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Abstract— Sustainability of muscle mass predominantly depends upon AMPK (5' adenosine monophosphate-activated 
protein kinase) an enzyme that plays a vital role in cellular energy balance. Perhaps, exercise is the, most effective 
physiological activator of AMPK in the skeletal muscles. Physical inactivity has serious implications on physical, 
physiological and psychological well-being of humans. In this paper, we will try to ascertain the relationship between 
inactivity and deterioration of skeletal muscle mass due to decrease in production of AMPK. Attempts shall also be made to 
understand the therapeutic benefits of regular physical activity in activation of AMPK and its role in the prevention and 
treatment of specific disorders and diseases.  
 
 
I. INTRODUCTION 
 
Physical inactivity is a term used to identify people 
who do not get the recommended level of 
regular physical activity.  
 
Physical activity is defined as any bodily movement 
produced by skeletal muscles that requires energy 
expenditure. Physical inactivity has been identified 
as the fourth leading risk factor for global mortality 
causing an estimated 3.2 million deaths globally[1]. 
Insufficient physical activity can be defined as less 
than five times 30 minutes of moderate activity per 
week, or less than three times 20 minutes of vigorous 
activity per week, or equivalent.People who are 
insufficiently physically active have a 20 to 30 per 
cent increased risk of all-cause mortality compared to 
those who engage in at least 30 minutes of moderate 
intensity physical activity most days of the week [32]. 
Globally, around 31% of adults aged 15 and over 
were insufficiently active in 2008 (men 28% and 
women 34%). Approximately 3.2 million deaths each 
year are attributable to insufficient physical 
activity[2]. 
The prevalence of insufficient physical activity is 
higher in high-income countries compared to low-
income countries due to increased automation of 
work and use of vehicles for transport in high-income 
countries [31]. 
High-income countries have more than double the 
prevalence of insufficient physical activity compared 
to low-income countries for both men and women, 
with 41 per cent of men and 48 per cent of women 
being insufficiently physically active in high-income 
countries compared to 18 per cent of men and 21 per 
cent of women in low-income countries [31]. 
AMPK (5' adenosine monophosphate-activated 
protein kinase) is an enzyme that plays a vital role in 
cellular energy balance. The heterotrimeric AMP-
activated protein kinase (AMPK) has a key role in 
regulating cellular energy metabolism; in response to 
a fall in intracellular ATP levels it activates energy-

producing pathways and inhibits energy-consuming 
processes[3]. AMPK has been implicated in a number 
of diseases related to energy metabolism including 
type 2 diabetes, obesity and, most recently, cancer 
[4],[5],[6],[7],[8].  
 
II. LITERATURE REVIEW 
 
Physical inactivity and cardiovascular disease 
The increasing urbanization and mechanization of the 
world has reduced our levels of physical activity. The 
World Health Organization believes that more than 
60% of the global population is not sufficiently active 
[34]. 
If you are physically active you will increase your life 
span, regardless of any adverse inherited factors.  
Physical activity, at any age, protects against a 
multitude of chronic health problems including many 
forms of cardiovascular disease [34]. 
Physical activity protects you by regulating your 
weight and improving your body’s use of insulin.  
Being active is beneficial for your blood pressure, 
blood lipid levels, blood glucose levels, blood 
clotting factors, the health of your blood vessels and 
inflammation, which is powerful promoter of 
cardiovascular disease [34]. 
Studies show that doing more than 150 minutes (2 
hours and 30 minutes) of moderate physical activity 
or an hour of vigorous physical activity every week 
will reduce your risk of coronary heart disease by 
about 30% [34].   
Even if you have existing risk factors for 
cardiovascular disease, evidences suggest that 
remaining active may lower your risk of premature 
death compared to inactive people with no risk 
factors for cardiovascular disease.But if you do not 
keep active, the risk to your cardiovascular health is 
similar to that from hypertension, abnormal blood 
lipids and obesity. A middle-aged woman doing less 
than one hour of exercise per week doubles her risk 
of dying from a cardiovascular event compared to a 
physically active woman of the same age [34]. 
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The good news is that even small increases in 
physical fitness are associated with a significant 
reduction in cardiovascular risk, even if you have 
existing disease [34]. 
 
