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ABSTRACT

The elderly population of people aged > 65 years is rapidly growing up in developed countries, including Japan, and 
becoming a burden by increasing caregiving and social security costs. Prolonging a healthy life span without caregiver 
help would reduce the social burden. Frailty in elderly people can cause accidental falls causing them to be bed 
ridden, but constant exercise could help prevent such accidents. Various exercises enhance the synthesis and release 
of neurotrophic factors such as IGF-1 and BDNF; these neurotrophic factors enhance neuronal growth and survival 
in the brain prevent muscle atrophy and sometimes contribute to muscle hypertrophy in elderly people.  These 
exercise-induced neurotrophic factors can thereby help prevent the lowering of cognitive performance, processing 
speed and mood in elderly people including those with Alzheimer’s disease or Parkinson’s disease.

In this review, we emphasize that IGF-1 and BDNF work as anabolic growth factors for skeletal muscle, play a role in 
the neurogenesis, synaptogenesis, and neuronal survival in the brain, ameliorate cognition, and stabilize psychiatric 
mood. IGF-1, further, has activities in the elimination of amyloid-β protein by activating protein transportation 
at the choroid plexus and angiogenesis acting on brain vessels. Thus, elderly people are recommended to exercise 
regularly for their health and avoid the condition of frailty. 
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INTRODUCTION

The elderly population of people aged > 65 years is growing in 
developed countries, including Japan, and the mean life expectancy 
has increased to more than 80 years. With a prolonged life 
expectancy, being independent of caregivers is beneficial to one’s 
well-being and reduces the social burden. Extending a healthy life 
expectancy may be accomplished by a good lifestyle that includes a 
healthy diet, exercising, low stress, and positive thinking.

Exercise promotes neurotrophic factors such as brain-derived 
neurotrophic factor (BDNF) and insulin-like growth factor 1 
(IGF-1) [1,2]. Neurotrophic factors mediate the prevention of 
muscle mass deterioration, as well as the deterioration of cognitive 
function, by enhancing neuronal survival and growth. BDNF is 
a protein with a molecular weight of 12,300 Da, consisting 119 
amino acids [3] originally purified from the porcine brain, and its 
expression is increased in the brain by exercise [4]. 

IGF-1 has a molecular weight of 7,600 Da protein and consists of 

70 amino acids produced by the stimulation of growth hormone 
in the liver [5, 6]. Further, it is produced in the muscle by exercise 
and has activities promoting the proliferation and differentiation 
of myoblasts [7], leading to muscle hypertrophy.

We have reported a relationship between serum BDNF levels 
and quadriceps muscle thickness in 805 elderly healthy people 
aged 65–84 years, as investigated by the health examinations of 
people residing in the Tokyo area [8]. Although we did not have 
data regarding the exercise habits or other lifestyle factors and their 
effect on the thickness of quadriceps in the report, it is assumed 
that subjects having thick quadriceps do exercise or have a more 
active life than their counterparts. Wasting of the skeletal muscle 
mass with aging is often attributable to a decrease in the secretion of 
growth factors and steroid hormones [9]. Decrease of muscle mass 
by aging is more prominent in the lower limbs [10], and individuals 
with weak lower limbs tend to do less walking or stair climbing. 
The function of gaiting or climbing up and down the stairs, which 
uses the lower limb muscles, is more rapidly aggravated by aging 
than other functions [11, 12]. The deterioration of the lower limb 
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muscles tends to lead to frailty with decreasing muscle mass, body 
weight, hand grip strength, and deterioration of cognitive function. 
Recommendations for preventing frailty include consuming proper 
nutrition and exercising in order to increase neurotrophic factors 
such as BDNF and IGF-1, which affect muscle mass and neural 
cognitions. 

In this paper, we have discussed the roles of the neurotrophic 
factors, BDNF and IGF-1, and exercises and nutrition in promoting 
a healthy life in elderly people by preventing frailty.

Physiology of BDNF and IGF-1 proteins

BDNF is processed from precursor of BDNF (pro-BDNF) in 
Golgi bodies in cells. BDNF and its receptor, tropomyosin-related 
receptor kinase B (TrkB), are present in the brain tissue including 
the hippocampus and are involved in neurogenesis, neuronal 
survival, and synaptic plasticity [13]. 

