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Glycolysis Mitochondria
Breakdown of glucose                        Use oxygen to make ATP







Compared elite vs trained vs untrained

ST fibers in gastroc: 79% vs 615 vs 57%

Maximal O2 uptake is more important



Factors that influence skeletal muscle 
fiber type

Nerve stimulation of muscle

Diabetes, aging, physical inactivity

Oxidative/slow to glycolytic/fast shift
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Mitochondrial abnormalities in SBMA models





Glycolytic to oxidative switch in SBMA muscle



Glycolytic to oxidative switch in SBMA muscle



Decreased glycolytic enzymes in AR113Q muscle



Mitochondrial abnormalities in AR113Q muscle



Mitochondrial abnormalities in SBMA muscle



AR113Q mice use more energy and consume more 
oxygen to complete exercise





Antisense oligonucleotides rescue changes in 
metabolic gene expression 
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↓ glycolytic genes

↑ fat utilization by
muscle mitochondria

Mitochondrial damage

Mitophagy

Impaired 
neuromuscular 
communication



Effect of aerobic training in patients with spinal and bulbar muscular atrophy (Kennedy 
disease).
Preisler N1, Andersen G, Thøgersen F, Crone C, Jeppesen TD, Wibrand F, Vissing J.
OBJECTIVE: 
We examined the effect of aerobic exercise in patients with spinal and bulbar muscular 
atrophy (SBMA). SBMA is caused by a defect androgen receptor. This defect causes motor 
neuron death, but considering the important function of androgens in muscle, it is possible 
that muscle damage in SBMA also occurs independently of motor neuron damage.
METHODS: 
Eight patients with SBMA engaged in regular cycling exercise for 12 weeks. Maximum 
oxygen uptake (Vo(2max)), maximal work capacity (W(max)), muscle morphology, citrate 
synthase (CS) activity, body composition, EMG, static strength measurements, lung 
function, plasma proteins, and hormones were evaluated before and after training. 
Evaluation of improvements in activities of daily living (ADL) was conducted after training.
RESULTS: 
W(max) increased by 18%, and CS activity increased by 35%. There was no significant 
change in Vo(2max) or any of the other variables examined before and after training, and 
the patients with SBMA did not feel improvements in ADL.
CONCLUSIONS: 
Frequent, moderate-intensity aerobic conditioning is of little beneficial effect in patients 
with spinal and bulbar muscular atrophy (SBMA). High levels of plasma creatine kinase and 
muscle regeneration indicate a primary myopathic affection, which, in parallel with the 
motor neuron deficiency, may attenuate the response to exercise training in patients with 
SBMA.
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Details

Observational study
12 wks on stationary bike, at a heart rate ~70% VO2 max

2x/wk in wks 1 -2 
3x/wk in wks 3 -4
5x/wk in remaining wks

Primary outcomes: VO2 max and ADL

Result: No improvement in V02 max or ADL





Details

Randomized controlled trial

Functional exercises were designed to resemble activities typically performed in 
daily life

54 pts were randomized to functional exercise program or stretching 

Exercise started at one set performed on 2 consecutive days/wk at 50% baseline 
number of repetitions

Increased to 3x/wk at 70% baseline

Primary outcome: Adult Myopathy Assessment Tool and endurance tests

Result:
Functional exercise well tolerated
No benefit in primary outcome measure
Post hoc subgroup analysis suggests benefit to subject with lower baseline 

AMAT scores





Summary

Metabolic changes in SBMA mouse model indicate diminished glycolysis and increased 
utilization of fats as an energy source in muscle

Mitochondrial damage may lead to increased clearance of mitochondria, with functional 
consequences impairing exercise function

Similar changes involving glycolytic gene expression and mitochondria are seen in muscle 
biopsies from SBMA patients

Significant benefits from exercise have not been demonstrated in SBMA patients…

But functional exercise is safe and well tolerated, may have improved performance in 
individuals with low function at entering the trial, and importantly, may have many other 
beneficial effects

Additional clinical experience is needed to understand the best exercise protocols for SBMA 
subjects at different stages of disease