Physical activity and diabetes 
If you develop diabetes you are at greater risk of 
developing cardiovascular disease.  Physical activity 
is known to reduce the risk of developing Type 2 
diabetes. This is particularly true if you are at high 
risk of diabetes.If you do have diabetes, keeping 
physically active will better protect your heart. One 
study showed that walking at least two hours a week 
reduced the incidence of premature death from 
cardiovascular disease by about 50%.  In people with 
diabetes exercise is thought to improve blood glucose 
control, which reduces the negative impact of 
diabetes on vascular health [34]. 
Physical activity has unequivocal health benefits 
related to the prevention and treatment of lifestyle 
disorders associated with obesity and insulin 
resistance, including Type 2 diabetes, cardiovascular 
and neurodegenerative diseases, and some cancers 
[30]. In addition, regular physical activity is 
associated with decreases in all causes of mortality. 
That AMPK plays a key role in mediating these 
benefits of exercise has been suggested [30]. The fact 
that exercise causes activation of AMPK in muscle 
and, at least in rodents, adipose tissue and liver, 
coupled with the observation that pharmacological 
activation of AMPK leads to marked metabolic 
improvements in animal models of the metabolic 
syndrome has led to the assumption that its activation 
by exercise is a major reason for these health-
promoting effects of physical activity [30]. Also in 
support of this notion, decreased AMPK activity has 
been shown to accompany or precede the appearance 
of a metabolic syndrome phenotype in many of these 
rodents [30]. The situation in humans is less clear. As 
already noted, both normal and decreased AMPK 
activity and normal and impaired activation of 
AMPK by exercise have been reported in obese 
individuals both with and without diabetes, and the 
reason for these differing results is unclear [30]. 
Likewise, the assumption that, in sedentary people, 
the lack of even modest AMPK activation could have 
long-term consequences for mitochondrial function 
and other events that lead to cellular dysfunction and 
disease requires further study [30]. Studies of genetic 
mouse models with partial deficiencies in AMPK 
(total KO of AMPK leads to embryonic death) have 
so far not consistently demonstrated that these mice 
become insulin-resistant or are more prone to obesity, 
diabetes and other disorders associated with the 
metabolic syndrome [30]. However, germline-
deficient mouse models may not adequately reflect 
the effect of the loss of AMPK protein, since 
compensatory mechanisms may operate from 
conception. In addition, decreased AMPK activity in 
the hypothalamus could hypothetically mask some of 

the effects of peripheral AMPK deficiency by 
increasing sympathetic nervous system activity [30]. 
Organ-specific knockdown of AMPK may prove 
useful in addressing this issue. Indeed, as already 
noted, in a recent study, an increase in insulin 
resistance compared with control animals was 
observed in mice with a muscle-specific ablation of 
α2-AMPK when fed on a high-fat diet for an 
extended time period [29]. Finally, in humans, there 
is still a significant need to clarify the role of AMPK 
in regulating physiological responses in health and 
disease and, in particular, the response to exercise 
[30].  
 
