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Abstract

Type 2 diabetes mellitus (T2DM) is a growing global health concern linked to sedentary
lifestyles and obesity. Physical activity is a key factor in prevention and management, yet
existing guidelines may not fully address the needs of physically active individuals.

This narrative review synthesizes data from randomized controlled trials, systematic reviews,
meta-analyses, and expert guidelines from the past 15 years. It focuses on the metabolic effects
of exercise and practical recommendations tailored to various activity levels.

Structured physical activity improves insulin sensitivity, lowers HbAlc, supports weight
control, and reduces cardiovascular risk. Combined aerobic and resistance training yields the
most consistent benefits. In active individuals, monitoring glucose levels, preventing
hypoglycemia, and adjusting training volume are essential. Digital tools and interdisciplinary
care can enhance adherence and safety.

Physical activity is a cornerstone of T2DM care. Individualized exercise strategies aligned with
fitness level and treatment needs can optimize outcomes. Future studies should focus on highly
active populations and technology-based interventions to support personalized, sustainable

exercise programs.

Keywords: physical activity, type 2 diabetes mellitus, prevention management, aerobic

exercise, resistance training, active populations, exercise, HbAlc

1. Introduction

Type 2 diabetes mellitus (T2DM) represents a leading public health challenge globally,
characterized by escalating prevalence, significant morbidity, and substantial socioeconomic
impact. According to projections by the International Diabetes Federation, over 537 million
adults were living with diabetes in 2021, with the majority being cases of T2DM. This figure is
expected to surpass 700 million by 2045, driven by increases in sedentary behavior, energy-

dense diets, and urbanization in both developed and developing countries [19]. T2DM is



associated with a broad spectrum of microvascular and macrovascular complications, which

collectively contribute to diminished quality of life and increased mortality.

Amid this growing epidemic, physical activity has emerged as a foundational, non-
pharmacological strategy for both the primary prevention and long-term management of T2DM.
Numerous pathophysiological mechanisms underlie its beneficial effects: regular physical
activity enhances peripheral insulin sensitivity, facilitates glucose uptake in skeletal muscle,
modulates adiposity, improves endothelial function, and exerts favorable effects on lipid
profiles and systemic inflammation [1, 15, 17]. Clinical trials and large-scale observational
studies consistently demonstrate that structured exercise interventions, including aerobic,
resistance, and combined modalities, significantly reduce the risk of incident T2DM and

improve metabolic control in individuals with established disease [2, 3, 4].

Despite well-documented evidence, existing guidelines often lack specificity for individuals
who are already physically active or engaged in high-frequency training regimens. These
populations may exhibit unique physiological responses and risk profiles, including
susceptibility to exercise-induced hypoglycemia, altered cardiovascular adaptations, or
differing thresholds of insulin sensitivity improvement [12, 21]. Consequently, there is a
pressing need to update and personalize current recommendations, taking into account the
distinct characteristics of physically active individuals, including recreational athletes and

fitness-oriented populations.

The objective of this review is to synthesize current, high-quality evidence concerning the role
of physical activity in the prevention and management of T2DM, with a focused lens on its
application to active populations. By integrating findings from randomized controlled trials,
cohort studies, position statements, and systematic reviews, this paper aims to provide a
clinically relevant, evidence-based framework to support the development of refined exercise
recommendations tailored to the metabolic and functional needs of physically active individuals

at risk for or living with T2DM.

2. Methods

This narrative review was conducted in accordance with established principles of evidence-
based synthesis, focusing exclusively on peer-reviewed literature that explores the relationship
between physical activity and type 2 diabetes mellitus (T2DM). The search strategy was

designed to capture a broad yet clinically relevant spectrum of studies, encompassing both



preventive and therapeutic aspects of physical exercise in the context of T2DM, with particular

attention to data applicable to physically active populations.
2.1. Literature Search Strategy

A comprehensive literature search was performed using three major electronic databases:
PubMed, Scopus, and Web of Science. The search was carried out using a combination of MeSH

2 ¢

terms and free-text keywords, including but not limited to: “type 2 diabetes”, “physical activity”,
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“exercise”, “prevention”, “management”,