The pro-BDNF protein also has an activity on neurons, but 
the actions are contrary to those of BDNF: the BDNF/TrkB 
pathway facilitates persisting activity, whereas the pro-BDNF/
pan-neurotrophin receptor p75 (p75NTR) pathway inhibits the 
mnemonic property of entorhinal pyramidal neurons [14]. Further, 
Sun et al. [15] reported that pro-BDNF inhibits neurite outgrowth 
(synaptogenesis) of primary cultured dorsal root ganglion (DRG) 
and cortical neurons of rats in vitro and the effect was reversed by 
the anti-pro-BDNF antibody.

BDNF was purified from the porcine brain by Barde et al. as a 
neurotrophic factor, such as nerve growth factor (NGF), and is 
active in the neuronal functioning of the brain [3]. BDNF mRNA 
is distributed in all brain areas including the hippocampus, 
cerebral cortex, medial preoptic area, pontine nuclei, thalamus, 
hypothalamus, and olfactory bulb [16]. Lower serum BDNF levels 
are found in those with depression and Alzheimer’s disease in 
humans, but they may be restored by the treatment of medicines 
[17, 18]. Malberg et al. showed an increase of neurogenesis in the 
adult rat hippocampus by a selective serotonin reuptake inhibitor 
(SSRI), suggesting the upregulation of activity or expression of 
BDNF by SSRIs [19]. Chronic antidepressant treatment increases 
neurogenesis in the adult rat hippocampus. Similarly, it has been 
reported that the anti-Alzheimer’s drug, donepezil, enhances 
the survival of newborn neurons in the DG of the adult rat 
hippocampus and also shows an increase in the phosphorylation 
of the cAMP response element binding protein (CREB), suggesting 
the role of BDNF [20]. However, stress inhibits neurogenesis 
paralleled with reduced BDNF expression, inducing depression/
anxiety-like behavior in mice [21]. 

Duman [22] showed that animals housed in an enriched 
environment with low stress have higher BDNF concentrations 
in the brain than animals housed in normal cages. The enriched 
environment consisted of tunnels, a wheel cage, food, and housing, 
with several animals in the cage. The animals enjoy pursuing each 
other, running in the wheel cage, hiding in tunnels, and looking 
for food, and therefore live with activity and low stress in the 
cage. Activity in the daily life of humans may also influence the 
BDNF levels. These results demonstrate that BDNF is expressed 
in the brain and plays a role in neurogenesis, neuronal survival, 
and synaptogenesis in the brain. Matthews et al. [23], however, 
reported that BDNF is also produced in skeletal muscle, especially 
in satellite cells, by exercise. The increased BDNF in the periphery 
can penetrate into the brain by passing through the blood brain 

barrier (BBB) [24].

Mousavi and Jasmine showed that BDNF is expressed in satellite 
cells, but not in mature myofibers or the neuromuscular junction 
area, along with the expression of p75NTR, and emphasized the 
role of BDNF in the muscle in maintaining the population of 
muscle progenitor cells [25].

IGF-1 has an activity as an autocrine and/or paracrine signal for 
cell growth, differentiation, and maintenance in various tissues 
such as muscle, bone, liver, kidney, neurons, skin, and lungs [26, 
27]. In skeletal muscle, IGF-1 can cause muscle hypertrophy with 
the proliferation and differentiation of myoblasts [7], and it also 
enhances nutrient uptake and inhibits protein breakdown [28-30].

Exercise and BDNF in the brain and the muscle

Many animal studies have reported that exercise increases the 
expression of hippocampal BDNF and/or neurogenesis (Figure 1). 
BDNF mRNA expression in the DG of the mouse hippocampus 
is increased by voluntary wheel running after a few days [31]. The 
increased BDNF protein expression is reported to remain for several 
weeks [32]. Neurogenesis is observed in the DG of these mice [33]. 
The exercise not only increased proliferation of the progenitor cells 
but also increased their survival rate as they differentiated and 
matured [33-34]. The expression of BDNF in mice is increased by 
just one session of exercise, and the effect is amplified by repeated 
exercise [35,36]. 

