








78 

Discussion 

 Exercise is still considered one of the best means of increasing glycemic control 

in people with diabetes, particularly resistance exercise [7]. It has been shown that an 

overall increase in muscle mass is associated with better insulin sensitivity [13,9]. 

Resistance exercise however, especially the eccentric phase, has been attributable to 

micro-traumas and damage of protein structures within skeletal muscles [38,20,59]. This 

damage alters the protein turnover process within the muscle, which causes a decrease in 

performance and in the body’s BCAA content (and some other essential amino acids) 

during the recovery period after exercise [44,43,42]. 

There has been a heightened interest lately in nutritional supplementation, in 

treating DOMS and its associated symptoms. In these studies, BCAA has been found to 

have promising effects in facilitating the restoration of muscle function, and attenuating 

muscle damage following exercise [22,45,60,51,52,23]. However, because people with 

diabetes have endothelial dysfunction, soreness levels are worse after exercise and 

recovery periods longer [26,28]. 

No study up to date has investigated BCAA effects on a diabetic population, 

which was the focus of this study. In this investigation, subjects participated in a 

moderate intensity resistance exercise to induce DOMS, and identify the effectiveness of 

BCAA supplementation in enhancing the recovery of DOMS, and its perceived 

symptoms. This study was also unique in the fact that we used a BCAA dosage 

dependent on lean body weight, rather than just the individual’s weight. The reason for 

incorporating this method is that diabetic individuals, on average, have higher fat 

distributions when compared to non-diabetic individuals. Also, because BCAA is mainly 
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metabolized in skeletal muscle, we thought that the incorporation of the individual’s 

whole body weight in the dosage calculation might not be necessary. From this 

investigation, we found that BCAA supplementation could be a useful method for 

treating DOMS and facilitating muscle recovery in a diabetic population.  

 BCAA when consumed before or after an acute exercise session has been found 

to further stimulate muscle protein synthesis, and reduce muscle protein breakdown, 

resulting in an enhanced muscle adaptation to the related damage [46,45,47]. These 

positive results were seen in the diabetic group, where some of the muscle damage 

markers were decreased when compared to the placebo group.  

In regards to the EMG response, the diabetic BCAA group showed a better 

maintenance of their muscle activity output, while the diabetic placebo group had a larger 

decrease. This could be attributed to the fact that an increased dose of leucine has been 

found to help maintain the muscles force output during isometric contractions [22]. 

Perceived soreness, and myoglobin concentrations in the diabetic BCAA group were 

much lower than in the diabetic placebo group. This response has been observed in a 

number of studies that have incorporated the use of BCAA, or leucine supplementation 

on the markers of muscle damage and DOMS [52,60]. Although skin temperatures were 

not significantly different between the two diabetic groups, a notable finding was that 

skin temperatures were closer to baseline in the BCAA group at 24 hours, while 

temperatures were still elevated in the placebo group at that same time period. This 

indicates that there were higher blood flows in the exercised muscle of the placebo group, 

due to increased inflammation and tissue damage [59]. 
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An interesting finding in our study was that the BCAA supplement had enhanced 

the recovery in the diabetic group, but had almost no effects on the healthy group, even 

though the dosage duration was short. A critical explanation for this occurrence could be 

ascribed to the fact that diabetic individuals have a high prevalence of gastrointestinal 

complications including dyspepsia, and abdominal pain [61,62]. Diabetes mellitus is 

known to provoke many complications such as retinopathy and nephropathy; 

gastrointestinal dysfunction is just one of these many complications [61,63]. Neuropathy 

and hyperglycemia have been found to cause abnormal gastrointestinal motility and 

disturbed digestion, which together have shown to cause impaired intestinal absorption 

[64-66]. This may result in the mal-absorption of essential amino acids from the proteins 

in the diet of a diabetic individual. Thus, an amino acid supplement would be much easier 

for the diabetic individual to absorb through an impaired gastrointestinal system. 