9 ¢

aerobic training”, “resistance training”, and “active
populations”. Boolean operators (AND, OR) were used to optimize the search sensitivity and

specificity.
2.2. Inclusion and Exclusion Criteria

To ensure the scientific rigor and clinical applicability of the included sources, the following

inclusion criteria were applied:

e Studies focusing on the effects of physical activity on the prevention or management of
T2DM.

e Publications involving adult human populations (218 years).

e Studies reporting outcomes related to glycemic control, cardiovascular risk factors, in-
sulin sensitivity, or diabetes incidence.

e Articles written in English.

e Publication types limited to randomized controlled trials (RCTs), systematic reviews,

meta-analyses, expert consensus statements, or clinical guidelines.

While our primary eligibility focused on randomized controlled trials (RCTs), systematic
reviews, meta-analyses, expert consensus statements and clinical guidelines, we deliberately
broadened the scope for the prevention domain to also include large-scale prospective cohort
studies that met all other criteria. This adjustment reflects the practical reality that life-course
RCTs on incident type 2 diabetes are scarce, whereas high-quality cohort evidence constitutes

a cornerstone of current preventive guidelines.
The exclusion criteria comprised:

e Studies focusing primarily on type 1 diabetes mellitus or gestational diabetes.

e Non-peer-reviewed material (e.g., conference abstracts, letters, commentaries).



e Research involving pediatric populations or animal models.
2.3. Types of Evidence Included
This review incorporates data derived from high-level sources of medical evidence, including:

e Randomized controlled trials (RCTs) evaluating the efficacy of various exercise modal-
ities on metabolic and cardiovascular parameters in T2DM.

e Systematic reviews and meta-analyses summarizing the cumulative evidence regarding
exercise interventions in diabetes prevention and management.

e Official clinical guidelines and position statements issued by leading professional bod-
ies such as the American Diabetes Association (ADA) and the American College of

Sports Medicine (ACSM) [1, 5, 12].
2.4. Timeframe and Language

The majority of included publications were published within the last 15 years, with exceptions
made for historically significant studies that provided foundational evidence for the role of
physical activity in T2DM pathophysiology and intervention [3, 4]. All reviewed articles were
published in English.

3. Pathophysiology of Type 2 Diabetes and Role of Physical Activity

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder characterized by insulin
resistance in peripheral tissues and progressive B-cell dysfunction, resulting in chronic
hyperglycemia. Its pathogenesis involves genetic predisposition combined with environmental
and lifestyle factors, especially physical inactivity and excessive caloric intake. Insulin
resistance in skeletal muscle, adipose tissue, and liver leads to impaired glucose uptake,

increased hepatic gluconeogenesis, and dysregulated lipid metabolism [1, 19].

An important contributor to insulin resistance is the accumulation of fat within muscle and liver
cells, which triggers serine kinases and inflammatory pathways that disrupt insulin signaling.
Meanwhile, B-cell function - initially maintained through compensatory hyperinsulinemia -
deteriorates over time due to oxidative stress, lipotoxicity, and endoplasmic reticulum stress,

ultimately resulting in insufficient insulin secretion [19].



Physical activity exerts beneficial effects on these pathophysiological processes. Exercise
increases glucose uptake in skeletal muscle via insulin-dependent and insulin-independent
mechanisms, notably by stimulating GLUT4 transporter translocation to the cell membrane
during and after muscle contractions. It also improves insulin sensitivity in adipose tissue and
suppresses hepatic glucose production [1, 19]. Long-term exercise adaptations - such as
increased mitochondrial density, enhanced capillary perfusion, and altered adipokine secretion

- further contribute to better glycemic control [19].

Moreover, regular physical activity plays a key role in body-weight regulation by helping to
preserve - or even increase - lean muscle mass while reducing visceral fat, both of which
markedly enhance insulin action [19]. In addition, exercise interventions favorably influence
the lipid profile, lowering triglyceride concentrations and raising HDL-cholesterol levels,

thereby reducing important cardiovascular risk factors that commonly accompany T2DM [21].

