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Abstract: Regular physical activity is a key modulator of healthy aging, yet its multidomain
effects on cognition, functional independence, and physical capacity remain understudied in
North African populations. This study investigated the effects of a six-month structured walking
program on cognitive performance, functional independence, and cardiorespira-tory endurance
in older Tunisian adults. A quasi-experimental study with a matched pairs design was
conducted. Fifty two adults (mean age: 70.98 + 4.55 years; 26 per group) participated in a six-
month walking program held three sessions per week. Cognitive function was assessed with the
Digit Symbol Substitution Test (DSST), functional independence with the Lawton Instru-mental
Activities of Daily Living Scale (IADL), cardiorespiratory endurance with the Six Minute Walk
Test (6MWT), and perceived exertion with the Borg Scale. Assessments were conducted at
baseline (T1), three months (T2), and six-month (T3). The exercise group showed significant
improvements in DSST scores (p < 0.001; n?p = 0.561), IADL scores (p < 0.001; n?p = 0.816), and
6MWT distance (p < 0.0001; n?p = 0.927). Perceived exertion decreased significantly (p < 0.001;
n?p = 0.126), reflecting cadiovascular adaptation. The control group showed no significant
changes. Strong positive correlations emerged between DSST, IADL, and 6MWT scores at T2 and
T3 (all p <0.001). A structured six-month walking program significantly improves cognitive
function, functional independence, and physical endurance in older Tunisian adults. These
findings support the integration of walking-based interventions into routine health strategies for
aging populations.

Keywords: walking program; cognitive function; functional independence; physical endur-
ance; aging; older adults; quasi-experimental
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1. Introduction

Regular physical activity, particularly walking, produces well-documented bene-
fits for physical and mental health. It is an accessible, low-cost intervention that im-
proves well-being and quality of life across the lifespan, and especially for older adults.

The World Health Organization (WHO) classifies physical inactivity as a leading
risk factor for global morbidity and mortality, linking it to cardiovascular diseases,
type 2 diabetes, and certain cancers [1]. Conversely, moderate activities such as walk-
ing reduce the risk of chronic diseases and increase lifespan [2]. WHO guidelines rec-
ommend at least 150 minutes of moderate intensity physical activity per week, or 75
minutes of vigorous activity [3]. The relationship between exercise and cardiovascular
risk follows a curvilinear dose response pattern, with vascular benefits that depend on
training frequency, intensity, volume, and modality [4].

Walking offers practical advantages over other exercise forms. It requiresno spe-
cialized equipment or prior knowledge, making it easy to incorporate into daily rou-
tines [5]. Even 30 minutes of walking at a steady pace each day can produce meaningful
health improvements [6]. Physiologically, regular walking enhances cardiovascular ca-
pacity, increases oxygen efficiency, reduces resting heart rate, strengthens muscles, im-
proves bone density, and supports healthy body weight [7], [8]. These gains extend to
mental health, with consistent evidence that regular physical activity alleviates anxiety,
depression, and stress [9].

The relationship between walking and cognitive function in aging populations
has received substantial research attention. Epidemiological data suggest that regular
physical activity slows cognitive decline and improves performance across cognitive
domains in healthy older adults [10]. Proposed biological mechanisms include in-
creased cerebral blood flow, neurogenesis, and the release of neurotrophic factors sup-
porting synaptic plasticity and neuronal health [11].

A key concern in aging research is the ability to perform activities of daily living
(ADL). Maintaining these tasks is vital for independence and quality of life. With ag-
ing, the performance of activities such as dressing, cooking, and managing finances
may decline, increasing the risk of dependency [12]. Walking based interventions
have shown positive effects on ADL performance, helping older adults maintain mo-
bility and independence [13]. Despite a growing body of evidence, older Tunisian
adults have not been examined in this context. We hypothesized that participation in
a structured six-month walking program would improve cognitive performance, func-
tional independence, and cardiorespiratory endurance compared with usual activity.
Both objective and subjective measures were included to provide a comprehensive as-
sessment of the health benefits of regular walking. We hypothesized in this study that
participation in a structured six-month walking program would improve cognitive
performance, functional independence, and cardiorespiratory endurance compared
with usual activity.

2. Materials and Methods

2.1. Ethical Approval

This study was conducted in accordance with the Declaration of Helsinki and

received ethical approval from the South Tunisian Committee for the Protection
of Individuals (CPP SUD N° 0477/2023). Written informed consent was obtained from
all participants prior to enrollment. This quasiexperimental study is reported following
the TREND (Transparent Reporting of Evaluations with Nonrandomized Designs)
statement [14].