On the other hand, we found no significant differences between the healthy 

BCAA group, and the healthy placebo group. A main reason for this finding could be 

related to the fact that the supplementation duration wasn’t long enough. Studies have 

concluded that the duration of BCAA supplementation could have a large impact on its 

effects on DOMS [67,53]. For example, a study done by Sharp and colleagues [45] found 

that BCAA supplementation had significant effects on lowering DOMS, but their 

supplementation period was over the length of 4 weeks (3 weeks before the exercise, and 

1 week after). These positive effects were seen even though the exercise routine they 

incorporated was intense, as it included muscles of the whole body (circuit training) 

rather than just the arm, or leg muscles. Also, another study done by Skillen and 
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colleagues [68], administered an amino acid supplement over a period of 2 weeks and 

found that it had beneficial effects on reducing muscle damage markers.  

One of the limitations of this study is that we only assessed the subject’s dietary 

intake at baseline, and failed to assess their intake over the course of the study. This 

obviously limits our ability to detect changes in intake, especially in regards to protein 

content. Another limitation would be the fact that we didn’t incorporate a strict dietary 

program for the subjects during the time of the study. However, even though this would 

increase the studies internal validity, it might decrease its external validity. Suggestions 

for further studies would be to incorporate different vitamins into the BCAA supplement. 

Vitamin E would be a good example, as it is considered an antioxidant, which has been 

found to be effective in attenuating exercise induced muscle damage [15,69]. 

 Despite the limitations of this study, we have provided suggestive evidence that 

BCAA supplementation in a diabetic population can be beneficial in enhancing muscle 

performance, and improving recovery from DOMS. BCAA supplementation would be a 

simple method for stabilizing the muscle’s protein content after an acute bout of 

resistance exercise in people with diabetes. This could assist in minimizing further 

injuries from over-exercising in this population. However, further investigations are 

required to clarify and elucidate these findings. 
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CHAPTER FIVE 

DISCUSSION 

 
In the present reseaerch, we examined the intensity of DOMS in people who have 

diabetes, in 2 different body regions (Chapter 2). As an outcome of the first study, we 

then investigated a new technique to objectively quantify muscle soreness (Chapter 3). 

Finally, using this new technique and other biomarkers, we examined whether soreness 

could be reduced by ingesting a single nutritional supplement, which in this case was 

BCAA (Chapter 4). 

Diabetes causes a chronic increase in whole body inflammation. 54 Because of 

this, and of the metabolic and endothelial impairments associated with diabetes, exercise 

performance and training may become impaired in this population. 56,57 It has been shown 

that exercise which results in an overall increase in muscle mass is associated with better 

insulin sensitivity, and a mean reduction in hemoglobin A1c of approximately 0.80%. 

12,16 This obviously gives the individual with diabetes a better chance of coping with the 

disease and preventing its symptoms from getting worse. 7,58 For these reasons, resistance 

exercise is considered one of the best means of increasing glycemic control in people 

with diabetes. 10 Resistance exercise however, especially the eccentric phase, has been 

attributable to micro-traumas and damage of protein structures within skeletal muscles. 

23,34,59 This damage alters the protein turnover process within the muscle, which causes a 

decrease in BCAA and some other essential amino acids during the recovery period after 
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exercise. 44-46 A decrease in performance occurs during this recovery period, but BCAA 

supplementation has been found to facilitate the restoration of muscle function. 25,47,60  

While much is known about DOMS in young people, little is known about DOMS 

in people with diabetes. However, there may be some comparisons that can be made from 

studies of DOMS and ageing. 61 These studies have shown that there is reduced 

proteolytic activity and an elevated production in free radicals in older individuals. 61,62 

This elevation prolongs healing time after excessive exercise. 61 With metabolic 

impairments, endothelial dysfunction, and higher levels of free radicals in people with 

diabetes53,63 DOMS could be more severe and recovery periods longer in this population. 

To understand DOMS however, we need a marker of DOMS, and in this 

dissertation we used common markers such as; myoglobin and soreness scales. But the 

most interesting finding was being able to use a non-invasive marker, which was 

objectively valid and correct. 

In this investigation, it was found that infrared imaging could be a valid technique 

for determining DOMS within the first days of exercising. A purpose of this investigation 

was to assess the usefulness of thermal imaging in detecting and measuring muscle 

soreness after strenuous exercise. Our results suggest that thermal imaging could be a 

valid technique for detecting DOMS, especially within the first 24 hours of exercising. 