In humans, the circulation BDNF levels are elevated by acute 
[37] or chronic exercise [38]. Exercise increases peripheral BDNF 
levels, and a greater duration of exercise is associated with a greater 
increase in BDNF levels [37, 39], Increased levels of BDNF are more 
pronounced by aerobic exercises such as jogging than by resistance 
training [38]. Memory performance is also ameliorated by chronic 
endurance exercise in middle-aged male subjects with metabolic 
syndrome [38]. Concerning amelioration of memory performance 
in humans, two possibilities are considered: one is that exercise 
directly expresses BDNF in the brain and promotes neurogenesis as 

Figure 1: Production and activities of IGF-1 and BDNF in the muscle and 
the brain by exercise. IGF-1: insulin-like growth factor 1, BDNF: brain-
derived neurotrophic factor, BBB: brain-blood barrier, Aβ: amyloid-β 
protein In the muscle, IGF-1 [30] and BDNF [24] are synthesized by the 
satellite cells following exercise. IGF-1 activates satellite cell differentiation 
for myoblasts[30]. BDNF activates satellite cell proliferation and blocks the 
differentiation [7]. In the brain, IGF-1 is synthesized by glial cells, microglia 
cells, and neurons following brain injury or during neurodegeneration 
[31-34]. BDNF is produced mainly in neurons under non-stressful 
circumstances [21, 22] and by exercise [24, 26, 27]. IGF-1 [34-36] and BDNF 
[1, 9, 19] similarly act on neurons, such as in neurogenesis, synaptogenesis, 
and neuronal survival, which then improve cognition. IGF-1 acts to 
eliminate amyloid β (Aβ) protein activating protein transporter at the 
choroid plexus and enhances angiogenesis, which act on brain vessels[49]. 
Both IGF-1 [47] and BDNF [24] can travel through the BBB.
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reported in animal experiments; another is that BDNF is produced 
by the muscle satellite cells, penetrates into the brain, and then acts 
on the hippocampus. It may depend on a multiplier effect of both 
actions. However, Yao et al. observed that running exercise reverses 
cognitive deficit and restores hippocampal cell proliferation in 
chronic corticosterone-treated rats, but does not change the plasma 
BDNF levels, suggesting that exercise directly acts on the brain [40].

Exercise and IGF-1 in the brain and the muscle
It is considered that exercise promotes IGF-1 by the repeated 
contraction of the muscle and/or muscle injury with an excessive 
load of contraction [2]. Although injured muscle releases various 
cellular components, Kravchenko et al. suggested that contractile 
muscle releases potassium ions, which promote IGF-1 synthesis 
and the IGF-1 is released by the activated satellite cells and muscle 
cells [41]. They observed that the expression of IGF-1 mRNA and 
protein are increased in cultured murine myoblasts and myotubes 
by the 7–12 mM KCl stimulation. The released IGF-1 activates 
differentiation of satellite cells to myoblasts. The myoblasts are 
proliferated by IGF-1, and the proliferated cells fuse to the muscle 
fiber, causing muscle hypertrophy [42].
In the brain, IGF-1 is synthesized in neural precursor cells, 
astrocytes, microglial cells, and neurons following brain injury 
during neurodegeneration [43-46].  Ploughmean et al. showed 
hippocampal IGF-1 is elevated in the ischemic hemisphere in 
sedentary animals, suggesting an intrinsic restorative response after 
focal ischemia [46]. Although exercise did not increase IGF-1 in the 
ischemic site, it increased the IGF-1 level in the intact site of the 
hippocampus and in the serum. Moreover, they observed that the 
serum IGF-1 level decrease was correlated with increasing IGF-1 
in the ischemic hippocampus depending on the time of voluntary 
running in rats, suggesting the possibility that the protein enters 
the brain from circulation by the time [46]. Similarly, Trejo et al.  
showed that exercise increases the new neurons (neurogenesis) in 
the hippocampus and IGF-1 protein in the cerebrospinal fluid in 
adult rats [47]. Moreover, subcutaneously injected IGF-1 enhanced 
neurogenesis in the hippocampus, and the increased neurogenesis 
was more pronounced in rats after exercise compared to non-
exercised rats, suggesting that the penetration of the circulating 
IGF-1 into the brain is increased by exercise and mediates the 
neurogenesis in the adult hippocampus. The authors further 
showed that when the entry of circulating IGF-1 into the brain is 
blocked with an injection of IGF-1 antiserum in rats undergoing 
exercise training, the exercise-induced increase in the number of 
new neurons in the hippocampus was inhibited [49]. Consequently, 
circulation IGF-1 is increased by exercise, and exercise might 
ameliorate degenerative diseases such as Alzheimer’s disease, 
Parkinson’s disease, as well as multiple sclerosis, by the penetration 
of circulation IGF-1 into the brain.
IGF-1 has additional activities such as clearance of Aβ proteins and 
brain vascularization [48]. Carro et al. showed that IGF-1 enhances 
the clearance of brain Aβ by over expression of the choroid plexus 
endocytic receptor, megalin, which participates as an Aβ carrier in 
the brain. Moreover, they found that exercise increases the levels 
of megalin by increasing brain IGF-1 in rats and mice [49]. In a 
different study, it was shown that IGF-1 protects against neuronal 
cell death induced by Aβ(1-40) in the cell culture of neuron-
like SH-SY5Y human neuroblastoma cells [50]. Therefore, it is 
hypothesized that IGF-1 protects against the accumulation of Aβ 
protein and tau protein by inducing choroid plexus megalin and 
ameliorating Alzheimer’s disease [49]. 
Moreover, IGF-1 enhances angiogenesis acting on brain vessels 
and ameliorates multiple sclerosis [48] (Figure 1). Lopez-Lopez et 

