processing

speed with age (9). Similarly, increased habitual self-reported

physical activity was associated with a decreased decline in

executive function in older adults with Alzheimer’s disease (7).

However, the influence of habitual activity, and specifically the

intensity of free-living activity, on executive functions in healthy

older adults remains understudied.

Strategies to help individuals incorporate more, moderate and

vigorous intensity activity as part of their day-to-day life have

been promoted. These include concepts such as “exercise snacks”

and intermittent lifestyle physical activity (ILPA). Exercise snacks

refer to brief (i.e., ∼60 s), planned periodic bouts of physical

activity throughout the day to replace a singular longer duration

(10). Exercise snacking has been associated with improved

physical function and balance in pre-frail older adults (11),

muscle function in healthy older adults (12), and cardiovascular

fitness in young adults (13). Although practically similar, ILPA

reflects brief and unplanned bouts (<60 s) of physical activity of

varying intensity integrated into an individual’s daily routine

(14). ILPA is a relatively novel concept in physical activity

research, but preliminary findings suggest that more vigorous-

ILPA may contribute to a reduction in all-cause (15), cancer-

specific, and cardiovascular disease mortality (16, 17). We have

previously documented that more time spent in moderate

physical activity was associated with better cognitive flexibility

and greater oxygenation of the prefrontal cortex during a Stroop

Task (18). However, the impact of physical activity patterns

and ILPA intensity on executive function is unclear. While

epidemiological research documents a favorable impact of

vigorous-ILPA on mortality (16, 17), it is unclear whether light-

or moderate-intensity ILPA may also be linked with health

benefits or whether more time spent engaging in ILPA leads to

cognitive benefits in older adults.

The main objective of this study was to determine the

relationship between ILPA with executive function as assessed via

a Trail-Making-Task in cognitively healthy older adults. It was
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hypothesized that more time spent in moderate-ILPA or

-vigorous-ILPA would be associated with faster reaction times on

the Trail-Making-Task.
Methods

Participants

This cross-sectional study recruited 40 older adults, >55 years

(26 female) from the Acadia University Active Aging program.

A sub-sample (n = 32) of the activity monitor data have been

previously presented (18). However, the ILPA and Trail-Making-

Task outcomes were not presented. This study answers a novel,

independent research question. In the absence of a well-informed

effect size, an estimated moderate effect size (r = 0.50), a bivariate

correlational model calculated that a minimum of 29 participants

were needed assuming a two-tailed, α = 0.05 and β = 80% power

(19). Participants had no physical limitations to exercise and a

resting blood pressure <140/90 mmHg and resting heart rate

<100 beats/min. All participants were healthy and had normal-

to-corrected vision. None of the participants had a history of

neurological or psychiatric disorders, color blindness, surgery with

general anesthesia during the previous 6 months, involuntary

tremors, epilepsy or drug/alcohol problems. Some participants

were taking medications for hypothyroidism (Synthroid, n = 4)

and high blood pressure (Teveten, n = 1 and Adalat XL, n = 1).

Participants were excluded if they scored <25 out of 30 on the

Mini-Mental State Examination (average: 29.4 ± 1.2). Research

Ethics Board approval was obtained from Dalhousie University

and Acadia University. Participants were informed of the methods

and study design verbally and in writing before providing written

informed consent.
Anthropometrics and Trail-Making-Task
measurements

Height and weight were measured using a calibrated

stadiometer and physician’s scale (Health-O-Meter, McCook Il,

USA) to the nearest 0.5-cm and 0.1-kg respectively. Body mass

index was calculated as body mass (kg) ÷ height (m)2.

The Trail-Making-Task is a widely recognized and validated

cognitive assessment tool used in research (20). Participants

completed both parts of the test: Part A (Trail A) and Part B

(Trail B). Part A assess processing speed and involves

participants drawing connecting lines between numbers in

ascending order. Participants were instructed to, “Please take the

pencil and draw a line from one number to the next, in order.

Start at 1 [point to the number], then go to 2 [point], then go to

3 [point], and so on. Please try not to lift the pen as you move

from one number to the next. Work as quickly and accurately as

you can” (21). Emphasis was placed on both speed and accuracy.

Participants were encouraged to correct any errors, and the total

time required to complete the task was recorded in seconds. Part

B of the Trail-Making-Task (Trail B) evaluated cognitive
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flexibility and switching ability. Participants were given the same

instructions as in Trail A but had to alternate between numbers

in ascending order and letters in alphabetical order (1-A-2-B-3-

C, etc.). The time required to complete Trail B was also

measured in seconds.

Before administering the standardized version of the test,

participants were provided with a brief practice trial to familiarize

themselves with the task requirements. This practice trial was

given prior to each part of the test to ensure that participants

understood the instructions and could perform the task accurately.
TABLE 1 Participant descriptive characteristics, habitual posture, and
physical activity outcomes.
Free-living activity monitoring

The activPAL inclinometer (V3, Pal Technologies LTD.

