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ABSTRACT
Aims: To evaluate the effects of a 12-week Progressive Upper-Limb Resistance Training (PULRT) program on glycaemic control, muscular strength, and functional capacity in individuals with Type 2 Diabetes Mellitus (T2DM).
Study Design: A randomized controlled trial.
Place and Duration of Study: Conducted at Mahatma Gandhi Physiotherapy College in collaboration with a diabetic outpatient clinic, from February 2025 to April 2025.
Methodology: Sixty adults diagnosed with T2DM were randomly assigned to either an intervention group (n=30) receiving supervised PULRT or a control group (n=30) receiving standard care. The intervention included thrice-weekly sessions for 12 weeks focusing on major upper-limb muscle groups, with progressive resistance based on one-repetition maximum (1RM). Primary outcome measures were glycated haemoglobin (HbA1c), fasting blood glucose, upper-limb strength (1RM test and Arm Curl Test), and functional capacity (6-minute walk test). Assessments were conducted at baseline and at 12 weeks.
Results: Fifty-four participants completed the study (intervention = 27; control = 27). The intervention group showed a significant reduction in HbA1c (mean decrease of 0.8%; p<0.01) and fasting glucose levels (p<0.01) compared to the control group. Upper-limb strength improved by 30% (p<0.001) as measured by the 1RM and Arm Curl Tests". Functional capacity, as measured by the 6-minute walk test, also demonstrated a significant increase (p<0.01) in the intervention group.
Conclusion: The 12-week PULRT protocol significantly improved glycaemic control, upper-limb muscular strength, and functional capacity in adults with T2DM. This approach can be considered a practical and non-pharmacological adjunct to standard diabetes management.








1. INTRODUCTION 

Type 2 diabetes mellitus (T2DM) is a widespread and progressive metabolic disorder marked by chronic hyperglycaemia resulting from insulin resistance and/or inadequate insulin secretion. The global burden of T2DM has increased significantly over recent decades, with hundreds of millions of adults affected worldwide, and projections indicating a continued rise in prevalence. Beyond metabolic dysregulation, T2DM is associated with severe complications including cardiovascular disease, neuropathy, nephropathy, and retinopathy. Importantly, individuals with T2DM often experience impairments in muscular strength and physical function, which can diminish quality of life and increase the risk of falls, functional limitations, and loss of independence.
Exercise remains a cornerstone in the prevention and management of T2DM. Clinical guidelines recommend a combination of aerobic and resistance training to improve metabolic control and physical functioning. Resistance training in particular has been shown to enhance insulin sensitivity, reduce fasting glucose levels, and lower glycated haemoglobin (HbA1c) by improving glucose uptake in skeletal muscle. Furthermore, it helps counteract sarcopenia and supports the maintenance of functional independence in ageing populations.
However, most research has focused on lower-limb or full-body resistance training. There is limited evidence regarding the specific benefits of isolated progressive upper-limb resistance training (PULRT) in individuals with T2DM. Upper-limb function is essential for carrying out activities of daily living, such as lifting, carrying, dressing, and grooming. People with diabetes are at increased risk of upper-limb muscle loss due to disease-related catabolic changes and ageing, which may further contribute to metabolic decline and functional deterioration.
Despite the importance of upper-limb strength, few randomized controlled trials (RCTs) have explored structured upper-limb resistance training in this population. Even fewer studies have utilized progressive overload based on one-repetition maximum (1RM), which is known to maximize strength adaptations. In addition, the choice of assessment tools is critical. HbA1c remains the gold standard for monitoring long-term glycaemic control. Muscular strength can be reliably evaluated using 1RM and the Arm Curl Test, while functional capacity is best assessed through the 6-Minute Walk Test (6MWT), a simple yet powerful indicator of endurance and real-world mobility.
Considering these factors, there is a strong rationale for targeted interventions that investigate the impact of upper-limb resistance training on metabolic and functional outcomes in people with T2DM. Therefore, this study aimed to evaluate the effects of a 12-week progressive upper-limb resistance training (PULRT) program on glycaemic control, muscular strength, and functional capacity in individuals with T2DM. It was hypothesized that participants undergoing PULRT would demonstrate significant improvements in HbA1c, upper-limb strength, and functional endurance compared to those receiving standard care.