al. showed that IGF-1 promotes the proliferation of cultured brain 
endothelial cells and increases vascularization of the adult mouse 
brain, and can increase vascular endothelial growth factor (VEGF) 
protein after subcutaneous injection [51].

Pathophysiology of frailty

When people get older, some lose weight or lean body mass and 
experience fatigue and loss of strength or endurance. Frailty is an 
age-related physiologic change but not a disease (e.g., age-related 
sarcopenia or anorexia); therefore, it often causes a higher rate of 
poor health status and/or a greater extent of subclinical physiologic 
changes. Low circulating BDNF [52, 53] or IGF-1 [54,55] is reported 
in frail people and is argued as a possible frailty biomarker. Fried 
studied frailty in more than 5,000 U.S. communities of men and 
women aged ≥ 65 years and presented the criteria of frailty [56,57]. 
The five criteria of frailty are as follows:

1. Shrinking: weight loss of 4.5 kg or ≥5% of body weight in the 
last 12 months.

2. Weakness: lowering hand grip strength.

3. Poor endurance and energy: lack of energy and fatigue.

4. Slowness: lowering gait speed and slow performance.

5. Low physical activity level: physical activity, less than 20 min. per 
week; and  walking, less than 90 min. per week. 

An individual is defined as being frail upon meeting at least 
three frailty criteria. People fulfilling one or two frailty criteria are 
defined as pre-frail. A mental change in will power and low social 
activity are also present in the frail population in addition to the 
above five criteria.

When elderly people become frail, they may easily fall and fracture 
bones, thus becoming hospitalized and bedridden, thereby requiring 
nursing care by a caregiver. Otherwise, they may have psychiatric 
problems such as deterioration of cognition or depression. 
Furthermore, frailty increases the risk of morbidity for various 
diseases, including infectious diseases, mortality due to low physical 
ability, or weakness to endogenous and exogenous stressors. As the 
social burden from morbidity or being bedridden by elderly people 
increases, prevention of frailty becomes increasingly necessary.

Presence of preliminary frailty in the cohort of healthy 
elderly people

We have reported a relationship between body mass index (BMI) and 
serum BDNF contents in a previous paper, as well as a relationship 
between the thickness of the quadriceps muscle and serum BDNF 
contents studied in a cohort of elderly people aged 65–84 years; 
these are significantly correlated by regression analysis[8]. 