Importantly, physiological responses to exercise may differ in people with T2DM compared
with those without diabetes. Patients often present with endothelial dysfunction, reduced
autonomic modulation of the heart and limited aerobic capacity, factors that can blunt acute and
chronic training adaptations [19, 20]. Despite these challenges, numerous studies confirm that
individuals with T2DM still obtain substantial benefits from regular exercise, especially when

training programmes are properly tailored to their clinical status and capabilities [12].

In summary, the role of physical activity in the pathophysiology of T2DM is both preventive
and therapeutic, targeting multiple metabolic and vascular pathways. As such, exercise should
be regarded not only as an adjunctive therapy but as a core component of diabetes management,

with specific attention to modality, intensity, and individual responsiveness.

4. Physical Activity in the Prevention of Type 2 Diabetes

Regular physical activity plays a fundamental role in the primary prevention of type 2 diabetes
mellitus (T2DM), with numerous high-quality epidemiological and interventional studies
confirming its effectiveness in reducing the incidence of the disease. Increased levels of habitual
physical activity have been consistently associated with a significantly lower risk of progression
from impaired glucose regulation to overt diabetes, particularly among individuals with
predisposing metabolic profiles [7, 8, 9]. The preventive effect appears to be dose-dependent,
with greater intensity, duration, and frequency of activity conferring stronger protective benefits

[2, 9].



Structured lifestyle interventions incorporating exercise have demonstrated a substantial
reduction in diabetes incidence among high-risk populations. Randomized controlled trials have
shown that combined strategies involving dietary changes and increased physical activity can
reduce the risk of developing T2DM by over 50% in individuals with impaired glucose
tolerance [3, 4]. Notably, the beneficial impact of such interventions persists over time,

indicating long-term metabolic adaptations beyond the duration of the structured programs [4].

Additionally, multicomponent lifestyle interventions, including healthy dietary patterns such as
the Mediterranean diet, have been associated with a significantly reduced risk of T2DM in
prospective cohort studies, further emphasizing the combined preventive potential of physical

activity and nutrition [11].

Both aerobic and resistance exercise modalities contribute meaningfully to the prevention of
T2DM through complementary mechanisms. Aerobic activity enhances cardiorespiratory
fitness, promotes lipid oxidation, and improves peripheral insulin sensitivity. Resistance
training, in turn, increases skeletal muscle mass and strength, improves basal glucose uptake,
and attenuates insulin resistance in both normoglycemic and dysglycemic individuals [15].
Clinical guidelines recommend a combination of these modalities, emphasizing at least 150
minutes per week of moderate-to-vigorous aerobic activity, alongside resistance training

performed on two to three days per week on non-consecutive days [1, 12].

Numerous studies have sought to identify the minimal effective dose of physical activity
required to confer a protective effect against type 2 diabetes mellitus (T2DM). Evidence
indicates that engaging in at least 150 minutes per week of moderate-intensity aerobic exercise,
or 75 minutes per week of vigorous-intensity activity, is associated with a clinically meaningful
reduction in diabetes risk [1, 12]. These thresholds reflect recommendations grounded in large-
scale observational cohorts and randomized trials that demonstrated a clear inverse dose—

response relationship between physical activity volume and T2DM incidence [2, 9].

Importantly, further benefits appear with higher volumes and intensities of exercise, though
even modest levels of increased activity, such as walking 30 minutes per day on most days of
the week, can substantially reduce diabetes risk in previously inactive individuals [3, 4].
Resistance training, when performed at least twice weekly, has also been shown to
independently improve insulin sensitivity and glucose metabolism, and to contribute to long-

term risk reduction [15].



Beyond structured exercise programs, an active daily lifestyle - characterized by reduced
sedentary time and frequent low-intensity movement - has emerged as an independent factor in
metabolic health. Epidemiological data suggest that individuals with higher baseline levels of
daily movement, even in the absence of formal training, demonstrate lower rates of T2DM onset
compared to sedentary individuals [6, 8, 10]. This supports the notion that the cumulative effect
of habitual physical activity across various domains - occupational, household, transportation-

related, and recreational - is relevant for diabetes prevention.

