


Case report 
 EFFECT OF SOLEUS PUSH-UP AND BRISK WALKING IN TYPE 2 DIABETIC PATIENT- A CASE STUDY


Abstract:

INTRODUCTION: This case report presents a unique non-fatiguing intervention soleus push-up and brisk walking—for managing type 2 diabetes mellitus (T2DM), especially suited for sedentary individuals. Type 2 Diabetes Mellitus (T2DM) is a prevalent metabolic disorder marked by insulin resistance and elevated blood glucose levels. While pharmacological treatments are foundational, complementary lifestyle interventions, particularly those involving physical activity, play a critical role in long-term glycemic control. 
CASE INFORMATION: A 37-year-old female presented with fatigue and increased urination that disrupted daily household functioning. She had a family history of diabetes and was recently diagnosed with T2DM based on fasting blood tests and clinical features.
Diagnosis: Baseline HbA1c and HOMA-IR confirmed insulin resistance and impaired glycemic control, consistent with newly diagnosed T2DM.
Intervention: The patient was enrolled in a 12-week exercise-based intervention including soleus push-ups and postprandial brisk walking. No medication changes were made during the study. Outcome measures included HOMA-IR and HbA1c values.
Outcomes: After 12 weeks, there was a reduction in HbA1c from 7.6% to 7.1%, and HOMA-IR from 2.43 to 1.93. The patient also reported improved energy levels, reduced fatigue, and high adherence due to the feasibility of the intervention.
Conclusions: This case suggests that muscle-activated strategies such as soleus push-ups and low-intensity walking can improve metabolic function in individuals with T2DM. These exercises are particularly valuable due to their ease, low fatigue level, and potential for broad implementation.
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Introduction:
Globally, there were 382 million people with diabetes in 2013, and by 2035, this number is projected to rise to 592 million.(1,2) Type 2 diabetes mellitus (T2DM), characterized by chronic hyperglycemia due to insulin resistance, inadequate insulin secretion, or both, remains the most common form of the disease. Currently, more than one in ten adults worldwide, or approximately 537 million people aged 20–79 years, are living with diabetes. Projections estimate that by 2030 the number will rise to 643 million, and by 2045 it will reach 783 million.(3) Diabetes poses a serious public health burden because of its associated complications, including cardiovascular disease, neuropathy, nephropathy, and retinopathy.
Skeletal muscle, particularly oxidative fibers, serves as a major site for insulin-mediated glucose uptake and plays a critical role in whole-body glucose metabolism. The soleus muscle, although relatively small and composed predominantly of slow-twitch fibers, contributes disproportionately to oxidative metabolism. Activation of this muscle through repetitive, low-intensity contractions has been shown to stimulate glucose uptake even in a seated position, providing a potential alternative to traditional aerobic or resistance exercise for individuals with limited mobility.(4)
Type 2 diabetes, formerly referred to as non-insulin-dependent diabetes, is characterized by relative insulin deficiency, insulin resistance, and hyperglycemia, whereas type 1 diabetes is typically idiopathic or immune-mediated.
The risk factors for type 2 diabetes are multifactorial, involving genetic predisposition, behavioral and environmental influences, as well as certain medical conditions and medications. Pregnancy-related hormonal changes, genetic abnormalities, and chronic illnesses may also contribute to its onset. Insulin-deficient states and IR can be broadly divided into three categories: reduced pancreatic β-cell insulin production, the presence of plasma insulin antagonists such as counter-regulatory hormones or non-hormonal disruptors of insulin signaling, and decreased insulin responsiveness in target tissues.(5,6)
Conversely, sedentary lifestyles, reduced physical activity, and obesity are strongly associated with the development of insulin resistance and T2DM. This study emphasizes the importance of strategies that improve muscle glucose uptake, reduce sedentary behavior, and modulate systemic inflammation in the prevention and management of the disease.(5,9)
This case report presents a patient-centered approach illustrating the clinical diagnostic process, a preventive physiotherapy program, and a structured return-to-activity protocol designed to reduce symptoms and improve functional stability. It highlights the effectiveness of integrating soleus push-up training with postprandial brisk walking, providing insights into diagnosis, intervention, and recovery in individuals with type 2 diabetes mellitus.
Case History:
A 37-year-old housewife with no significant medical or surgical history but with a strong familial predisposition to diabetes was evaluated after complaints of increased fatigue and frequent urination. Laboratory analysis confirmed elevated fasting glucose levels, with HbA1c at 7.6% and a HOMA-IR value of 2.43, suggesting significant insulin resistance. The patient declined initial pharmacologic therapy and expressed interest in a lifestyle-based management program. Her vital parameters (ECG, blood pressure, and oxygen saturation) were within normal limits, and she demonstrated high motivation and adherence capacity for a home-based exercise protocol. She provided informed consent, agreeing to participate in the protocol, making her an appropriate candidate for the study.
The patient underwent a structured 12-week intervention with the following components:
Soleus Push-Ups: Performed while seated, the patient elevated and lowered her heels continuously at a natural pace, keeping her knees bent at 90°, feet flat on the ground. Each session lasted 5 minutes, repeated three times daily.
Brisk Walking: Performed after each main meal (breakfast, lunch, dinner), for 10–15 minutes at a moderate pace (RPE scale 11–13). Walking was done indoors or in her neighborhood, depending on environmental conditions.
Total Duration: 12 weeks
Frequency: Soleus push-ups: 3x/day; Brisk walking: 3x/day after meals
At the end of the 12-week protocol, significant improvements were observed
Result:
Our results showed improvements across several metabolic markers that were clinically significant. A 20.6% decrease in insulin resistance is represented by the drop in HOMA-IR from 2.43 to 1.93, HbA1c: Decreased from 7.6% to 7.1%. which is in good agreement with the outcomes of conventional exercise regimens. For comparison, a meta-analysis found that traditional aerobic training programs reduced HOMA-IR by an average of 15–25%. Notably, the increase in insulin sensitivity (%S) from 41.10% to 51.70% indicates improved peripheral glucose uptake, most likely due to increased GLUT4 translocation. The concurrent increase in beta-cell function (%B) from 34.40% to 42.20% would suggest that pancreatic islet cells are less susceptible to glucolipotoxicity, perhaps as a result of less persistent hyperglycemia.
A modest 0.5% HbA1c reduction has meaningful clinical value, as UKPDS showed a 37% lower risk of microvascular complications per 1% drop. SPU may regulate glucose via reduced hepatic output, improved postprandial disposal (GLUT activity), and AMPK-mediated non–insulin-dependent uptake. The fall in fasting C-peptide (2.54 → 2.17 ng/mL) indicates reduced beta-cell stress and greater insulin sensitivity. The 37 mg/dL fasting glucose decline further supports improved hepatic insulin sensitivity.
Table 1: HOMA-IR
	HOMA-IR
	Pre Test (Dec 2024)
	Post-Test (Jan 2025)