As the criteria of frailty included weight loss or decrease of muscle 
mass, i.e., sarcopenia, we classified BMI according to the guidelines 
of Japan Society for the Study of Obesity. The mean serum BDNF 
level at the thinness class BMI of ≤18.4 was significantly (p<0.05) 
lower than that of normal class BMI of 18.5–24.9, obese-1 BMI of 
25–29.9 and obese-2 BMI of 30–34.9. BMI is a value computed as 
“body weight divided by square of height”; thus, the value includes 
muscle mass, body fat mass, and bone mass, where body fat mass 
and muscle mass are not distinguished. As the low BMI class has 
low muscle mass and/or low fat mass, the thinness class of BMI 
≤18.4 in this cohort may be interpreted as a preliminary frail class 

FRAILTY
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with lower serum BDNF levels than those in the normal BMI class. 
In general, people exercising for good health and well-being have 
higher serum BDNF levels.

Reduced hand grip strength is cited as one of the five Fried criteria 
for frailty [56]. We investigated the relationship between the hand 
grip strength and BMI; there was significant (p=0.0000) positive 
correlation between them as shown by the regression analysis. When 
the relationship between hand grip strength and BMI classification 
was analyzed, the thinnest class of BMI ≤ 18.4 (21.4 ± 6.4 kg) was 
found to have significantly (p<0.01) lower hand grip strength than 
the normal (25.4 ± 7.7 kg), obese-1 (27.4 ± 8.2 kg), and obese-2 (27.9 
± 9.2 kg) class BMI. The obese-3 class had very few and the hand 
grip strength was 27.8 ± 6.4 kg, although this was not significantly 
different from that of the thinness class. This indicates a pattern 
similar to that of BDNF level distribution in the BMI classes. This 
result also supports that people with BMI ≤18.4 possibly belong to 
the preliminary frail class (but not pre-frailty), although our cohort 
consisted of healthy elderly people volunteering to undergo health 
examinations. It has also been reported the frailty in the obese class 
with a BMI of 30 kg/m2 and higher in the U.S. shows slowness, 
weakness, and low activity [58]. The serum BDNF levels and hand 
grip strengths in the obese-2 class with a BMI of 30–34.9 and in 
the obese-3 class with a BMI of 35-39.9 were not different from the 
values in the normal class with a BMI of 18.5-24.9 in our study. 
Therefore, it might be difficult to extract preliminary frailty from 
the obese classes by checking the levels of serum BDNF or hand 
grip strength. To extract preliminary frailty from the obese classes 
with a BMI over 30, other parameters, such as slowness, walking 
distance, or weekly activity time, should be employed.

Intervention for frailty with nutrition and exercise

Frailty is a condition of deteriorated functional status, such as 
lowered activity, poor exercise tolerance, and reduced weight with 
loss of lean body mass. Intake of a balanced nutritional diet with 
carbohydrate and fatty acid for main energy, protein for composition 
of body, and vitamins and minerals for conditioning of the body is 
generally important for remaining healthy. In Japan, the Ministry 
of Agriculture, Forestry and Fisheries and the Ministry of Health, 
Labor and Welfare issued the “Japanese Food Guide Spinning Top” 
in 1995 so that all Japanese people would consume a well-balanced 
diet [59]. This food guide supports balanced nutrition, not for the 
prevention of frailty in elderly people, but for obese adults aged 
30–60 years, thin females at child-bearing age, and obese children. 
Effective intake of nutrition in frail and elderly people is necessary 
as they may have a decreased appetite and eating volume, as well 
as lower absorption of the available nutrition. Therefore, intake of 
nutrition in elderly people is different from that in young adults. 
Volpi et al. showed that muscle protein metabolism in elderly 
healthy subjects (72 ± 1 years) is blunted compared to that in young 
subjects (30 ± 3 years) using the measurement of the net balance of 
phenylalanine across leg after amino acid and glucose intake [60]. 
Proper nutrition is also needed to reverse decreased weight and 
muscle mass. Decrease in appetite and/or food intake in elderly 
people is a major contributing factor to under-nutrition, which 
leads to frailty. Therefore, Lorenzo-Lopez et al. emphasized the 
importance of diet quality in preventing frailty [61]. Concerning 
micronutrients and frailty, the authors [61] reported that a higher 
protein intake is associated with a lower risk of frailty; a high 
dietary antioxidant intake is also recommended. Nichols et al. 
investigated published reports on the effects of the dietary protein 
and/or essential amino acid (EAA) supplementation on muscle 

strength and performance and concluded that protein and/or 
EAA supplementation alone does not improve strength, but does 
increase muscle mass and the quality of life, as well as the walking 
distance.