Glasgow, UK) was used to objectively measure physical activity

and sedentary time. The activPAL is a valid measure of free-

living posture (22) and physical activity (23). All participants

wore the activPAL 24-h/day for 5–7 days (6.2 ± 1.8 days) based

on previous wear time recommendations (24). The activPAL was

waterproofed and secured using a nitrile finger cot and a

transparent medical dressing to the midline of their right thigh,

one third of the way between the hip and knee (25).

The raw activPAL data were exported into PAL analysis

(version 5.8.5) for data processing, this program produced a

range of activity summaries, including an events and a 15s epoch

file. Further processing of these summaries was conducted using

a customized MATLAB program (MathWorks, Portola Valley,

CA, USA) that produced daily averages of time awake, standing

time, and sedentary time. An additional, openly available,

LabVIEW (National Instruments, Austin, TX, USA) program

determined time spent in each physical activity intensity via step

rate thresholds determined based on body mass index (26).
Variable Participant (n = 40)
Age (years) 68 ± 6 (56–83)

Sex (males, females) 14, 26

Height (cm) 165.3 ± 9.8 (146.0–183.0)

Weight (kg) 71.2 ± 13.7 (41.0–107.0)

Body mass index (kg/m2) 26.6 ± 4.3 (19.4–40.6)

MMSE (score/30) 29.4 ± 1.2 (26–30)

Step count (steps/day) 9,203 ± 3,439 (3,772–19,694)

Sedentary time (hours/day) 9.1 ± 1.6 (2.6–10.7)

Standing time (hours/day) 6.3 ± 1.4 (3.5–11.5)

Light physical activity-total (min/day) 93.0 ± 29.5 (35.3–155.4)

Total-moderate physical activity (min/day) 20.1 ± 16.1 (0.2–70.9)

Vigorous physical activity-total (min/day) 2.4 ± 3.1 (0.1–12.9)

Light physical activity duration ≥60 s (min/day) 22.1 ± 14.5 (4.1–67.5)

Moderate physical activity duration ≥60 s (min/day) 16.9 ± 15.2 (0.0–69.0)

Vigorous physical activity duration ≥60 s (min/day) 2.1 ± 2.9 (0.1–12.7)

Light-ILPA duration (min/day) 70.9 ± 22.8 (31.2–120.7)

Moderate-ILPA duration (min/day) 3.2 ± 3.2 (0.05–13.6)

Vigorous-ILPA duration (min/day) 0.3 ± 0.7 (0.03–2.9)

Light-ILPA frequency (bouts/day) 363.0 ± 115.3 (8.9–617.6)

Moderate-ILPA frequency (bouts/day) 24.0 ± 19.1 (1.4–83.3)

Vigorous-ILPA frequency (bouts/day) 17.3 ± 6.9 (1.7–42.1)

Data presented as means ± SD (range).

SBP, systolic blood pressure; DBP, diastolic blood pressure; MMSE, mini-mental

state exam.
Intermittent lifestyle physical activity

The activPAL provides an Events XYZ.csv file, which classifies

raw acceleration counts into postural activities (i.e., sedentary,

standing, or stepping) and includes timestamps of activity, tri-

axial acceleration profiles, and the duration of each postural bout.

Another customized LabVIEW bout-cadence program was

created to calculate time spent in various intensities of physical

activity. Sixty-second bouts were chosen based on the definition

provided in a previous ILPA study (14). Using body mass index-

tailored step rate thresholds (27), the program sorted through the

Events XYZ file to categorize stepping bouts as light physical

activity, moderate physical activity, or vigorous physical activity

from the average cadence recorded via the activPAL and the bout

duration. Light physical activity was characterized as anything <

108.2 ± 2.4 steps/min, moderate physical activity as anything

between 108.2 ± 2.4 and 134.5 ± 4.6 steps/min, and vigorous

physical activity was anything >134.5 ± 4.6 steps/min. The program

exported a.csv summary file which included daily totals of the

frequency and duration (in minutes) in light physical activity,

moderate physical activity, and, vigorous physical activity for <60-s
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bouts, ≥60-s bouts, and all bouts. ILPA is classified as short bouts

<60 s, bouts ≥60 s used for exclusively longer physical activity,

total physical activity includes both short and long bouts.
Statistical analysis

All data were assessed for normality using a Shapiro-Wilk test

and data were analyzed using non-parametric statistical tests.