2.2. Study Design and Participants

A quasiexperimental design with two matched groups (exercise and control) was
used. Data collection commenced in June 2022 at the Department of Sports and Tech-
nology, University of Sfax, Tunisia.

Participants were recruited from a retirement home in Gafsa, Tunisia. A total of
52 older adults were enrolled in the study (15 men and 11 women per group; n =26 per
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group; mean age: 70.98 + 4.55 years). A matched pairs allocation procedure was used
to ensure baseline comparability between groups. Participants were first stratified by
sex and then matched according to the closest values of age ,body weight, height, and
body mass index (BMI). Matching was performed by the research team prior to group
allocation. Within each matched pair, one participant was assigned to the exercise
group and the other to the control group. Baseline equivalence was confirmed statisti-
cally (all p > 0.05; Table 1). Outcome assessors responsible for 6MWT, IADL, and DSST
measurements were blinded to participants group allocation. A priori power analysis,
based on expected effect sizes from comparable walking interventions (Cohen’s d = 0.8
for cognitive outcomes), indicated that 24 participants per group were sufficient to
achieve 80% statistical power at ot = 0.05. The final allocation of 26 per group provided
a buffer against attrition.

Inclusion criteria: age 60-80 years; physically inactive (< 30 min moderate activ-
ity/week over the preceding 6 months); non-smoker; non-drinker; educational attain-
ment below high school level. Exclusion criteria: disability; severe osteoarthritis; cog-
nitive impairment (MMSE < 24); metal implants; hypertension; prior cardiac surgery;
poorly controlled diabetes; use of antihyperlipidemic, antihypertensive, or antihyper-
glycemic medications. Of 70 candidates screened, 18 were excluded. Participants were
instructed to avoid additional physical activity throughout the study period (Figure

1).
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Figure 1. Study design and linked model of functional adaptation. Fifty two older Tunisian
adults (N = 52, MMSE > 24) were enrolled and matched into the Intervention Group (structured
walking program, three sessions per week, progressive duration) and the Control Group (stand-
ard care, baseline activities maintained). Outcome assessments were conducted at three time
points: pre test (M1), mid test (M3), and post test (M6). Primary outcomes included cardiorespir-
atory endurance (6MWT), psychomotor speed and cognitive flexibility (DSST), and functional
independence (IADL). The linked model illustrates the anticipated interconnected improve-
ments across all three domains following the six-month intervention.

2.3. Exercise Protocol The exercise group completed a six-month walking pro-
gram, three sessions per week, conducted outdoors in the mornings. Attendance was
recorded at each training session. All the participants were present at every session
throughout the intervention period, with no missed sessions or dropouts reported.

Each session began with warm up stretching followed by 30 minutes of walking
at moderate intensity. Intensity was regulated using the Borg Perceived Exertion Scale
[15], targeting a rating of 11-13 (“light” to “somewhat hard”). This ensured the pro-
gram remained safe and appropriately challenging for each participant. The control
group maintained their usual daily routines. Full adherence was observed across both
groups.
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2.4. Outcome Measures

All assessments were conducted by trained staff using standardized protocols at
T1, T2, and T3.

Six Minute Walk Test (6MWT). The 6MWT assessed functional cardiorespiratory
capacity by measuring the distance walked in six minutes on a flat 30-metre course,
following ATS guidelines [16]. It is a validated measure of endurance in older adult
populations.

Digit Symbol Substitution Test (DSST). The DSST evaluated psychomotor
speed, sustained attention, visuospatial skills, and cognitive flexibility [17]. A printed
key pairs nine symbols with digits 1-9. Participants filled 140 blanks with correspond-
ing symbols within 120 seconds. The score is the number of correct responses.

Instrumental Activities of Daily Living (IADL). The Lawton IADL scale assessed
the ability to perform tasks necessary for independent living, including managing fi-
nances, meal preparation, and household maintenance [18]. It is widely used in geriat-
ric and functional assessment contexts.

Borg Perceived Exertion Scale. The Borg Scale (range: 6-20) was used during ses-
sions to regulate training intensity [18]. It was also administered at each testing time
point as a secondary outcome to track perceived effort adaptation across the program.

