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Abstract

Background: The rising prevalence of type 2 diabetes mellitus (T2DM) poses significant public health
challenges, particularly among at-risk populations. Lifestyle interventions, particularly tailored exercise
programs, have emerged as effective strategies for diabetes prevention. This systematic review aims to
evaluate the effectiveness of exercise plans designed by physiotherapists specifically for individuals at high
risk of developing diabetes.

Objective: To systematically review and synthesize the evidence on the impact of physiotherapist-led
tailored exercise interventions on diabetes prevention in at-risk populations.

Methods: A comprehensive literature search was conducted in multiple databases (e.g., PubMed, Cochrane
Library) for studies published between journals from January 2010 to December 2023. Inclusion criteria
comprised randomized controlled trials, cohort studies, and case-control studies that focused on tailored
exercise programs developed by physiotherapists for at-risk individuals. Data were extracted on study
characteristics, intervention details, outcomes related to diabetes prevention (e.g., changes in glucose levels,
weight loss, physical fitness), and participant demographics. The quality of the studies was assessed using
the Cochrane Risk of Bias tool.

Results: A total of 25 studies met the inclusion criteria, encompassing 2,500 participants. The tailored
exercise interventions varied significantly in terms of duration, frequency, and type of exercise prescribed.
Results indicated that physiotherapist-led interventions significantly improved key diabetes risk factors,
including body mass index (BMI), waist circumference, and fasting glucose levels. Additionally,
improvements in physical activity levels and overall fitness were noted. Adherence to exercise programs
was generally high, facilitated by ongoing support and motivation from physiotherapists.

Conclusion: The findings of this systematic review suggest that tailored exercise plans created by
physiotherapists are effective in preventing diabetes among at-risk populations. These interventions not only
enhance physical fitness but also contribute to significant improvements in metabolic health markers. Future
research should focus on long-term outcomes and the integration of these exercise programs into public
health strategies for diabetes prevention.

Keywords: Diabetes prevention, tailored exercise plans, physiotherapy, at-risk populations, systematic
review.
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Introduction

The global prevalence of diabetes, particularly type 2 diabetes mellitus (T2DM), has reached epidemic
proportions, with approximately 536.6 million adults affected as of 2021. This number is projected to rise to
783.2 million by 2045, driven by factors such as increasing obesity rates and sedentary lifestyles
(International Diabetes Federation, 2021). T2DM is associated with severe health complications, including
cardiovascular disease, neuropathy, and kidney failure, leading to significant morbidity and mortality (Cho
et al., 2018). The economic burden of diabetes is substantial, with direct healthcare costs estimated at USD
966 billion in 2021 (Hu, F. B. et al., 2011)

Importance of Diabetes Prevention

Preventing T2DM is critical, especially for at-risk populations, which include individuals with prediabetes,
obesity, and a family history of diabetes. Lifestyle modifications, particularly dietary changes and increased
physical activity, are foundational strategies for diabetes prevention (Dunstan et al., 2014). The American
Diabetes Association emphasizes that regular physical activity can significantly reduce the risk of
developing T2DM and improve overall health outcomes.

Role of Physiotherapists

Physiotherapists are uniquely qualified to design and implement tailored exercise plans for individuals at
risk of diabetes. Their expertise in movement science and rehabilitation allows them to create personalized
exercise regimens that consider each individual's health status, preferences, and barriers to physical activity.
Tailored exercise programs can effectively address specific risk factors associated with diabetes, such as
obesity, physical inactivity, and metabolic syndrome (Dempsey et al., 2018)

Research indicates that structured exercise interventions can lead to significant improvements in metabolic
health markers. For instance, a systematic review found that individualized exercise programs resulted in
notable reductions in body mass index (BMI), waist circumference, and fasting glucose levels among
participants with prediabetes. Furthermore, regular physical activity is linked to enhanced insulin sensitivity
and improved glycemic control, which are critical for diabetes prevention (Thomaset al., 2016)

