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Obijective: This study investigated the effects of a 16-week aerobic exercise program on
inflammatory markers and cognitive function in patients with type 2 diabetes mellitus
(T2DM). Methods: Forty participants were randomly assigned to either an exercise group
engaging in supervised moderate-intensity aerobic training (50-70% heart rate reserve) three
times weekly or a control group receiving standard care. Inflammatory biomarkers (TNF-a,
IL-6, CRP) were measured using ELISA assays, while cognitive performance was assessed
through standardized neuropsychological tests evaluating working memory, attention, and
executive function. Results: The exercise group demonstrated significant reductions in
inflammatory markers, with TNF-a decreasing by 34.2%, 1L-6 by 34.6%, and CRP by 37.8%
compared to minimal changes in controls. Cognitive assessments revealed clinically
meaningful improvements, including a 12.4% enhancement in working memory accuracy
and 25.8% greater efficiency in executive function tasks. Mediation analysis indicated that
IL-6 reduction accounted for 38% of working memory improvement, while metabolic
benefits (0.7% HbA1c reduction and 2.3% body fat decrease) contributed to 25% of cognitive
gains. Conclusion: These findings suggest that moderate-intensity aerobic exercise
simultaneously ameliorates systemic inflammation and enhances cognitive performance in
T2DM patients, likely through both direct anti-inflammatory effects and indirect metabolic
improvements. The results support incorporating structured aerobic exercise into diabetes
management protocols to address both metabolic and cognitive aspects of the disease. Future
research should explore the durability of these benefits and potential synergistic effects with
other interventions.
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Extended Abstract

Introduction

Type 2 diabetes mellitus (T2DM) represents
a growing global health challenge
characterized by chronic hyperglycemia and
systemic inflammation, both of which
contribute to the development of cognitive
impairment. Emerging evidence suggests that
the pro-inflammatory state in T2DM, marked
by elevated levels of cytokines such as TNF-
a, IL-6, and CRP, may accelerate
neurodegenerative processes and impair
cognitive function through multiple pathways
including blood-brain barrier disruption,
neuroinflammation, and cerebral
microvascular damage. While
pharmacological interventions remain the
cornerstone  of diabetes management,
increasing attention has been focused on the
potential of non-pharmacological
approaches,  particularly  exercise, to
modulate both metabolic and cognitive
outcomes. Aerobic exercise has
demonstrated anti-inflammatory effects in
various populations, but its specific impact
on the inflammation-cognition axis in T2DM
remains incompletely understood. This study
aimed to investigate the effects of a 16-week
supervised aerobic exercise program on
inflammatory biomarkers and cognitive
performance in middle-aged adults with
T2DM, while exploring potential mediators
of these relationships including glycemic
control, body composition, and
cardiovascular fitness.

Methods

We conducted a randomized controlled trial
with parallel-group design at a tertiary care
diabetes center. Forty participants (aged 40-
60 years) with established T2DM were
randomly assigned to either an aerobic

exercise group (n=20) or a control group
(n=20) receiving standard care. The exercise
intervention  consisted of  supervised,
progressive aerobic training (50-70% heart
rate reserve) performed three times weekly
for 16 weeks, incorporating treadmill
walking, stationary cycling, and elliptical
training to enhance adherence and
physiological adaptation. Sessions included
10 minutes of warm-up, 40 minutes of
aerobic exercise, and 5 minutes of cool-
down, with intensity monitored using Polar
H10 heart rate monitors. Inflammatory
markers (serum TNF-a, IL-6, and CRP) were
measured using high-sensitivity ELISA
assays, while cognitive function was assessed
through a comprehensive neuropsychological
battery including the n-back test (working
memory), Stroop test (attention), and Tower
of London test (executive function).
Secondary outcomes included HbAlc, body
composition (via bioelectrical impedance),
and cardiorespiratory fitness (VO2peak).
Statistical analyses employed intention-to-
treat principles using mixed-effects models to
account for repeated measures and potential
covariates.