Nonetheless, structured training interventions typically elicit greater and more consistent
improvements in glycemic markers and cardiometabolic profiles, particularly in high-risk
populations [2, 4, 21]. Such interventions allow for precise control over exercise intensity,
progression, and adherence monitoring, which may be especially critical in individuals with
impaired glucose metabolism or multiple risk factors. Therefore, a dual emphasis on increasing
general physical activity throughout the day and incorporating regular, structured exercise

appears to offer the most robust protective effect against T2DM development.

5. Physical Activity in the Management of Established Type 2 Diabetes

In the therapeutic landscape of type 2 diabetes mellitus (T2DM), physical activity represents a
core component of comprehensive management, synergistically complementing
pharmacological treatment and medical nutrition therapy. Current clinical guidelines call for
incorporating physical exercise into individually designed treatment plans, recognising its
multifaceted role in improving glycaemic control, reducing cardiovascular risk and enhancing

overall functional capacity [1, 12].

Physical activity amplifies the effectiveness of antidiabetic medications by increasing insulin
sensitivity, stimulating insulin-independent glucose uptake and stabilising daily glucose
variability. These effects are particularly relevant in patients using insulin or insulin
secretagogues, as regular exercise can allow insulin-dose reductions while simultaneously

improving post-prandial and fasting glucose levels [1, 12].

Beyond glycemic control, physical activity exerts favorable effects on cardiometabolic health -
a critical consideration given that cardiovascular disease remains the leading cause of morbidity
and mortality in individuals with T2DM. Both aerobic and resistance training have been shown
to lower blood pressure, improve endothelial function, diminish systemic inflammation and

favourably modify the lipid profile by decreasing triglycerides and increasing HDL-cholesterol



[19, 21]. Even short-term aerobic training has been shown to improve endothelial function and
postprandial conduit artery blood flow in patients with T2DM, reflecting early vascular
adaptations to exercise [16]. These adaptations collectively contribute to a reduction in the risk
of macrovascular complications such as coronary artery disease and stroke, as well as

microvascular outcomes including nephropathy and retinopathy.

Long-term adherence to prescribed exercise programmes is associated with sustained
reductions in HbAlc, irrespective of body-weight change, indicating that physical activity

produces durable metabolic improvements in people with T2DM [15].

Regular physical activity is strongly associated with clinically meaningful reductions in HbAlc,
even in the absence of significant weight loss. Meta-analyses of randomised trials demonstrate
that aerobic, resistance and combined training can lower HbAlc by roughly 0.5-1.0 % - a
magnitude comparable with that of several glucose-lowering drugs [12, 21]. Moreover,
combining aerobic and resistance modalities is more effective than either alone in improving

glycaemic outcomes [15].

In addition to glycemic control, exercise contributes to modest but significant weight reduction,
particularly when coupled with dietary intervention. Resistance training is especially effective
in preserving or increasing lean body mass during caloric restriction, which enhances basal
metabolic rate and promotes fat loss [21]. Aerobic activity further supports weight management

by increasing energy expenditure and improving lipid oxidation [2].

Beyond measurable physiological outcomes, physical activity has been shown to significantly
improve health-related quality of life (HRQoL) in patients with T2DM. Exercise interventions
are associated with better self-rated health, enhanced physical function, reduced depressive
symptoms, and improved perceived well-being and vitality [14, 19]. These psychosocial
benefits are clinically relevant, as they may enhance adherence to therapy and facilitate long-

term self-management of the disease.

Despite its benefits, certain precautions must be observed when prescribing exercise for
individuals with T2DM. Patients with advanced neuropathy, proliferative retinopathy, or
cardiovascular disease require medical evaluation prior to initiating moderate to vigorous
training [1]. Particular attention should be paid to the risk of hypoglycemia, especially in

individuals treated with insulin or insulin secretagogues. Pre- and post-exercise blood glucose

10



monitoring may be necessary, and adjustments in medication or carbohydrate intake might be

indicated [12].