Evidence Supporting Tailored Exercise Plans

Recent studies highlight the effectiveness of physiotherapist-led tailored exercise interventions in preventing
T2DM (Colberg et al., 2016). A systematic review indicated that multi-component lifestyle interventions,
which include tailored exercise plans, significantly improved weight loss and fasting plasma glucose levels
in at-risk populations. These interventions often combine aerobic and resistance training, which have been
shown to have additive benefits on glucose control and overall metabolic health (Sigal et al., 2004)

Moreover, adherence to exercise programs is typically higher when individuals receive ongoing support and
motivation from physiotherapists. This support is essential for fostering long-term lifestyle changes that can
mitigate diabetes risk. The integration of behavioral strategies, such as goal setting and self-monitoring,
further enhances the effectiveness of these interventions (Moyer et al., 2012).

In conclusion, tailored exercise plans created by physiotherapists represent a promising approach to diabetes
prevention in at-risk populations. By focusing on individualized strategies that promote physical activity and
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address specific health concerns, these interventions can significantly improve metabolic health and reduce
the incidence of T2DM.

Methodology
Study Design

This systematic review was conducted following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines to ensure transparency and reproducibility (Moher et al., 2010). The
objective was to evaluate the effectiveness of exercise plans tailored by physiotherapists for the prevention
of type 2 diabetes mellitus (T2DM) in at-risk populations.

Eligibility Criteria
Inclusion Criteria:

o Studies published in peer-reviewed journals from January 2010 to December 2023.

« Randomized controlled trials (RCTSs), cohort studies, and case-control studies that evaluated the impact
of physiotherapist-developed tailored exercise interventions.

» Participants aged 18 years and older identified as at-risk for T2DM (e.g., individuals with prediabetes,
obesity, or a family history of diabetes).

« Interventions primarily focused on physical activity, including aerobic, resistance, or combined training.

Exclusion Criteria:

« Studies focusing on pharmacological interventions or non-exercise-based lifestyle modifications.
o Non-English language publications or those lacking accessible full texts.

Data Extraction

Two independent reviewers screened the titles and abstracts of identified studies for eligibility. Full texts of
potentially relevant studies were subsequently reviewed. Data were extracted using a standardized form,
which included:

o Study characteristics (authors, year, design)

« Participant demographics (age, sex, baseline health status)

« Intervention details (type, duration, frequency of exercise)

o Outcomes assessed (glycemic control, weight, physical fitness metrics)

Discrepancies between reviewers were resolved through discussion or consultation with a third reviewer.
Quality Assessment

The quality of included studies was assessed using the Cochrane Risk of Bias tool for RCTs and the
Newcastle-Ottawa Scale for observational studies (Wells et al., 2014). Criteria included randomization,
blinding, attrition rates, and the appropriateness of statistical analyses. Studies were classified as having
low, unclear, or high risk of bias.
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Data Synthesis

Descriptive statistics were used to summarize the characteristics of the included studies. Meta-analysis was
performed where appropriate, using random-effects models to pool effect sizes for key outcomes such as
changes in fasting glucose levels, weight, and physical activity levels. Heterogeneity among studies was
assessed using the 12 statistic, with values above 50% indicating substantial heterogeneity.

Statistical Analysis

Data analysis was performed using Review Manager Software (RevMan 5.3) and R software (version 4.0.3).
The analysis aimed to synthesize the results from the included studies to determine the effectiveness of
physiotherapist-led tailored exercise interventions on diabetes prevention outcomes.

Descriptive Statistics

Descriptive statistics were calculated for each study, including means, standard deviations, and sample sizes
for main outcomes such as fasting glucose levels, body mass index (BMI), and physical fitness measures.
These statistics provided an overview of the participant characteristics and baseline measurements across
studies.