III. ROLE OF AMPK IN MEDIATING THE 
CHRONIC EFFECTS OF EXERCISE 
 
Skeletal muscle: In seminal studies, Winder’s group 
demonstrated that repeated activation of AMPK by 
daily injections of AICAR in rats increased GLUT4 
and hexokinase protein content, and the expression of 
several mitochondrial enzymes in skeletal muscle 
[11,12]. Subsequently, it was shown that the feeding 
of mice with GPA (β-guanidinopropionic acid), a 
creatine analogue that leads to increases in the 
intramuscular AMP/ATP ratio and AMPK activity, 
increased mitochondrial biogenesis in control mice, 
but not in mice over expressing a dominant-negative 
AMPK in muscle [13]. These adaptations resemble 
those observed in skeletal muscle during endurance 
training and suggest that AMPK may play a key role 
in their causation. Other evidence speaks against this 
hypothesis, however. Thus exercise training induced 
increases in GLUT4 protein and mitochondrial 
enzymes were normal in both mice overexpressing a 
dominant-negative AMPK construct in muscle [14] 
and mice with a germline deletion of α2-AMPK [15]. 
In addition, in the latter, exercise induced increases in 
the mRNA for a number of mitochondrial enzymes 
were similar to those of WT mice [16]. On the other 
hand, both in these mice [15,17] and mice 
overexpressing the dominant-negative AMPK 
construct[14], mitochondrial protein expression was 
decreased by 15–20% in the untrained basal state, 
suggesting that AMPK activity is important for basal 
mitochondrial enzyme expression. In contrast with 
these findings, muscle fibre type expression does not 
seem to be significantly altered under baseline 
conditions in mice overexpressing a dominant-
negative AMPK construct in muscle [14,18]. On the 
other hand, the switch to a more oxidative muscle 
fibre type elicited by endurance training was inhibited 
in these mice [14] and in mice overexpressing a 
constitutively active mutant γ1-AMPK in muscle, it 
has been shown that the fibre type composition of the 
gastrocnemius became more oxidative [14]. In 
summary, the available information suggests that in 
the basal state when its activity is low, AMPK 
appears to mediate changes in mitochondrial protein 
expression, but not fibre type. In contrast, when 
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AMPK activity is high, such as after exercise training 
or overexpression of a constitutively active AMPK, it 
appears to regulate muscle fibre type. This moderate 
effect on muscle fibre type expression is not too 
surprising considering that regulation of muscle fibre 
type expression is very complex involving several 
other signalling molecules (e.g. calcineurin, CaMK 
and p38), as well as transcription factors and co-
activators {e.g. PGC-1α [(PPAR (peroxisome-
proliferator activated receptor) γ co-activator 1α], 
NFAT (nuclear factor of activated T-cells) and 
PPARδ} [19]. AMPK abundance itself may be 
influenced in muscle by endurance training. In 
humans, trained subjects have a higher expression of 
α1-AMPK than untrained individuals [20]. 
Furthermore, intense endurance training of young 
healthy males for 3 weeks results in increases in α1- 
and α2-AMPK protein expression and ACCβ 
phosphorylation; the latter strongly suggesting that 
the basal activity of AMPK was increased [21]. 
Interestingly, in contrast with these changes, γ3-
subunit expression was decreased by training [21]. 
Increased AMPK activity, which can persist in 
trained individuals for some time between exercise 
bouts, may be important in eliciting increased insulin 
sensitivity, since AMPK activation by AICAR has 
been shown to increase insulin action in rat muscle 
[22,23]. In middle-aged subjects, less intense training 
did not reveal changes in AMPK protein expression 
and activity. When studied 24–36 h after the last bout 
of exercise, however, PGC-1α and malonylCoA 
decarboxylase mRNA expression, both of which can 
be AMPK-mediated, were increased for at least 24–
30 h [24] 
 
IV. METHOD 
 
The function and survival of all organisms is 
dependent on the dynamic control of energy 
metabolism, when energy demand is matched to 
energy supply. The AMP-activated protein kinase 
(AMPK) αβγ heterotrimer has emerged as an 
important integrator of signals that control energy 
balance through the regulation of multiple 
biochemical pathways in all eukaryotes. In this 
review, we begin with the discovery of the AMPK 
family and discuss the recent structural studies that 
have revealed the molecular basis for AMP binding to 
the enzyme's γ subunit. AMPK's regulation involves 
auto inhibitory features and phosphorylation of both 
the catalytic α subunit and the β-targeting subunit. 
The role of AMPK at the cellular level through 
examination of its many substrates as how it controls 
cellular energy balance. We look at how AMPK 
integrates stress responses such as exercise as well as 
nutrient and hormonal signals to control food intake, 
energy expenditure, and substrate utilization at the 
whole body level. Lastly, we review the possible role 
of AMPK in multiple common diseases and the role 
of the new age of drugs targeting AMPK signalling. 

AMPK is activated by stresses that increase the 
cellular concentration of AMP relative to ATP due to 
either limited ATP production (e.g. glucose 
deprivation or hypoxia) or increased energy 
expenditure (e.g. muscle contraction). When this 
occurs, AMPK sets in motion processes that 
potentially both increase ATP generation such as 
fatty acid oxidation and glucose transport, and 
decreases others that consume ATP, but are not 
acutely required for survival, such as lipid and protein 
synthesis and cell growth and proliferation [9],[10]. 
 

 
Fig. 1: During exercise, ATP is degraded to ADP. 