We will describe about amino acids and dipeptides, which possibly 
useful for prevention of frailty, with increasing expression of 
BDNF or IGF-1 [62]. Arginine [64] and taurine [65] increase 
IGF-1 production in cultured cells and in the serum protein of 
malnourished mice, respectively. Oh et al. observed an increase 
of IGF-1 gene-expression and protein in cultured CH
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 pituitary 

epithelium cells and HepG2 hepatocytes by L-arginine, through 
activation of mitogen-activated protein kinase (MAPK) signaling 
cascade [63]. Moon et al. reported that taurine increases IGF-1 
mRNA in cultured HepG2 hepatocytes and IGF-1 mRNA and 
serum protein levels in a low protein (4%) diet (vs. 20% protein 
diet in control) administered to mice for 12 weeks [64]. The tibial 
growth plate thickness and the body weight in the low protein 
diet mice are recovered by 12-weeks taurine administration, close 
to those in normal protein diet mice, showing that taurine has 
possible anti-frailty activity. Increased expression of BDNF mRNA 
is also reported in the hippocampus of diabetic rats administered 
taurine for 30 days, and short-term memory is improved in the 
rats [65]. Soybean-derived glycine-arginine dipeptide, although 
different from arginine itself, is reported to promote BDNF 
mRNA expression in the mouse brain and mature neurons in 
the hippocampus and cerebral cortex of mice [66]. It is reported 
that the branched-chain amino acids (BCAA), leucine (Leu), 
isoleucine (Ile), and valine (Val), main components of the skeletal 
muscle, increase the expression of BDNF mRNA and protein in 
the hippocampus and tropomyosin receptor kinase B (TRKB) 
signaling in social-defeat stressed mice and promote resilience to 
chronic social-defeat stress [68]. Ile and Val activate the BDNF/
TRKB signaling by inducing BDNF gene expression, whereas 
Leu activates the pathway at the TRKB signaling independent of 
significant effects on BDNF levels [67]. Carnosine and anserine 
are imidazol dipeptides composed of beta-alanine and histidine or 
methylhistidine, respectively, and they are present in high amounts 
in the avian breast having antioxidant activity [68]. Yamashita et 
al. observed that neurite growth in human neuroblastoma cells 
and BDNF mRNA and protein expression in human glioblastoma 
cells are increased by carnosine in vitro [69]. Tomonaga et al. found 
increases of the imidazole peptides in the rat brain after the oral 
administration of chicken breast extract, suggesting activity on the 
brain [70]. The administration of beta-alanine to rats for 30 days 
expressed BDNF protein in the hippocampus and enhanced spatial 
learning and ameliorated anxiety-like behavior [71]. Murakami 
and Furuse observed that beta-alanine supplementation increased 
carnosine levels in the cerebral cortex and hypothalamus in mice 
and BDNF levels in the hippocampus, suggesting that beta-alanine 
is converted to carnosine in the mouse body [72]. 

In case of fatty acid, intake of medium-chain fatty acid and 
polyunsaturated fatty acid (PUFA), which easily metabolite to energy, 
are recommended, but saturated fatty acid is not recommended. 
Omega-6 polyunsaturated FAs (ω-6 PUFAs) such as arachidonic 
acid (AA) are so-called inflammatory FAs producing prostaglandins 
(PGs), such as PGE

2
 and thromboxane A

2
, which play a role in 

inflammation. On the contrary, omega-3 polyunsaturated FAs (ω-3 
PUFAs) such as eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA) are called anti-inflammatory FAs as these inhibit the 
synthesis of PGs from arachidonic acid. DHA enriched (1.2%) diet 
supplement for 12 days enhanced exercise-induced hippocampal 
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BDNF levels and spatial cognition in traumatic brain injury rats 
[73]. 