2.5. Statistical Analysis

Data are presented as mean * standard deviation. The Shapiro Wilk test verified
normality of the distribution. Repeated measures ANOVA compared 6MWT, DSST,
IADL, and Borg scores across time points and between groups. Effect sizes are reported
as partial etasquared (n?p): values of > 0.01, = 0.06, and > 0.14 reflect small, medium,
and large effects, respectively. Significant time by group interactions were followed by
Bonferroni corrected post hoc comparisons. Spearman rank correlations assessed asso-
cations between DSST, IADL, and 6MWT at each time point, reported for the pooled
sample (N = 52). The significance threshold was p < 0.05. All analyses were performed
using SPSS version 26.0 (IBM Corp., Armonk, NY, USA).

3. Results

Baseline characteristics of both groups are presented in Table 1. No significant
between group differences were found for any variable, including MMSE scores (exer-
cise: 24.38 = 0.50; control: 24.55 + 1.10; p = 0.45).

Table 1. Baseline characteristics of study participants (mean + SD or n). No significant be-
tween group differences were observed at baseline (p > 0.05 for all variables).

Variable All (N =52) Exercise (n = 26) Control (n = 26) p value
Age (years) 70.98 +4.55 70.73 +4.96 7123 +4.19 0.69
Weight (kg) 71.07 +9.66 70.65 +11.93 71.50 + 6.88 0.75
Height (m) 1.72+0.12 1.72+0.13 1.72+0.11 0.98
BMI (kg/m?) 23.86+2.18 23.67 +2.75 24.04+1.75 0.55
MMSE score 24.46 +0.82 24.38 +0.50 24.55+1.10 0.45
Female, n 22 11 11 1.00
Male, n 30 15 15 1.00

Six Minute Walk Test ((MWT). As shown in Figure 2A, the control group’s
6MWT distance remained stable (T1: 402.57 + 4.36 m; T2: 402.30 + 4.29 m; T3: 402.38 +
4.45 m; p = 0.87). The exercise group showed a progressive and significant increase (T1:
401.53 +3.60 m; T2: 447.50 + 8.10 m; T3: 495.30 + 11.03 m; p < 0.0001; n?p = 0.927). At T3,
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the exercise group walked significantly further than controls (495.30 + 11.03 m vs.
402.38 + 4.45 m; p <0.001).

Instrumental Activities of Daily Living (IADL). IADL scores in the control group
showed no significant change (T1: 22.07 +0.39; T2: 21.96 + 0.44; T3: 21.88 + 0.32; p=0.78;
Figure 2B). The exercise group demonstrated a significant progressive improvement
(T1: 22.07 + 0.39; T2: 24.38 + 0.85; T3: 26.53 + 0.64; p < 0.001; n?p = 0.816). At T3, the
exercise group scored significantly higher than controls (26.53 + 0.64 vs. 21.88 + 0.32; p
<0.001).

Digit Symbol Substitution Test (DSST). DSST scores in the control group re-
mained stable (T1: 46.38 + 2.97; T2: 46.03 + 3.14; T3: 46.26 + 3.00; p = 0.96; Figure 2C).
The exercise group showed a significant and progressive improvement (T1: 45.00 +
3.00; T2: 50.26 + 2.86; T3: 58.92 + 4.25; p <0.001; n?p = 0.561). At T3, the exercise group
significantly outperformed controls (58.92 + 4.25 vs. 46.26 + 3.00; p < 0.001).

Borg Perceived Exertion. Control group Borg scores showed no significant
change (T1: 12.98 + 1.76; T2: 12.85 + 2.04; T3: 12.77 + 1.99; p = 0.449). The exercise group
showed a significant progressive decrease (T1: 12.88 + 0.32; T2: 11.23 + 0.43; T3: 10.69 =
0.61; p < 0.001; n?p = 0.126; Figure 2D), indicating progressive cardiovascular adapta-
tion to training load.
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Figure 2. Effects of the six-month walking program on performance outcomes at T1 (base-
line), T2 (3 months), and T3 (6 months) in the exercise group (EG, n =26) and control group (CG,
n=26). (A) Six Minute Walk Test (6MWT) distance in metres; (B) Instrumental Activities of Daily
Living (IADL) scores; (C) Digit Symbol Substitution Test (DSST) scores; (D) Borg Perceived Ex-
ertion ratings. * p < 0.05, significant difference between EG and CG at the same time point; #
significant difference between consecutive measurement times within EG. Error bars represent
standard deviation. Changes in functional and cognitive outcomes from baseline (T1) to post
intervention (T3). Significant time x group interactions were observed for all outcomes in 52 par-
ticipants (EG: n =26, CG: n =26). IADL scores: F(1,50) = 580.65, p <.001, n?p = .921, mean differ-
ence=4.62, 95% CI [4.23, 5.00]. 6MWT scores: F(1,50) =973.03, p <.001, n?p = .951, mean difference
=94.04, 95% CI [87.98, 100.09]. Borg Scale scores: F(1,50) = 201.03, p <.001, n?p = .801, mean dif-
ference = -2.15, 95% CI [-2.46, -1.85]. DSST scores: F(1,50) = 238.09, p < .001, n?p = .826, mean
difference = 13.81, 95% CI [12.01, 15.61]. Mean differences represent EG minus CG change
scores (T3-T1).
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3.1. Correlation Analysis