Additionally, footwear assessment and foot care education are essential for patients with
peripheral neuropathy to prevent injury. Exercise programs should be individualized, taking
into account comorbidities, functional capacity, and patient preferences, with a progressive

approach that emphasizes safety and long-term adherence [1, 12].

6. Specific Considerations for Active Populations

Although physical activity is a universally recommended component of type 2 diabetes mellitus
(T2DM) management, individuals with high levels of habitual or occupational exertion - such
as recreational athletes, physically active workers, or fitness professionals - may require
personalized exercise guidance. Standard recommendations, while broadly effective, may not
sufficiently address the unique physiological profiles and therapeutic challenges of this

subgroup.

Physically active individuals often surpass the minimal threshold of weekly exercise volume
recommended for glycemic control. While this typically yields favorable outcomes, it may also
increase the risk of glycemic instability, especially among those receiving pharmacologic
treatment that affects glucose metabolism. In particular, patients using insulin or sulfonylurea
derivatives are more susceptible to exercise-induced hypoglycemia, especially during

prolonged, intense, or fasted-state activity [1, 12].

To minimize this risk, self-monitoring of blood glucose (SMBG) is essential.Exercise is
considered safe when pre-activity blood glucose lies between 100 and 250 mg/dL. If levels fall
below this range, fast-acting carbohydrates should be ingested; conversely, when glucose
exceeds 250 mg/dL in the presence of ketones, exercise should be postponed [1, 12]. In
structured training regimens, strategic adjustments in insulin dosage, pre-exercise meal timing,

and intra-session carbohydrate intake may be required to maintain glycemic safety [12].

These considerations are particularly relevant in individuals with well-controlled T2DM, where
improved insulin sensitivity through regular training can paradoxically increase the likelihood
of hypoglycemic episodes. This phenomenon underscores the need for dynamic treatment
adjustment based on continuous assessment of exercise response, glycaemic variability and

each patient’s metabolic status [12].
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Accurate peri-exercise glucose monitoring is essential in individuals with type 2 diabetes
mellitus (T2DM), especially those receiving insulin or sulfonylureas. Self-monitoring of blood
glucose (SMBG) before, during, and after physical activity enables early identification of
hypoglycemic or hyperglycemic responses and facilitates prompt therapeutic adjustments [1,
12]. The use of continuous glucose monitoring (CGM) is particularly valuable in active patients,
as it allows for dynamic assessment of glycemic trends and improved safety during variable

training conditions [ 14].

Beyond metabolic safety, attention must be given to the training load and recovery in
individuals with T2DM who engage in frequent or high-intensity exercise. Excessive training
volume without adequate rest may lead to functional overreaching, characterized by increased
cortisol levels, impaired glucose tolerance, and diminished insulin sensitivity - paradoxical
effects that can negate the metabolic benefits of exercise [20]. Additionally, chronic stress and
autonomic imbalance associated with overtraining may exacerbate glycemic variability and

cardiovascular strain [21].

To address these risks, exercise programs for physically active individuals with T2DM should
incorporate structured periodization, balancing intensity, volume, and recovery to optimize both
performance and metabolic control. Individualized plans should consider training history,
glycemic response patterns, medication use, and overall health status. Involving an
interdisciplinary team - including a physician, exercise physiologist and diabetes educator -

enhances the safety, efficacy and individualisation of interventions [12].

In conclusion, while general exercise recommendations provide a strong foundation for
managing T2DM, active populations require individualized strategies that address the
complexity of their training demands and metabolic regulation. With proper monitoring,
education, and support, these individuals can safely achieve the therapeutic benefits of physical

activity without compromising glycemic stability or overall health.

7. Practical Guidelines and Recommendations

The implementation of structured physical activity remains a fundamental component of
comprehensive diabetes care. Clinical guidelines issued by major organizations - including the
World Health Organization (WHO), the American Diabetes Association (ADA), the European
Association for the Study of Diabetes (EASD), and the American College of Sports Medicine

12



(ACSM) - provide harmonized recommendations emphasizing the role of regular exercise in

the management and prevention of type 2 diabetes mellitus (T2DM).