As well as being able to measure skin temperature, thermal cameras are fairly 

inexpensive. 

Pennes 64 provided a very detailed model of heat flow from muscle to skin in 

limbs. This model predicts that heat in deeper tissues such as muscles can be dissipated 

into blood and into the skin through conductive heat exchange. When muscles exercise, 
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heat is developed in the muscle because of frictional forces of the muscle fibers and from 

the increased metabolism.65 Increased blood flows to the muscle would also contribute to 

the increased heat in the muscle after exercising. 

Skin is a shell tissue, and its temperature is usually about 6°C less than that of the 

core. 66-68 The skin must be kept cooler than the core so that heat can move from the core 

to the skin and be removed by radiation, conduction, and evaporation. 68-71 Muscle is also 

a shell tissue, where its temperature is usually 32−33°C, which is slightly warmer than 

that of skin. However, when blood flow is increased to the exercised muscle it 

approaches the temperature of the core tissues, which is approximately 37°C. 39,64 Blood 

flow in skeletal muscle is very dynamic, and when tissue is damaged during exercise, 

blood flow can increase dramatically. Thus, warm blood entering muscle when tissue 

repair is being accomplished as part of the inflammatory response can deliver a great deal 

of heat into the tissue. 34,72 The increased blood flow should go back to normal within an 

hour or two of the exercise termination, but when temperatures are still elevated at 24 

hours post-exercise, this shows that damage has happened to the exercised muscle and 

causes a hot spot under the skin. 

Thus, the elevated skin temperatures found 24 hours post-exercise in all subjects 

is possibly the result of higher blood flows in muscle due to inflammation and tissue 

damage repair. 34 Therefore, if muscle blood flow remained elevated post-exercise, the 

warmer core blood would keep the muscle warm, and hence the overlying skin would 

stay warm. This occurrence has been used to detect and diagnose several other diseases 

using thermal imaging. 35-39,73-75 This is true because changes in the human body’s 
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temperatures have always been indicators of dysfunction, where increased heat is mainly 

associated with inflammation or infection. 35  

The elevated soreness levels, and the increased myoglobin concentrations are both 

indicators of DOMS. This verifies that the subjects did get sore after the exercise session. 

Myoglobin is a monomer protein, which has several functions regarding oxygen storage 

and transport in the muscles. After strenuous exercise, myoglobin can be released in the 

bloodstream because of the breakdown of cell membranes in the exercised muscles. 76,77 

Concentrations of muscle myoglobin markers in the blood, may increase 30 min after 

exercising and peak at 24-72 hours post-exercise. 76 

Certainly being able to quantify DOMS is important, but preventing it is as 

important, especially in a diabetic population. Even though we would have liked to 

investigate several nutritional supplements and vitamins, but because of financial and 

time limitations, we chose to investigate only one supplement which was BCAA 

There has been a heightened interest lately in nutritional supplementation, in 

treating DOMS and its associated symptoms. In these studies, BCAA has shown 

promising effects in attenuating muscle damage following exercise. 25,26,47,51,52,60 

However, because people with diabetes have endothelial dysfunction, soreness levels 

may be worse after exercise and recovery periods longer. 53 In addition, no study to date 

has investigated the effects of BCAA in people with diabetes, which was one of the 

focuses of this experiment.  

 BCAA, when consumed before or after an acute exercise, has been found to 

further stimulate muscle protein synthesis and reduce muscle protein breakdown, 

resulting in an enhanced muscle adaptation to the related damage. 47-49 These positive 
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results were seen in our diabetic group, where some of the muscle damage markers 

including myoglobin concentrations, were much lower when compared to the placebo 

group.  

On the other hand, we found no significant differences between the healthy 

groups, whether they ingested the BCAA or placebo supplement. A main reason for this 

finding could be related to the fact that the supplementation duration wasn’t long enough. 