Correlation results for all time points are presented in Table 2 and summarized
in Table 3. At T1, a moderate positive correlation was found between IADL and 6MWT
scores (r =0.379, p = 0.006). This association strengthened markedly by T2 (r = 0.831, p
<0.001) and remained robust at T3 (r =0.835, p < 0.001). DSST scores showed a moder-
ate correlation with 6MWT at T2 (r = 0.468, p = 0.001), which intensified at T3 (r=0.765,
p< 0.001). IADL and DSST scores correlated moderately at T2 (r = 0.564, p < 0.001),
strengthening to r = 0.822 at T3 (p < 0.001). A visual summary is provided in Figure 3.

The negative correlations between DSST at T1 and 6MWT at T2 (r = -0.324, p =
0.021) and T3 (r = -0.302, p = 0.031) in the pooled sample represent a between group
artifact. The control group entered with marginally higher mean DSST scores (46.38 vs.
45.00) but showed no 6MWT improvement, while the exercise group produced the
largest GBMWT gains. Pooling both groups creates a spurious inverse pattern that does
not reflect a true within group negative association.

Table 2. Spearman correlation matrix for 6t MWT, IADL, and DSST scores at T1, T2, and T3
(pooled sample, N = 52). Bold values indicate statistical significance. * p < 0.05; ** p < 0.01; *** p
<0.001.

Variable 6MWT.T1 6MWT.T2 6MWT. T3 IADL.T1 IADL.T2 IADL.T3 DSST.T1 DSST.T2 DSST.T3
6MWT.T1 1.000
-0.122
6MWT.T2 1.000
(0.390)
-0.174
6MWT.T3 0.958*** 1.000
(0.218)
-0.020 0.045
IADL.T1 0.379** 1.000
(0.888) (0.752)
-0.097 -0.052
IADL.T2 0.831***  (.830*** 1.000
(0.493) (0.714)
-0.167 -0.044
IADL.T3 0.835***  (.835*** 0.915***  1.000
(0.237) (0.757)
0.047 0.097  -0.154 -0.104
DSST.T1 -0.324*  -0.302* 1.000
(0.744) 0498)  (0.282) (0.467)
-0.115 0.008
DSST.T2 0.468***  (0.489*** 0.564***  0.601***  0.484***  1.000
(0.421) (0.957)
-0.078 -0.055 0.095
DSST.T3 0.753***  (.765*** 0.785***  0.822%** 0.788***  1.000

(0.588) (0.700) (0.508)
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Table 3. Summary of key Spearman correlations between DSST, IADL, and 6MWT by time
point. Bold values indicate statistically significant associations. ** p < 0.01; *** p <0.001; ns = not

significant.
Variable 6MWT.T1 6MWT.T2 6MWT.T3 IADL.T1 IADL.T2/T3
TADL.T1 0.379%*
IADL.T2 0.831%***
IADL.T3 0.835%%*
DSST.T1 ns -0.097 (ns)
DSST. T2 0.468*** 0.564***
DSST.T3 0.765%** 0.822%**
Correlation Heatmap for MWT, IADL, and DSST Scores
o 0.8
= 0.379%*
3~ p=0.006
<
[ 0.831%*
ar p<0.001 -0.6
<
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p<0.001
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Figure 3. Correlation heatmap of Spearman coefficients between 6MWT, IADL, and DSST
scores at T1, T2, and T3 (pooled sample, N = 52). Colour intensity reflects the magnitude and
diretion of each association. ** p < 0.01; *** p < 0.001.