These recommendations advocate for a minimum of 150 minutes per week of moderate-
intensity aerobic physical activity, performed on at least three days per week with no more than
two consecutive days without exercise. Alternatively, 75 minutes per week of vigorous-intensity
aerobic activity, or a combination of both, may be used to achieve similar metabolic benefits.
In addition, resistance training involving major muscle groups should be performed on two to
three non-consecutive days per week, as it confers independent benefits on glycemic control

and musculoskeletal health [1, 12].

Flexibility and balance exercises are also recommended, particularly in older adults, to reduce
fall risk and improve functional independence. Importantly, physical activity regimens should
be individualized, considering baseline fitness, comorbidities, and patient preferences, with

progressive adjustments over time [1, 12].
Exercise Prescription by Fitness Level
Beginner (Sedentary or Low Fitness)

e Acrobic: Walking at moderate pace (e.g., 5 km/h) for 20-30 minutes, 3—5 days per week.

e Resistance: Bodyweight or resistance band exercises (e.g., chair squats, wall push-ups)
performed in 1-2 sets of 10—15 repetitions, 2 times per week.

e (Goal: Establish routine, minimize sedentary behavior, and safely build exercise toler-

ance.
Intermediate

e Aerobic: Brisk walking, cycling, or swimming 30—45 minutes per session, 4—5 days per
week.

e Resistance: Machine-based or free-weight training, 2—-3 sets of 8—12 repetitions, 2—-3
days per week.

e Goal: Improve cardiovascular endurance, muscular strength, and glycemic control.

13



Advanced (Recreationally or Occupationally Active)

e Acrobic: Vigorous-intensity exercise (e.g., interval training, running) 30-60 minutes, 5—
6 days per week, with periodized training load.

e Resistance: Progressive strength training targeting all major muscle groups, 3—4 ses-
sions per week.

e Goal: Optimize insulin sensitivity, body composition, and performance while managing

glucose fluctuations.

Across all fitness levels, monitoring for signs of overtraining, hypoglycemia, and
cardiovascular symptoms is essential, especially in patients using medications with glycemic
impact. The inclusion of warm-up and cool-down periods, along with hydration and nutritional

strategies, enhances safety and exercise efficacy.

An effective physical activity program for individuals with type 2 diabetes mellitus (T2DM)
requires coordinated input from a multidisciplinary healthcare team. Optimal outcomes are
achieved when physicians, physiotherapists, qualified exercise specialists and clinical dietitians

collaborate to provide personalised, safe and evidence-based programmes [1, 12].

The physician plays a central role in medical clearance, identification of comorbidities, and
pharmacological management, including adjustments of antihyperglycemic medications in
response to changing exercise demands. The physiotherapist and exercise specialist contribute
to functional assessment, exercise prescription, supervision, and progression, ensuring
biomechanical safety and training efficacy. The dietitian integrates nutritional guidance with
the exercise plan, particularly by timing carbohydrate intake to physical effort and by
supporting weight-loss goals or energy-deficit strategies [12].

Accurate assessment and monitoring are critical to guide exercise prescription and evaluate

effectiveness over time. Commonly used tools include:

e Accelerometers and pedometers, which provide objective data on daily step counts and
activity intensity.
e Heart rate monitors and fitness trackers capable of estimating energy expenditure and

training load.

14



e Continuous glucose monitoring (CGM) systems, which offer valuable insight into gly-
cemic responses to physical activity, allowing for timely adjustments to both therapy
and exercise [14].

e Standardized questionnaires, such as the International Physical Activity Questionnaire
(IPAQ) or the Global Physical Activity Questionnaire (GPAQ), which are validated
tools for quantifying self-reported activity in clinical and epidemiological settings.

e Performance-based functional tests, such as the 6-minute walk test or sit-to-stand test,
are useful in assessing endurance and lower-limb strength, particularly in older adults

or individuals with limited capacity.

The integration of these tools into routine clinical practice facilitates personalization of training
plans, early detection of adverse responses, and long-term behavioral adherence, ultimately

enhancing glycemic outcomes and quality of life.