	C- Peptide, Serum, Fasting 
	2.54 ng/ml
	2.17 ng/ml

	Beta Cell Function (%B)
	34.40%
	42.20%

	Insulin Sensitivity (%S) 
	41.10 %
	51.70 %

	HOMA-IR Index 
	2.43
	1.93

	Glucose Plasma Fasting
	204.00 mg/dl
	167.00 mg/dl



Table 2: HBA1c
	
	Pre-test (Dec 2024) 
	Post-Test (March 2025) 

	HBA1c
	7.6% 
	7.1 %



Subjective improvement: Reported reduction in fatigue, better energy levels, and    increased ability to perform household activities without interruption
The 12-week protocol consisted of Soleus Pushup and Brisk Walking, performed twice daily. Brisk walking was done after meals, with repetitions increasing weekly based on patient compliance. Following the initial 4 weeks, an 8-week follow-up period ensued, during which the same protocol was continued without any further increase in repetitions, allowing for sustained practice and assessment of long-term effects.
Adverse effects: None observed, no hypoglycemic episodes or exercise-related discomfort were reported. 
Table 3 : SOLE & WALK PROTOCOL
	Sr. no.
	Intervention
	Procedure
	Dosage, Intensity and Duration 
	figure

	1
	Soleus Pushup
	The Patient is seated in a chair with adjustable height ,maintaining a posture of 90 degree hip flexion, and 90 degrees knee flexion, and neutral ankle position, while performing planterflexion, allowing the therapist to assess for soleus muscle contraction.
	Commence with RPE (Rate of Perceived Exertion) scale at an intensity of 4-5, progressing over 4 weeks. Following the progression phase, enter a maintenance phase where the same protocol is sustained for ongoing management and reinforcement.
Twice a day after every meal.
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	2
	Brisk Walk
	Begin with a slow walk, gradually increasing your pace to a brisk walk while maintaining proper body posture. Continue for the recommended duration, then transition to a cool-down phase by gradually slowing down your pace.
	Begin with a 30-minute brisk walk, gradually increasing the duration by 15 minutes every week. Twice a day after every meal. 
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Discussion:
This case illustrates that targeted activation of oxidative muscle fibers, particularly the soleus, may have substantial metabolic benefits. The soleus muscle is uniquely suited for prolonged, fatigue-resistant contraction due to its high mitochondrial density and predominant use of circulating glucose and lipids rather than stored glycogen.(1) The soleus muscle's remarkable oxidative capacity and consistent postural activation patterns provide justification for its attention. The soleus contributes up to 40% of the total resting metabolic rate in inactive people and, in contrast to other major leg muscles, sustains low-level contractions throughout the day. This continuous exercise produces a special metabolic milieu in which the muscle maintains a high capacity for glucose absorption while largely functioning in fat oxidation mode. According to recent research, muscles with a high Type I fiber composition might respond especially well to prolonged, low-intensity contraction patterns that increase insulin sensitivity.(2) Our results showed improvements across several metabolic markers that were clinically significant. A 20.6% decrease in insulin resistance is represented by the drop in HOMA-IR from 2.43 to 1.93, which is in good agreement with the outcomes of conventional exercise regimens. For comparison, a meta-analysis found that traditional aerobic training programs reduced HOMA-IR by an average of 15–25%. Notably, the increase in insulin sensitivity (%S) from 41.10% to 51.70% indicates improved peripheral glucose uptake, most likely due to increased GLUT4 translocation. The concurrent increase in beta-cell function (%B) from 34.40% to 42.20% would suggest that pancreatic islet cells are less susceptible to glucolipotoxicity, perhaps as a result of less persistent hyperglycemia.