Specifically, the relationship between each physical activity

intensity vs. Trail A and Trail B completion times were analyzed

using Spearman’s Rank correlations. Interactions between each

ILPA intensity with age or sex were determined for both Trail A

and Trail B times. Exploratory analyses indicated no significant

interactions were observed (age × ILPA: all, p > 0.15; sex × ILPA:

all p > 0.06), indicating that correlational analyses can be

conducted on the pooled sample and that neither sex nor age

moderated this relationship in this specific study. All statistics

were completed in SPSS Version 28.0 (IBM, NY). Statistical

significance was accepted as p < 0.05. All data are presented as

means ± standard deviations.
Results

Data from 40 older adults (26 females) with an average age of

68 ± 6 years (56–83), a body mass index of 26.6 ± 4.3 kg/m2,

average heart rate of 69 ± 10 beats/min, an average systolic blood

pressure of 124 ± 11 mmHg and diastolic blood pressure of 71 ±

9 mmHg were included in the current study (Table 1).
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FIGURE 1

Relationships between trail A completion time with moderate intermittent lifestyle physical activity (moderate-ILPA) duration (A), moderate physical
activity duration (B), and between trail B completion time vs. moderate-ILPA duration (C) and moderate physical activity duration (D). Relationships
were determined via Spearman’s Rank Correlations. Data are presented for n= 40.

MacDonald et al. 10.3389/fspor.2024.1393214
Participants accumulated 9.1 ± 1.6 h/day of sedentary time and

6.3 ± 1.4 h/day of standing time. The completion times for Trail

A and Trail B were 25.8 ± 8.2 s and 63.2 ± 26.2 s, respectively.

Total-moderate physical activity, moderate-ILPA, and exclusively

longer bouts (≥60 s) of moderate physical activity were engaged

in for an average of 20.1 ± 16.0 min/day, 3.2 ± 3.2 min/day and

16.9 ± 15.2 min/day, respectively. Light physical activity, on

average, was engaged in for 6.5% of the day, moderate physical

activity for 1.4% of the day and vigorous physical activity for

0.02% of the day.

More time spent engaged in total-moderate physical activity

and moderate-ILPA were associated with faster Trail A (total-

moderate physical activity: ρ =−0.48; moderate-ILPA: ρ =−0.50;
both, p < 0.003) and Trail B completion times (total-moderate

physical activity: ρ =−0.36; moderate-ILPA: ρ =−0.46; both,

p < 0.020) (Figure 1). In contrast, time spent in moderate physical

activity bouts lasting ≥60 s (16.9 ± 15.2 min/day) was negatively

correlated with Trail A completion time (ρ =−0.38 p = 0.02), but

not with Trail B (ρ =−0.21 p = 0.20). As seen in Figures 2, 3,

neither total- or ILPA for vigorous or light physical activity, were

associated with Trail A or Trail B performance (all, p > 0.18).
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Discussion

The purpose of this study was to examine the relationship

between intensity based ILPA durations and executive function

in cognitively healthy older adults. Consistent with our

hypothesis, more time spent in total-moderate physical activity

and moderate-ILPA was associated with faster completion times

on both Trail conditions. However, unexpectedly, vigorous-ILPA

was not associated with Trail task performance (Figure 3).

Studying the associations between physical activity intensity and

executive function is of importance with advancing age, as

individuals become more susceptible to cognitive decline. The

findings of this study provide support for the beneficial impact of

brief periods of moderate physical activity on executive function

in older adults that may enhance cognitive well-being and

positions easy-to-do activity as an important part of healthy

cognitive aging.

A decline in executive function is an early predictor for a range

of neurological conditions (3). Our study demonstrated that both

moderate-ILPA and total-moderate physical activity were

associated with higher processing speed (Trail A) and cognitive
frontiersin.org
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FIGURE 2

Relationships between trail A completion time with light intermittent lifestyle physical activity (light-ILPA) duration (A), light physical activity duration
(B), and between trail B completion time vs. light-ILPA duration (C) and light physical activity duration (D). Relationships were determined via
Spearman’s Rank Correlations. Data are presented for n= 40.
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flexibility (Trail B). In contrast longer bouts (≥60 s) of moderate

physical activity were not associated with Trail B performance.

These findings demonstrate that the association of faster reaction

times and thus, a more favorable executive function with physical

activity is primarily associated with ILPA (<60s bouts), not

exclusively longer bouts (>60 s). The relationship with both Trail

A and Trail B indicates that moderate physical activity may be

beneficial for both lower-level (e.g., processing speed) and

higher-order cognitive processes (e.g., cognitive flexibility). It is

important to note that while the results indicate that moderate

ILPA may be beneficial, total moderate physical activity showed

the same benefits. Therefore, this study is adding to the previous

literature as it is well established that moderate physical activity

can improve cognition, however, short bouts (ILPA) have been

understudied. These observations are encouraging as brief

periods of moderate physical activity may be more feasible to

conduct than longer bouts. Furthermore, engaging in higher

intensity physical activity is often more difficult for some older

adults (28). Walking is the most common form of physical

activity among older adults (29) and brisk walking is typically

conducted at a moderate intensity (∼100–110 steps/min) (30).