2.Material And Methods 

2.1 Trial Design, Setting, Inclusion and Exclusion Criteria
This 12-week, randomized, controlled, parallel-group clinical trial investigated the effects of progressive upper-limb resistance training (PULRT) versus standard care in adults with type 2 diabetes mellitus (T2DM). The study was conducted at the Physiotherapy Outpatient Department, Mahatma Gandhi Physiotherapy College, MGUMST, Jaipur, and was registered with the Clinical Trials Registry of India (CTRI/2025/01/079649). Patients and the public were not involved in the study design or conduct; however, results will be shared upon request. No protocol changes occurred after trial initiation.
Participants were aged between 40 and 65 years, diagnosed with T2DM for at least one year, and had HbA1c levels between 7% and 10%. The exclusion criteria included insulin dependence, uncontrolled hypertension (systolic BP >160 mmHg or diastolic BP >100 mmHg), severe diabetic complications (such as retinopathy or neuropathy), recent cardiovascular events, orthopaedic conditions limiting upper-limb function, or engagement in structured exercise programs within the last six months.

2.2 Data Extraction and Outcome Measures
Participants in the intervention group underwent three supervised PULRT sessions per week, targeting major upper-limb muscles. Resistance levels were progressively adjusted based on one-repetition maximum (1RM) reassessments every four weeks to ensure appropriate training intensity. The control group received standard medical care along with general advice on physical activity but did not participate in supervised exercise.
The primary outcome measures included:
· Glycaemic control: Glycated haemoglobin (HbA1c) and fasting blood glucose (FBG).
· Muscular strength: 1RM test and Arm Curl Test.
· Functional capacity: Six-Minute Walk Test (6MWT).

Adverse events such as hypoglycaemia or musculoskeletal injuries were monitored throughout the intervention period; no serious adverse events were reported.
A priori power analysis estimated that 25 participants per group would yield 80% power to detect a 0.7% difference in HbA1c (SD = 1.0%, α = 0.05). To accommodate potential dropouts, a total of 60 participants (30 in each group) were recruited.

2.3 Sample Size Calculation
A priori sample size calculation was conducted using G*Power software (version 3.1). Based on an expected 0.7% mean difference in HbA1c, SD = 1.0%, alpha = 0.05, and power = 80%, the minimum required sample was 25 participants per group. Accounting for a 20% potential attrition rate, we recruited 60 participants (30 per group).


2.4 Randomization and Blinding
Participants were randomly assigned using simple randomization via sealed, opaque, sequentially numbered envelopes prepared by an independent researcher to ensure allocation concealment. Though participant and therapist blinding was not feasible due to the intervention type, outcome assessors and data analysts were blinded to group assignment throughout the study to reduce performance and detection bias.

2.5Confounding and Intention-to-Treat Analysis
The analysis accounted for potential confounders by stratifying baseline variables and ensuring comparability. No post-randomization covariate adjustments were necessary as groups were balanced at baseline. An intention-to-treat (ITT) approach was used, where all participants randomized were included in the analysis, and missing data were addressed using the last observation carried forward (LOCF) method.

2.6 Ethical Considerations
The study received approval from the Institutional Ethics Committee (Approval No: MGMC&H/IEC/JPR/2024/4191). All participants provided written informed consent before enrolment. The trial was conducted in accordance with the ethical principles outlined in the Declaration of Helsinki.
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Figure-1: Participant flow diagram representing recruitment, randomization, and retention.