4. Discussion

This study provides compelling evidence that a six-month walking program, eval-
uated within a quasiexperimental design, significantly benefits older Tunisian adults
across physical, cognitive, and functional domains. The 6MWT improvement in the
exercise group (n?p = 0.927) is consistent with prior work by Sawada et al. [19] and
Pucci et al. [20], both demonstrating that structured walking programs improve endur-
ance, mobility, and cardiovascular function in older adults. Normative 6(MWT data for
communitydwelling adults aged 61-70 years report mean distances of 387—487 m [21,
29]. The exercise group’s T3 performance (495.30 m) exceeded this upper bound, indi-
cating a clinically meaningful gain.
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The improvement in IADL scores (n?p = 0.816) aligns with findings from Ver-
straeten et al. [22] and Baltasar Fernandez et al. [23] , who demonstrated the value of
regular exercise in preserving daily functioning and reducing frailty. These results re-
inforce walking’s practical role for maintaining autonomy in aging populations.

Cognitive gains in the exercise group (n?p = 0.561) are consistent with results from
Firth et al. [24], who found that regular aerobic exercise increases hippocampal volume
and improves memory and executive function. Elkhooly et al. [25] confirmed in a meta
analysis that aerobic activity produces significant improvements in processing speed
and memory. These studies suggest that physical activity supports neuroplasticity and
stimulates brain derived neurotrophic factor (BDNF) secretion, contributing to cogni-
tive health in aging populations.These findings align with preventive rehabilitation
principles, highlighting walking as a low-cost strategy for preservation of functional
independence and prevention of functional decline in older adults. The intervention
supports rehabilitation-oriented ageing strategies aimed at maintaining autonomy and
reducing disability burden.

The progressive decrease in Borg scores (n?p = 0.126) in the exercise group (12.88
at T1 to 10.69 at T3) is consistent with observations by D’Onofrio et al. [8] and the foun-
dational work of Borg [18]. As cardiorespiratory fitness improves, perceived effort at
the same absolute workload decreases. This confirms genuine physiological condition-
ing rather than a motivational or placebo effect.

The correlation data provide mechanistic insight. The IADL 6MWT correlation
rose from 0.379 at baseline to 0.835 at T3, visualized in Figure 3. Chavoix et al. [26]
reported analogous associations between walking capacity and cognitive function,
supporting a shared neuromotor substrate. The IADL DSST relationship (r = 0.822 at
T3) indicates that gains in daily living skills and cognitive function coevolved during
the program. Li et al. [27] demonstrated parallel gains in cognitive and functional per-
formance following high intensity interval walking, further supporting this finding.

Taken together, these results support the use of moderate intensity walking for
improving both physical and cognitive health in older adults. The findings align with
broader evidence for combined physical and cognitive training to optimize outcomes
in aging [28]. This study provides the first multi domain exercise evidence from older
Tunisian adults.

Limitations

The sample was relatively small (n = 52), constraining generalizability to larger or
more diverse populations. Future studies should target larger samples with greater
demographic variation.

The study used matched pair allocation rather than computer generated random-
ization. Although this produced well balanced groups at baseline (Table 1), it does not
fully eliminate selection bias. A fully randomized design would provide stronger
causal inference.

Potential confounders, including diet, sleep quality, psychological stress, and in-
formal physical activity outside the structured program, were not controlled.

Perceived exertion was measured with the Borg Scale, a validated but inherently
subjective instrument. Objective measures such as heart rate monitoring or VO, peak
assessment would provide a more precise index of cardiorespiratory adaptation.

The MMSE inclusion criterion (> 24) restricted the sample to cognitively intact in-
dividuals. The findings may not extend to older adults with mild cognitive impairment
or dementia, who may require adapted exercise protocols.

Finally, the six-month observation window captured short term gains. Long term
follow up is required to determine whether benefits persist and translate into clinically
meaningful endpoints such as reduced hospitalization or delayed cognitive decline.
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5. Conclusions

This quasiexperimental study demonstrates that a structured six-month walking
program significantly improves cognitive function, functional independence, and car-
diorespiratory endurance in older Tunisian adults. The large effect sizes for 6MWT
(m?p = 0.927) and IADL (n?p = 0.816), alongside the moderate effect for DSST (1)?p =
0.561), confirm the clinical and practical relevance of these gains. The progressive
strengthening of correlations between DSST, IADL, and 6MWT underscores the inter-
connected nature of cognitive and physical adaptation during sustained exercise train-
ing. These findings contribute the first multi domain exercise data from older Tunisian
adults and support the wider evidence base for walking based interventions. Future
research should examine the long term durability of these effects and explore com-
bined physical cognitive training protocols in larger, more diverse cohorts.
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