Studies have concluded that the duration of BCAA supplementation could have a large 

impact on its effects on DOMS. 78,79 For example, studies that supplemented their 

subjects over a period of 2, and 4 weeks showed significant results on lowering DOMS, 

and reducing muscle damage markers. 47,80 

An intriguing finding in our experiment was that the BCAA supplement had 

enhanced the recovery in the diabetic group, but had no effects in the healthy group. This 

difference was not likely due to a placebo effect, because all subjects were blinded to 

what supplement they were taking. A critical explanation for this occurrence could be 

attributed to the fact that diabetic individuals have a high prevalence of gastrointestinal 

complications including dyspepsia, and abdominal pain. 81,82 Diabetes mellitus is known 

to provoke many complications such as retinopathy and nephropathy, and gastrointestinal 

dysfunction is just one of these many complications. 81,83 Neuropathy and hyperglycemia 

have been found to cause abnormal gastrointestinal motility and disturbed digestion, 

which have shown to cause impaired intestinal absorption. 40-42 This may result in the 

mal-absorption of essential amino acids from the proteins in the diet of a diabetic 

individual. Thus, an amino acid supplement would be much easier for the diabetic 

individual to absorb through an impaired gastrointestinal system. 
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Suggestions for Future Research 

Several suggestions that would enhance some of the findings in this dissertation 

would be to: 

1. Look at different populations of people with diabetes, in regards to how long they 

have been diagnosed with diabetes, and whether this factor affects the intensity of 

DOMS in this population. 

2. Look at diabetic individuals who have different levels of HbA1c control, and identify 

if people with higher HbA1c, because of increased neuropathic damage, feel more or 

less soreness compared to people with lower HbA1c. 

3. Look at different durations of the supplementation, especially in the healthy control 

subjects because the BCAA supplement seemed to have minimal effects on that 

group. An extended duration might also benefit people with diabetes, where they 

might experience even less soreness with increased periods of supplementation. 

4. Look at other types of nutritional supplements, such as vitamin A, C, D, E, and Co-

Enzyme Q10, and what impact would these supplements have in regards to exercise 

performance, and reducing muscle soreness? Also, if different vitamins and 

supplements are coupled with BCAA, would this combination be even more 

beneficial in adding extra nutrients to people with diabetes, and assist in the muscle 

recovery process after exercise. 

 

Conclusion 

In this dissertation, we provided evidence that people with diabetes experienced 

higher levels of muscle soreness after an intense exercise session, when compared to 
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healthy controls. This muscle soreness was quantified non-invasively, as well as with 

invasive biomarkers. One interesting finding in this study was that we developed a new 

novel biomarker, thermal imaging, which provided an efficient and non-invasive 

technique of predicting and quantifying the extent of muscle soreness in healthy and 

diabetic individuals. This new biomarker was correlated with the pain scales, and with 

the myoglobin concentrations throughout this investigation. Thermal imaging would then 

be a painless and in-expensive way of detecting DOMS in its early stages,  

By using this biomarker and other biomarkers it was also shown that at least one 

nutritional supplement, BCAA, reduced muscle soreness and enhanced recovery in 

people with diabetes. Therefore, BCAA supplementation would be a simple method for 

stabilizing the muscle’s protein content after an acute bout of resistance exercise in 

people with diabetes. 

From this investigation we found that thermal imaging would be an early 

predictor of muscle soreness. We also concluded that BCAA would be beneficial in 

decreasing DOMS, and in enhancing muscle recovery following exercise. Thus, an acute 

dose of BCAA supplementation would help in faster muscle recovery, and an early 

detection of DOMS would assist in minimizing the incidence of injuries from over-

exercising sore muscles. 
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The Effects of Orally Ingesting Branched Chained 
Amino Acids on Delayed Onset Muscle Soreness in 

Diabetic Patients 
 
 
Subjects Data Form: 
 
 
Subjects ID #: Gender: 
 
 
Age: Occupation: 
 
 
Height: Weight: 
 
 
BMI: Lean body weight: 
 
 
Blood pressure: Fasting blood glucose level: 
 
 
Required Weight: Required BCAA: 
 
 
Reactance: Resistance: 
 
 
Activity Level: Frame Size: 
 
 
Upper limb neuropathy testing: 
 
 
Medications or any other medical problems: 
 
 
 
 
 
Comments:

Code: 
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APPENDIX B 

SHORT FORM McGILL PAIN QUESTIONNAIRE 
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Arm: 

Pain

Arm.
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INFORMED CONSENT FORM 
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