3.Results
A total of 85 individuals were screened, out of which 60 were randomized. Baseline characteristics were comparable between groups. Significant improvements in HbA1c, muscular strength, and functional capacity were observed in the intervention group. No serious adverse events occurred.
1. Participant Flow
A total of 85 individuals were assessed for eligibility. Of these, 25 were excluded (15 did not meet inclusion criteria, 10 declined participation). The remaining 60 participants were randomized equally into the intervention (n = 30) and control (n = 30) groups.
· Intervention group: 2 participants lost to follow-up due to personal reasons.
· Control group: 3 participants lost to follow-up due to unrelated health issues.
· Completed: 54 participants (Intervention = 28, Control = 27).
Table 1. Baseline Characteristics of Participants
	Variable
	Intervention (n = 30)
	Control (n = 30)

	Age (years)
	56.4 ± 8.7
	57.1 ± 9.2

	Sex (Male/Female)
	18 / 12
	17 / 13

	Duration of T2DM (years)
	6.3 ± 3.1
	6.1 ± 2.9

	HbA1c (%)
	8.2 ± 0.6
	8.1 ± 0.5

	Fasting Glucose (mg/dL)
	165.2 ± 20.4
	162.7 ± 19.5

	1RM Upper-Limb Strength (kg)
	24.5 ± 5.6
	25.1 ± 5.2

	6-Min Walk Distance (m)
	438 ± 48
	441 ± 52


                          
Statistical Methods
· All statistical analyses were conducted using SPSS version [2026]. Paired t-tests were used for within-group comparisons, while independent t-tests analyzed between-group differences. Effect sizes (Cohen’s d) were calculated to determine the magnitude of differences, and 95% confidence intervals (CIs) were reported for primary outcomes. Significance was set at p < 0.05. Missing data were handled using the last observation carried forward (LOCF) approach.
Table 2. Changes in Glycaemic Control, Muscular Strength, and Functional Capacity at 12 Weeks
	Outcome
	Group
	Baseline
	Week 12
	Change
	p-value

	HbA1c (%)
	Intervention
	8.2 ± 0.6
	7.4 ± 0.5
	-0.8
	< 0.01

	
	Control
	8.1 ± 0.5
	7.9 ± 0.6
	-0.2
	0.08

	1RM (kg)
	Intervention
	24.5 ± 5.6
	31.9 ± 6.1
	+30%
	< 0.001

	
	Control
	25.1 ± 5.2
	26.4 ± 5.5
	+5%
	0.12

	6MWT Distance (m)
	Intervention
	438 ± 48
	489 ± 46
	+51
	< 0.01

	
	Control
	441 ± 52
	448 ± 49
	+7
	0.21



Table 3. Effect Sizes and Confidence Intervals for Primary Outcomes
	Outcome
	Group
	Mean Change
	p-value
	Effect Size (Cohen’s d)
	95% Confidence Interval

	HbA1c (%)
	Intervention
	-0.8
	< 0.01
	1.42
	[ -1.12, -0.48 ]

	1RM (kg)
	Intervention
	+30%
	< 0.001
	1.78
	[ 5.3, 9.1 ]

	6MWT Distance (m)
	Intervention
	+51
	< 0.01
	
	



To further quantify the magnitude and precision of the observed effects, effect sizes (Cohen’s d) and 95% confidence intervals were calculated for primary outcomes. The results are presented in Table 3. All outcomes demonstrated large effect sizes, indicating robust clinical relevance.”
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Figure 2: Comparison of changes in HbA1c, muscular strength (1RM), and 6-minute walk test distance between intervention and control groups at baseline and 12 weeks.

📊 Outcomes Displayed:
· HbA1c Reduction (%)
· Strength Gain (% from 1RM)
· 6MWT Distance Increase (meters)
✨ Statistical significance is marked:
· * for p < 0.01
· ** for p < 0.001
4. Adverse Events
· No serious adverse events were reported.
· Mild muscle soreness was reported by 5 participants (intervention group), mainly during the first 2 weeks.