8. Limitations and Future Directions

Despite a substantial body of evidence supporting the role of physical activity in the prevention
and management of type 2 diabetes mellitus (T2DM), several limitations in the current literature
warrant consideration. Many interventional studies - especially randomised controlled trials -
show considerable heterogeneity in exercise protocols, differing in type, intensity, duration,
supervision and adherence monitoring [17, 19]. This methodological variability complicates
direct comparison between studies and limits the generalizability of findings to diverse patient

populations.

Another common limitation is small sample size, which reduces statistical power and the ability
to detect clinically meaningful effects across subgroups. Furthermore, short study durations
may fail to capture long-term outcomes, such as sustained glycemic control, incidence of
diabetes-related complications, or cardiovascular events. Although systematic reviews and
meta-analyses partly mitigate these issues through data synthesis, their conclusions remain

limited by the quality and consistency of the included studies [2, 19].

An additional concern relates to the underrepresentation of highly active individuals in most
studies. The majority of available data focuses on sedentary or moderately active participants,
limiting the applicability of current guidelines to recreational athletes, fitness enthusiasts, and
physically demanding occupational groups. Consequently, targeted research is needed in

populations with a high baseline activity level, including studies of training periodisation,

15



performance optimisation and specific metabolic adaptations to varying exercise intensities [12,

19].

Furthermore, few studies have evaluated the real-world implementation of physical-activity
programmes that use modern digital tools - such as wearables, tele-monitoring and mobile
health applications - which could increase adherence and enable real-time personalisation of
exercise regimens [14]. Future trials should incorporate ecologically valid designs, larger and
more diverse cohorts, and longer follow-up periods to better inform practice across

heterogeneous clinical and functional populations.

Finally, interventional studies that include interdisciplinary approaches - integrating physicians,
exercise professionals, and dietitians - remain sparse, despite their recognized value in clinical
guidelines. Addressing these research gaps is essential for optimizing therapeutic strategies and
translating evidence into effective, scalable interventions for individuals with T2DM at varying

levels of physical fitness.

An emerging and promising area of research involves the integration of digital health
technologies - including wearable devices, telemonitoring platforms, and mobile applications -
into physical activity interventions for individuals with type 2 diabetes mellitus (T2DM). These
tools offer unique opportunities for real-time data acquisition, feedback, and remote coaching,
thereby facilitating personalized and adaptive exercise prescriptions that can be monitored

outside of traditional clinical settings.

Wearable devices, such as fitness trackers and smartwatches, can objectively measure step
count, heart rate, energy expenditure, and sleep patterns. When integrated with mobile health
(mHealth) applications, they provide continuous feedback on physical activity behavior,
supporting goal setting and enhancing user engagement [14]. In individuals with T2DM, these
devices can be synchronized with continuous glucose monitoring (CGM) systems, enabling the
correlation of activity patterns with glycemic variability and guiding medication or dietary

adjustments [14, 21].

Telemonitoring and telecoaching platforms allow healthcare professionals to remotely monitor
adherence to exercise regimens and intervene when necessary. These technologies can be
particularly beneficial for patients in rural or underserved areas, or for those requiring frequent
follow-up but limited by transportation, mobility, or clinical resource constraints [14].

Preliminary studies indicate that technology-assisted interventions may improve physical
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activity levels, glycemic control, and self-efficacy, though long-term outcomes remain under

investigation.

Despite their potential, the clinical implementation of these tools faces several barriers,
including digital literacy disparities, cost, data privacy concerns, and integration with electronic
health records. Furthermore, most current studies are observational or pilot trials, often lacking
control groups or standardized protocols. Thus, high-quality randomized trials are needed to
establish the efficacy and scalability of these solutions across diverse populations and

healthcare systems.

Incorporating digital tools into routine diabetes care holds promise not only for enhancing
physical activity adherence but also for fostering sustained behavior change and empowering
patient self-management. Their appropriate use, guided by clinical oversight and
interdisciplinary coordination, may significantly advance the effectiveness of physical activity

interventions in T2DM prevention and treatment.