In human study of frailty, Kim et al. observed low ω-3 PUFAs, DHA 
and EPA contents in the erythrocyte than healthy community-
dwelling older adults aged 70-84 years [74]. Especially, slow walking 
speed is associated with erythrocyte levels of DHA and EPA. 
Similarly, Hutchins-Wiese et al. reported low erythrocyte DHA 
content and DHA/AA ratio in frailty than that in the healthy 
postmenopausal women aged 60-84 years [75]. Further, the authors 
reported higher erythrocyte DHA content and DHA/AA ratio and 
improvement in walking speed by the intervention of EPA and 
DHA supplementation for 6 months to frailty postmenopausal 
women compared to placebo group.

Omega-6 fatty acid is also important for neurogenesis, although it 
does not enhance BDNF production. Arachidonic acid, an omega-6 
fatty acid, ameliorates age-dependent decreases in the number of 
neural stem/progenitor cells in the hippocampus, while DHA 
increases the number of new neurons and/or their maturation in 
rats aged 18 months [76]. Therefore, it is important to consume 
the appropriate ratio of omega-3 and omega-6 fatty acids (1:2). 
Further, DHA has important activities in the brain, such as anti-
inflammatory activity to inhibit inflammatory microglia [77], 
induction of phagocytosis Aβ, and activation of anti-inflammatory 
microglia [78], in addition to BDNF production. 

For vitamins and minerals, intake of vegetables (more than 350 g/
day) and dairy products (milk, yogurt, and cheese) is recommended. 
These amounts, however, are sometimes not enough for a day; at 
such times, it is recommended to take supplements. Furthermore, 
fruits, vegetables, and food legumes have phytochemicals, i.e., 
polyphenols (included flavonoids), carotenoids, and sulfur-
containing compounds having anti-oxidative activity, enhancement 
of blood circulation, and potent anti-bacterial effects [79,80]. 
Polyphenols have antioxidant activity and activity for the prevention 
of frailty by inhibition of injures to various organs, cell apoptosis, 
and DNA damages by age-dependent production of free radicals. 

There are various reports on preventing the progression of frailty by 
the intervention of exercise [81-83]. Exercise reverses or mitigates 
frailty and can preserve the quality of life and various functions 
including mood, health, and social engagement. Aguirre and 
Villareal reported that resistance training increases muscle strength 
and muscle mass and that aerobic endurance training improves 
peak oxygen consumption [81]. Therefore, they emphasized the 
importance of both training for muscle strength and aerobic 
endurance for preventative treatment of frailty. Yamada et al. 
showed an improvement in skeletal muscle mass index and an 
increase of circulating IGF-1 levels by a six-month intervention 
combining exercise and nutrition in community-dwelling older 
Japanese adults [84]. Combining exercise and proper nutrition 
is important for the prevention of frailty, as it not only mends 
the body composition of muscle mass but also retains cognition 
through the effects of IGF-1 and BDNF. 

CONCLUSION

We have referred importance of appropriate exercise and intake 
of proper nutrition in the elderly people for prevention of 
frailty. Physical exercise and intake of proper nutrition enhance 
production of IGF-1 and BDNF levels in the periphery and the 
brain. In the periphery, IGF-1 and BDNF are synthesized in the 
muscle satellite cells by the exercise. IGF-1 act as muscle hypertrophy 

differentiate the satellite cells to myoblast and fusing to myotubes, 
and BDNF act as maintenance of satellite cells. Both factors act 
on the brain passing through the BBB from periphery. Further, 
exercise directly enhances production of IGF-1 and BDNF in the 
brain and potentiates neurogenesis, synaptogenesis and neuronal 
survival. IGF-1, further, has activities Aβ elimination activating 
protein transporter at choroid plexus and angiogenesis acting on 
brain vessels.

Intervention of nutrition, protein, amino acids, ω-3 PUFAs and 
antioxidants (polyphenols, imidazole dipeptides) increase IGF-1 
and BDNF protection from oxidation and inflammation of the 
aging process.

Therefore, exercise and intake of proper nutrition act on muscle 
atrophy and neural deterioration of frailty, increasing IGF-1 and 
BDNF.
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