Despite being modest, the reported 0.5% decrease in HbA1c has important clinical ramifications. According to the UKPDS trial, there is a 37% decrease in microvascular consequences for every 1% drop in HbA1c. According to our findings, SPU may help regulate blood sugar levels through a number of possible pathways, including: (1) reduced hepatic glucose output as a result of improved whole-body insulin sensitivity, (2) improved postprandial glucose disposal through increased muscle glucose transporter activity, and(3) enhanced non-insulin dependent glucose uptake through AMPK activation during prolonged contractions. The decrease in fasting C-peptide levels (2.54 to 2.17 ng/mL) suggests a lower insulin secretory demand, which may be due to the reduced beta-cell workload and increased insulin sensitivity. Research showing that exercise can lower beta-cell stress in individuals with type 2 diabetes is in line with this finding. Given that the main factor influencing fasting glucose is hepatic glucose production, the 37 mg/dL decrease in fasting glucose further suggests increased hepatic insulin sensitivity.(3)
Conclusion:
In conclusion, this study provides preliminary evidence that Soleus Pushups, when combined with brisk walking, may improve multiple facets of metabolic control in T2DM. The soleus muscle's unique physiological properties make it a promising target for innovative exercise interventions. These findings underscore the need for more extensive research into posture-specific exercises as potential adjuncts to traditional diabetes management strategies.	
[bookmark: _GoBack]
References:
	
1.	Jamali A, Shahrbanian S, Morteza Tayebi S. The Effects of Exercise Training on the Brain-Derived Neurotrophic Factor (BDNF) in the Patients with Type 2 Diabetes: A Systematic Review of the Randomized Controlled Trials. J Diabetes Metab Disord. 2020 Jun;19(1):633–43. 
2.	Guariguata L, Whiting DR, Hambleton I, Beagley J, Linnenkamp U, Shaw JE. Global estimates of diabetes prevalence for 2013 and projections for 2035. Diabetes Res Clin Pract. 2014;103(2):137–49. 
3.	IDF Diabetes Atlas. 2021. 
4.	Baynest HW. Classification, Pathophysiology, Diagnosis and Management of Diabetes Mellitus. J Diabetes Metab. 2015;06(05). 
5.	Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A, Siddiqi H, Uribe KB, et al. Pathophysiology of type 2 diabetes mellitus. Vol. 21, International Journal of Molecular Sciences. MDPI AG; 2020. p. 1–34. 
6.	Pearson T, Wattis JAD, King JR, MacDonald IA, Mazzatti DJ. The Effects of Insulin Resistance on Individual Tissues: An Application of a Mathematical Model of Metabolism in Humans. Bull Math Biol. 2016 Jun 1;78(6):1189–217. 
7.	Petersen KF, Shulman GI. Pathogenesis of Skeletal Muscle Insulin Resistance in Type 2 Diabetes Mellitus. 1999. 
8.	Vetrivel Venkatasamy V, Pericherla S, Manthuruthil S, Mishra S, Hanno R. Effect of physical activity on insulin resistance, inflammation and oxidative stress in diabetes mellitus. Vol. 7, Journal of Clinical and Diagnostic Research. 2013. p. 1764–6. 
9.	Bunney PE, Zink AN, Holm AA, Billington CJ, Kotz CM. Orexin activation counteracts decreases in nonexercise activity thermogenesis (NEAT) caused by high-fat diet. Physiol Behav. 2017 Jul 1;176:139–48. 
 



image3.jpeg




image1.jpeg




image2.jpeg