9. Discussion

This review highlights the pivotal role of physical activity as both a preventive and therapeutic
intervention in type 2 diabetes mellitus (T2DM). The evidence consistently demonstrates that
structured exercise, particularly when integrated with dietary and pharmacological therapies,
leads to clinically meaningful improvements in glycemic control, body composition,
cardiovascular risk profile, and overall quality of life in individuals with or at risk for T2DM

[1,2,4,15,21].

Aerobic and resistance training have each shown independent metabolic benefits; however,
their combination appears to elicit the most robust effects across various outcomes, including
hemoglobin A lc reduction, insulin sensitivity enhancement, and lipid profile optimization [15,
21]. Notably, the benefits of physical activity extend beyond metabolic regulation, contributing
to improved physical function, psychological well-being, and long-term disease self-

management [14, 19, 21].

Despite strong support for these interventions, challenges persist in translating evidence into
sustainable, real-world practices. A major limitation is the insufficient representation of highly
active individuals in clinical trials. This restricts the applicability of existing guidelines to

athletes or occupationally active patients, whose metabolic responses and training needs differ
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substantially from the general population [11, 20]. Moreover, current exercise prescriptions
often lack granularity in terms of individualization, progression, and integration with modern

health technologies.

Our findings reinforce the value of a multidisciplinary approach, emphasizing the need for
coordinated input from physicians, exercise specialists, dietitians, and behavioral coaches to
ensure safe, effective, and personalized exercise interventions [13]. Such models facilitate not

only clinical oversight but also patient empowerment and adherence.

Emerging technologies - including wearable devices, mobile health applications, and remote
coaching platforms - present promising adjuncts to conventional care. Although early results
are encouraging, large-scale, high-quality trials are needed to validate their effectiveness,
address disparities in access, and inform best practices for digital integration in diabetes care

[14, 18].

This review also underscores the importance of assessing physical activity as both a quantitative
behavior (frequency, duration, intensity) and a qualitative process (enjoyment, sustainability,
life integration). Encouraging lifelong physical activity requires addressing structural,
psychological, and socioeconomic barriers to participation. Tailored interventions that reflect

patients’ preferences, capabilities, and environments are more likely to succeed in the long term.

In summary, while the role of physical activity in T2DM prevention and management is

unequivocally supported by evidence, ongoing research should aim to:

e refine personalized exercise prescriptions across fitness levels and treatment settings,
e optimize safety and efficacy in high-risk and high-activity populations,
e leverage technology to improve accessibility and adherence,

e and develop scalable models of interdisciplinary, lifestyle-focused care.

10. Conclusions

Physical activity constitutes an essential and evidence-based element in the prevention and
management of type 2 diabetes mellitus. Its multifactorial impact on glycemic control, insulin
sensitivity, body composition, cardiovascular function, and psychosocial well-being confirms
its therapeutic value beyond that of a lifestyle recommendation - it is a cornerstone of modern

diabetes care.
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The present review affirms that both aerobic and resistance training independently contribute
to meaningful clinical improvements, while their combination provides synergistic effects.
Structured exercise programs, particularly when integrated into a comprehensive,
multidisciplinary management strategy, offer substantial metabolic and functional benefits,
even in the absence of significant weight loss. Moreover, sustained physical activity contributes

to long-term disease modulation and enhances patients’ capacity for self-management.

Nonetheless, significant gaps remain in the personalization and scalability of exercise
interventions. Current guidelines often fall short of addressing the needs of individuals with
high baseline activity levels, whose physiological responses and safety considerations differ
from those of sedentary patients. There is also a need to better integrate technology into care
models, utilizing tools such as wearables and telemonitoring to enhance adherence, real-time

feedback, and individualized progression.

Future research should prioritize the development of adaptive, patient-centered exercise
prescriptions that account for diverse physical capabilities, comorbidities, and therapeutic
regimens. Additionally, more data are needed from real-world settings and underrepresented

populations to improve external validity and equity of implementation.

In conclusion, physical activity should not be viewed as an adjunct to pharmacologic and
dietary therapy, but rather as a core, dynamic component of individualized diabetes care -
relevant across all stages of the disease and adaptable to varying levels of physical performance

and engagement.
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