Results

The 16-week aerobic exercise program
yielded significant improvements across
multiple outcome measures. Inflammatory
markers showed substantial reductions in the
exercise group compared to controls: TNF-a
decreased by 34.2% (95% CI: 28.6-39.8), IL-
6 by 34.6% (95% CI: 29.1-40.1), and CRP by
37.8% (95% CI: 32.4-43.2). These changes
were significantly greater than the minimal
fluctuations observed in the control group (all
p<0.001 between-group). Cognitive
assessments revealed clinically meaningful
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improvements in the exercise group, with
working memory  (n-back  accuracy)
increasing by 12.4% (95% CI. 9.8-15.0),
attention (Stroop reaction time) improving by
14.7% (95% CI: 11.2-18.2), and executive
function (Tower of London moves)
becoming 25.8% (95% CI: 21.3-30.3) more
efficient. Control participants showed no
significant cognitive changes. Mediation
analyses indicated that reductions in IL-6
accounted for 38% of the variance in working
memory improvement ($=0.62, p<0.001),
while reductions in HbAlc and body fat
percentage mediated 25% and 22% of overall
cognitive improvements, respectively. The
exercise group also demonstrated significant
metabolic  benefits including a 0.7%
reduction in HbAlc (p<0.001) and 2.3%
decrease in body fat (p=0.002), along with a
12.5% improvement in VO2peak (p<0.001).
Adherence to the exercise protocol was
excellent at 89.5%, with no adverse events
reported.

Discussion

The current study provides compelling
evidence that moderate-intensity aerobic
exercise can simultaneously ameliorate
systemic inflammation and  enhance
cognitive function in individuals with T2DM.
Our findings extend previous research by
demonstrating that these benefits emerge
within 16 weeks and are mediated through
both inflammatory and metabolic pathways.
The observed 34-38% reduction in
inflammatory  markers is  particularly
noteworthy, as it exceeds the effects reported
in shorter-duration studies and approaches
the magnitude achieved by some anti-
inflammatory medications. The temporal
pattern of inflammatory reduction, with
maximal changes occurring between weeks
8-12, suggests that sustained exercise
exposure may be necessary to overcome the
pro-inflammatory milieu characteristic of

T2DM. The cognitive improvements
documented in our study are clinically
significant, as the 12.4% enhancement in
working memory performance exceeds the 7-
9% threshold considered meaningful for
daily functioning in this population.

The strong association between IL-6
reduction and working memory improvement
supports the inflammatory hypothesis of
cognitive dysfunction in diabetes, wherein
chronic low-grade inflammation may disrupt
hippocampal neurogenesis and prefrontal
cortical function. Our findings align with
emerging neuroimaging evidence showing
exercise-induced increases in hippocampal
volume and cerebral blood flow in T2DM.
The metabolic improvements (reduced
HbAlc and body fat) likely contributed to
cognitive  benefits  through ~ multiple
mechanisms including decreased formation
of advanced glycation end-products,
improved cerebrovascular function, and
enhanced insulin signaling in the brain. The
multimodal nature of our exercise program
(combining treadmill, cycling, and elliptical
training) may have provided broader
physiological stimulation than single-mode
regimens, potentially explaining our more
robust results compared to previous studies.

Conclusion

This randomized controlled trial
demonstrates that a 16-week supervised
aerobic exercise program can significantly
reduce systemic inflammation and improve
multiple domains of cognitive function in
adults with T2DM. The observed benefits
appear mediated through both direct anti-
inflammatory effects and indirect metabolic
improvements, supporting the use of
structured aerobic exercise as an adjunct
therapy in diabetes management. The
magnitude of cognitive enhancement
suggests potential for meaningful impacts on
daily functioning and diabetes self-
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management capabilities. These findings
have important clinical implications given
the growing recognition of cognitive
dysfunction as a diabetes complication that
undermines treatment adherence and
glycemic control. Future research should
investigate whether combining aerobic
exercise with cognitive training or anti-
inflammatory diets yields additive benefits,
and explore the durability of these effects
over longer follow-up periods. Healthcare
providers should consider incorporating
supervised  exercise  programs into
comprehensive diabetes care plans to address
both metabolic and cognitive aspects of the
disease.
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