 
Regular exercise leads to decreased inflammation, 
increased fibrinolytic activity, lowering of plasma 
triacylglycerol and increased HDL (high-density 
lipoprotein) cholesterol [25]. To what extent these are 
chronic effects of repeated AMPK activation in 
tissues other than muscle is essentially an unanswered 
question. As already noted, long-term exercise 
training (6 or 12 weeks) induces increases in AMPK 
and ACC phosphorylation and α1and α2-AMPK 
mRNA and protein in both rat visceral adipose tissue 
and liver [26,27]. Acutely, exercise-induced AMPK 
activation in these tissues is associated with decreases 
in the activities of a number of enzymes of lipid 
synthesis, including glycerol phosphate 
acyltransferase and acetyl-CoA carboxylase, and with 
an increase in malonyl-CoAdecarboxylase activity 
[28]. The cumulative effect of these changes would 
be an increase in fatty acid oxidation and a decrease 
in glycerol lipid synthesis. Presumably, this occurs in 
liver and adipose tissue during physical training; 
however, to our knowledge this has not been studied 
directly. 
 
V. OBSERVATION 
 
The increasing modernization and mechanization of 
the world has seriously reduced human   levels of 
physical activity. The World Health Organization 
also believes that more than half of the global 
population is not sufficiently active. 
If you are physically active you will increase your life 
span, regardless of any adverse inherited factors.  
Physical activity, at any age, protects against a 
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multitude of chronic health problems including many 
forms of cardiovascular disease. 
The mechanics of human movements is a well-knit 
frame work of skeletal muscles. Undoubtedly, the 
sustainability of age based human activity now over a 
period of time has been studied and significantly 
correlated with exercise induced effects.   
That the future research now need to investigate and 
address the questions such as, how significant are 
exercise-induced increases in AMPK activity in 
regulating the metabolism and function of muscle and 
tissues. Whether, AMPK activationis a sole 
contributory factor for the prevention and treatment 
of physical and physiological disorders which 
invariably occur due to inactivity. Perhaps, it is also 
to be seen as which model of physical activity 
whether Low intensity, Moderate or High intensity is 
most effective for the prolonged sustainability of 
muscle mass.The findings of this research shall also 
provide insight to understand the therapeutic basis to 
the prevalence of inactivity induced disorders and its 
preventive and curativeeffects. 
 
VI. DISCUSSION 
 
What causes us to lose muscle strength as we age and 
how exercise can prevent it from happening has never 
been thoroughly understood, but McMaster 
University researchers have discovered a key protein 
required to maintain muscle mass and muscle 
strength during aging [33]. 
This important finding means new and existing drugs 
targeting the protein may potentially be used to 
preserve muscle function during aging. 
"We found that the body's fuel gauge, AMP-activated 
protein kinase (AMPK), is vital to slow muscle 
wasting with aging," said Gregory Steinberg, the 
study's senior author and professor of medicine at the 
Michael G. DeGroote School of Medicine. He is also 
co-director of MAC-Obesity, the Metabolism and 
Childhood Obesity Research Program at 
McMaster[33]. 
"Mice lacking AMPK in their muscle developed 
much greater muscle weakness than we would have 
expected to see in a middle-aged mouse," said 
Steinberg. "Instead these mice, which were the 
equivalent of being just 50 years old, had muscles 
like that of an inactive 100-year-old."[33]. 
The research was published today in Cell Metabolism 
and involved members of the MAC-Obesity research 
team. The lead author is Adam Bujak, a PhD student 
of McMaster's Medical Sciences Graduate Program 
[33]. 
 
"It is known that AMPK activity in muscle is 'dialled 
down' with aging in humans, so this may be an 
important cause of muscle loss during aging," 
Steinberg said. Previous research by Steinberg's team 
has shown that this "metabolic switch" is turned on 
with exercise as well as commonly-used medications 

including metformin and salicylate (the active 
ingredient in Aspirin) [33]. 
Despite the importance of maintaining muscle 
function and strength as we age, there is currently no 
treatment besides exercise. With an aging population, 
age-related muscle wasting and loss of muscle 
strength is a growing issue that shortens lives and 
creates a significant financial burden on the Canadian 
health care system [33]. 
"We know we can turn on the AMPK pathway with 
intense exercise and commonly-used Type 2 diabetes 
medications," said Steinberg. "By knowing that 
AMPK is vital for maintaining muscle mass with 
aging, we can now try to adapt exercise regimes and 
existing drugs to switch on AMPK in muscle more 
effectively. The development of new selective 
activators of the AMPK pathway in muscle may also 
be effective to prevent muscle loss with aging."[33].  
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