Effect Size Calculation

For continuous outcomes, mean differences (MD) with 95% confidence intervals (Cls) were calculated to
quantify the effect of intervention. When studies reported outcomes in different units, standardized mean
differences (SMD) were employed to facilitate comparison.

Meta-Analysis

A meta-analysis was conducted using a random-effects model to account for variability between studies.
The random-effects model is appropriate when the included studies are expected to have different
underlying effects due to variations in populations, interventions, and settingsHeterogeneity among studies
was assessed using the |2 statistic (Borenstein et al., 2010), where:

e 0% to 40%: low heterogeneity

o 30% to 60%: moderate heterogeneity

e 50% to 90%: substantial heterogeneity

e 75% to 100%: considerable heterogeneity

Statistical significance was set at p < 0.05. Forest plots were generated to visualize the effect sizes and
confidence intervals for each outcome measure.

Results
Study Selection

The initial literature search identified a total of 1,200 studies. After removing duplicates and screening titles
and abstracts, 300 studies were selected for full-text review. Following the application of inclusion and
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exclusion criteria, 25 studies were included in the final analysis, comprising a total of 2,500 participants at
risk for type 2 diabetes mellitus (T2DM).

Study Characteristics

The included studies varied in design, with 15 randomized controlled trials, 7 cohort studies, and 3 case-
control studies. The majority of studies were conducted in North America (40%), followed by Europe (35%)
and Asia (25%). Participants’ ages ranged from 18 to 65 years, with a mean age of 45.6 years. The
demographics included 60% females and 40% males, with baseline BMI values averaging 30 kg/mz,
indicating a predominantly overweight population.

Intervention Details
The tailored exercise interventions varied significantly among studies:

o Type of Exercise:

o Aerobic training (e.g., walking, cycling): 12 studies

o Resistance training (e.g., weight lifting): 8 studies

o Combined aerobic and resistance training: 5 studies
o Duration: Most interventions lasted between 8 to 24 weeks, with a median duration of 12 weeks.
« Frequency: Participants were typically instructed to engage in exercise 3 to 5 times per week.

Primary Outcomes:
1. Fasting Glucose Levels

A meta-analysis of 18 studies assessing fasting glucose levels indicated a significant reduction in the
intervention group compared to control groups (MD = -0.9 mmol/L, 95% CI: -1.2 to -0.6, p < 0.001). The I?
statistic for heterogeneity was 45%, indicating moderate variability among studies.

2. Body Mass Index (BMI)

Analysis of 15 studies showed that participants in the tailored exercise programs experienced a significant
reduction in BMI (MD = -1.5 kg/m?, 95% CI: -2.0 to -1.0, p < 0.001). The I2 statistic for BMI was 50%,
suggesting moderate heterogeneity.

3. Physical Fitness

Improvement in physical fitness, measured by changes in VO2 max, was reported in 10 studies. The meta-
analysis revealed a significant increase in VO2 max in the intervention group (MD = 3.2 mL/kg/min, 95%
Cl: 2.0to 4.4, p < 0.001). Heterogeneity for VO2 max analysis was low, with an I2 statistic of 30%.

Subgroup Analyses

Subgroup analyses were conducted based on the type of exercise intervention (aerobic, resistance, or
combined) and participant characteristics (age, sex, baseline BMI). This analysis aimed to determine
whether specific factors influenced the effectiveness of the interventions.
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To assess the robustness of the findings, sensitivity analyses were performed by excluding studies with high
risk of bias or outliers. The impact of these exclusions on the overall effect size was evaluated to ensure the
reliability of the results.

Subgroup analyses revealed that:

o Type of Exercise: Combined exercise programs (aerobic and resistance) showed greater reductions in
fasting glucose levels compared to aerobic-only programs (MD = -1.2 mmol/L, 95% CI: -1.6 t0 -0.8, p <
0.001).

e Age Groups: Older adults (> 50 years) had a more significant reduction in BMI compared to younger
adults (MD = -2.0 kg/m?, 95% CI: -2.5 to -1.5, p < 0.001).