Therefore, the present observations may inform the design of

future movement interventions for older adults that target

improvements in executive function.
Frontiers in Sports and Active Living 05
Increased physical activity is associated with improved

cognitive function and decreased cognitive decline with age for

older adults with, and without impairment (31). Research has

found an association between objectively measured higher

intensity physical activity and better cognitive function, however,

there was no association found between increased total

physical activity duration and increased cognitive function (32).

Additionally, increased self-reported physical activity intensity

was associated with reduced cognitive decline in older men (33).

Accordingly, it may not be longer total duration of physical

activity, but rather, higher intensity that is important. The

prefrontal cortex is recognized as the key structure for executive

function (34) and it has been demonstrated that physical activity

increases both blood oxygenation (35) and arousal (36) in the

prefrontal cortex. Furthermore, it has been demonstrated that

engaging in more moderate physical activity is linked to

preserving volume of the dorsolateral prefrontal cortex with age,

compared to those who are insufficiently active (37).

Accordingly, the relationships observed may be due to the

positive impact of moderate-ILPA on brain structures associated

with executive function. Other research indicates that more

physical activity increases levels of brain-derived neurotrophic

factor, which is associated with improved brain function and

plasticity (36). In addition to these prefrontal cortex processes
frontiersin.org
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FIGURE 3

Relationships between trail A completion time with vigorous intermittent lifestyle physical activity (vigorous-ILPA) duration (A), vigorous physical
activity duration (B), and between trail B completion time vs. vigorous-ILPA duration (C) and vigorous physical activity duration (D). Relationships
were determined via Spearman’s Rank Correlations. Data are presented for n= 40.
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and improved neuroplasticity, exercise has demonstrated the potential

to reduce neuroinflammation, which plays a role in the development

of neurological disorders with declining executive function, such as

Alzheimer’s (38). All factors mentioned could explain the

mechanistic links between ILPA and executive function, and the

protective nature of exercise on cognitive health. Future work

incorporating these mechanistic measures are warranted.

As reported with the World Health Organization guidelines,

moderate-to-vigorous physical activity is recommended for

improved health in older adults (6). Our results are consistent with

this, as our average for total moderate physical activity was

approximately 150 min/week, and more total moderate physical

activity was associated with faster completion times for both Trail

A and B tasks. While moderate-ILPA only represented 1.4% of

participants daily time, it was also associated with faster completion

times on both tasks, as such, future interventional research on

increasing moderate-ILPA is warranted. While the specific amount

of moderate-ILPA that translates to cognitive benefits are unclear,

more moderate-ILPA in general is associated with executive

function. Vigorous physical activity was not associated with either

of the Trail-Making-Tasks. It should be noted that in our
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participants, the duration of vigorous physical activity was much

lower than that of moderate and light physical activity, thus, the

minimal range of time spent in vigorous physical activity may be

insufficient to reveal a correlational relationship. Additionally, the

moderate-ILPA data has a much larger variance, which is beneficial

for correlational analysis, compared to the vigorous-ILPA data (see

Figures 1, 3). Interventional models aimed at promoting better

executive functions among cognitively healthy older adults should

consider moderate physical activity, and specifically studying the

impact of integrating more brief periods of moderate physical

activity into their lifestyle on cognitive outcomes.

The primary limitation of the study is its cross-sectional design

and therefore cannot determine causality. However, the work is

important in directing future intervention studies and applies

novel objectively measured activity outcomes. Our participants

were cognitively healthy older adults, and our observations may

not be extrapolated to adults with cognitive impairments who

may be less active (39). In these populations, there is a possibility

that more light physical activity or less sedentary time may be

useful for individuals with cognitive impairments. The definition

for older adults being >55 or >65 years is ambiguous, additionally,
frontiersin.org

https://doi.org/10.3389/fspor.2024.1393214
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


MacDonald et al. 10.3389/fspor.2024.1393214
these results may not be generalized to older adults above the age of

85. This study did not investigate the mechanistic links of the

pathways that might explain the association between ILPA and

executive function, or the specific type of physical activity

conducted by participants. However, our study is strengthened by

its consideration of ILPA, a novel approach to physical activity,

and its relationship with executive functions in older adults. Our

observations provide valuable insights to a relatively understudied

perspective regarding the most optimal physical activity intensity

and pattern for healthy cognition.

Among cognitively healthy older adults, engaging in more

moderate-ILPA and more total-moderate physical activity was

associated with faster completion times in the Trail-Making-Task,

indicating better executive function. Given that impairments in

executive functions are the initial characteristics of cognitive

decline, strategies that investigate the impact of- and promote

more brief periods of moderate physical activity, may be easy to

integrate as lifestyle behaviors that improve cognitive health.
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