5.Discussion
This randomized controlled trial highlights the clinical efficacy of a 12-week progressive upper-limb resistance training (PULRT) program in significantly improving glycaemic control, muscular strength, and functional capacity among individuals with type 2 diabetes mellitus (T2DM). The results are particularly noteworthy as they address a gap in the literature concerning upper-limb-focused interventions, which are often overshadowed by studies emphasizing lower-limb or full-body training⁷.
The observed reduction in HbA1c levels by 0.8% in the intervention group is clinically meaningful and consistent with previous findings that associate resistance training with improved glycaemic outcomes⁵,¹³. According to the American Diabetes Association, even modest reductions in HbA1c can substantially lower the risk of diabetes-related complications¹⁴. The mechanism underlying this improvement is likely mediated through increased skeletal muscle glucose uptake and enhanced insulin sensitivity, as described by Holten et al., who found that resistance training upregulated GLUT4 transporters and insulin signalling pathways in skeletal muscle¹⁵.
Muscular strength improvements, with a 30% increase in upper-limb one-repetition maximum (1RM), confirm that PULRT effectively stimulates hypertrophy and neuromuscular adaptations. These findings are supported by Kraemer et al., who emphasized the importance of progressive overload in promoting strength gains and muscular endurance¹⁰. Importantly, enhanced upper-limb strength has direct implications for activities of daily living, particularly in populations where diabetes-related sarcopenia compromises physical independence³,⁸.
Furthermore, functional capacity, as assessed by the 6-minute walk test (6MWT), improved significantly in the intervention group. While traditionally used to assess lower-limb endurance, the increase in 6MWT distance in this study suggests systemic cardiovascular and metabolic benefits associated with upper-limb training. This may reflect improvements in overall exercise tolerance and metabolic efficiency, as described in related cardiopulmonary rehabilitation research¹⁶.
The safety profile of the intervention further reinforces its clinical utility. The absence of serious adverse events and only mild, transient muscle soreness indicates that PULRT is both feasible and well-tolerated when appropriately supervised. These findings align with previous safety assessments of resistance training in older adults with chronic disease¹⁷.
These findings align with and are further supported by recent global recommendations and high-quality meta-analyses. The 2023 ADA Standards of Care in Diabetes emphasize the importance of individualized, progressive resistance training as a standard non-pharmacologic intervention. Su et al. (2023) conducted a comprehensive meta-analysis showing that progressive resistance training consistently improves glycemic control, with notable reductions in HbA1c levels. Similarly, Li et al. (2023) confirmed improvements in lipid profile and insulin sensitivity among individuals with T2DM undergoing supervised resistance programs. Incorporating these recent findings further validates the current study’s approach and supports its recommendation for integrating upper-limb resistance training into diabetes management.
Despite demonstrating significant outcomes, this study has several limitations. Firstly, participant and therapist blinding was not possible, which could have introduced performance bias. Although outcome assessors were blinded, the placebo effect could not be ruled out. Secondly, the study was single-centre, potentially limiting the generalizability of findings to broader T2DM populations. Thirdly, the 12-week duration may not capture long-term adherence or sustainability of benefits. Additionally, reliance on self-reported adherence outside supervised sessions may introduce compliance bias. Future multicentric, longer-term studies are recommended.
In summary, this study provides novel evidence supporting the integration of upper-limb-specific resistance training into routine diabetic rehabilitation. Tailoring such programs using individualized 1RM-based progression not only maximizes functional and metabolic outcomes but also enhances patient engagement and long-term adherence.
6.Conclusion
A 12-week progressive upper-limb resistance training program resulted in significant improvements in glycaemic control, muscular strength, and functional capacity in adults with type 2 diabetes mellitus. The findings highlight the therapeutic value of targeted resistance exercise, especially when tailored to individual capabilities using 1RM-based progression. Integration of such programs into standard diabetes care may offer a low-cost, high-benefit strategy for improving health outcomes.
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