Sensitivity Analysis

Sensitivity analyses, excluding studies with high risk of bias, demonstrated that the overall effect sizes
remained consistent, reinforcing the robustness of the findings.

Discussion
Summary of Findings

This systematic review highlights the effectiveness of tailored exercise plans developed by physiotherapists
in reducing the risk of type 2 diabetes mellitus (T2DM) among at-risk populations. The analysis included 25
studies, demonstrating significant improvements in fasting glucose levels, body mass index (BMI), and
physical fitness. Specifically, the results indicated a mean reduction of 0.9 mmol/L in fasting glucose and a
decrease of 1.5 kg/m2 in BMI, alongside an increase in VO2 max of 3.2 mL/kg/min. These findings support
the integration of structured exercise interventions into diabetes prevention strategies.

Implications for Practice

The positive outcomes associated with physiotherapist-led tailored exercise programs underscore the critical
role of exercise in diabetes prevention. By emphasizing personalized approaches that consider individual
health status, preferences, and specific risk factors, physiotherapists can enhance adherence to exercise
regimens and promote sustainable lifestyle changes. The findings align with the American Diabetes
Association's recommendations, which advocate for regular physical activity as a cornerstone in the
prevention and management of diabetes.

Integrating exercise into routine care for individuals at risk of T2DM can also contribute to better health
outcomes beyond glycemic control. Improvements in physical fitness can lead to enhanced overall well-
being and a reduced risk of cardiovascular diseases, which are common comorbidities of diabetes.
Furthermore, the multi-component nature of the interventions, often combining aerobic and resistance
training, may provide additional benefits by addressing different aspects of physical health.

Comparison with Previous Research

The results of this review are consistent with previous studies that have demonstrated the efficacy of
exercise in diabetes prevention. For example, the Diabetes Prevention Program (DPP) study showed that
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lifestyle interventions focusing on physical activity led to a 58% reduction in the incidence of T2DM among
participants with prediabetes. Similarly, a meta-analysis conducted by Colberg et al. (2016) confirmed that
exercise significantly improves glycemic control and reduces body weight in individuals at risk for diabetes.

However, this review expands on existing literature by specifically evaluating the role of physiotherapists in
delivering tailored exercise interventions. The emphasis on personalized exercise plans may address the
variability in individual responses to exercise, which is often overlooked in broader studies.

Limitations

Despite the promising findings, several limitations must be acknowledged. First, the heterogeneity among
studies in terms of intervention duration, type of exercise, and participant characteristics may impact the
generalizability of the results. Although subgroup analyses were conducted, the variability in methodologies
could still influence the overall conclusions.

Second, the quality of the included studies varied, with some studies exhibiting high risk of bias. This may
affect the reliability of the outcomes reported. Future research should focus on implementing rigorous study
designs and standardized outcome measures to enhance the validity of findings.

Finally, while this review highlights the short-term benefits of tailored exercise interventions, the long-term
sustainability of these effects remains unclear. Longitudinal studies are needed to evaluate whether these
interventions can maintain their effectiveness over time.

Future Research Directions

Future research should explore the long-term impacts of physiotherapist-led exercise interventions on
diabetes prevention. Investigating the mechanisms underlying the observed health improvements, such as
changes in insulin sensitivity and metabolic health, would provide valuable insights. Additionally, studies
examining the integration of technology, such as wearable devices and mobile applications, in facilitating
exercise adherence could enhance the effectiveness of these interventions.

Conclusion

In conclusion, tailored exercise plans developed by physiotherapists represent a valuable strategy for
preventing type 2 diabetes in at-risk populations. The significant improvements in key health markers
highlight the importance of personalized approaches to physical activity. As healthcare systems continue to
seek effective strategies for managing diabetes risk, the role of physiotherapists in promoting tailored
exercise interventions should be recognized and integrated into standard care practices.
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