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Figure 1: This cartoon describes the changes in skeletal muscle with aging on the right side of the figure. Both the mass and function
of skeletal muscle are decreased in elderly people. Furthermore, at the mitochondrial level, the number of mitochondria is decreased in
parallel with changes in mitochondrial morphology. Mitochondrial DNA, oxidative capacity, biogenesis, and autophagy are all decreased
in conjunction with an increased number of DNA mutations and increased levels of apoptosis. Finally, oxidative stress is increased in the
muscles of elderly people in association with cellular lipid, protein, and DNA damage. The bottom left of the cartoon shows that exercise,
caloric restriction, caloric restriction mimetics, and antioxidants can all delay the aging of skeletal muscle.

consume oxygen and substrates to generate the vast majority
of ATP while producing reactive oxygen species in the
process. They also participate in a wide range of other
cellular processes, including signal transduction, cell cycle
regulation, oxidative stress, thermogenesis, and apoptosis.
In doing so, they are highly dynamic organelles that are
continuously remodeling through biogenesis, fission, fusion,
and autophagy, thus responding to and modulating cellular
dynamics. For instance, they undergo biogenesis to meet
increased energy demands in response to exercise, and they
ensure cellular quality by initiating an apoptotic program to
remove defective cells.

Mitochondria transduce energy from substrates through
the tricarboxylic acid (TCA) cycle and the electron trans-
port system (ETS) to generate ATP. The ETS consists of
multipolypeptide complexes (I–V) embedded in the inner
mitochondrial membrane (IMM) that receive electrons from
reducing equivalents NADH and FADH2, generated by
dehydrogenase activity in the TCA cycle. The electrons are
transferred along the complexes with O2 serving as the
final acceptor at complex IV [11] (Figure 2). The reduction
potential (propensity to accept an electron) increases along
the chain of complexes, and the energy generated is sufficient
to drive the translocation of hydrogen ions across the IMM.
This creates a proton gradient and membrane potential
(collectively termed the proton motive force) that drives
the synthesis of ATP as protons flow back to the matrix
via complex V (ATP synthase). This process is also called
oxidative phosphorylation (OXPHOS). However, the ETS is
not a perfectly efficient system, and significant (and highly
variable) proton “leak” occurs by the movement of hydrogen
ions back into the matrix space that is not mediated through
complex V. In this manner, proton transfer can be uncoupled
from ATP phosphorylation, and this inefficiency contributes
to the demand for reducing equivalents. Mitochondria are

therefore thought to have a much greater capacity to generate
ATP than what is usually required [12].

Because of this metabolic latitude, many assume that
mild impairment in mitochondrial function per se does
not cause cellular disturbances associated with aging and
with chronic diseases such as insulin resistance and type 2
diabetes [12]. Indeed, whether mitochondrial dysfunction
is a cause or a consequence of cellular impairment and
the aging process is a subject of intense debate. Moreover,
the definition of mitochondrial dysfunction itself has been
the subject of controversy. For example, alterations in
mitochondrial mRNA transcripts may not result in changes
in protein levels, so it is not wholly clear whether this
state—whether compensatory or not—can be counted as a
disruption in normal function [13].

In this paper, we focus on the aging of skeletal muscle
(SM) mitochondria, with an eye towards the putative role
of mitochondria in SM aging. We look at several different
aspects of mitochondrial function—which we define to mean
any process that involves the mitochondria—and explore
the evidence for dysfunction, which we define to mean any
deviation from normal function. Section 2 examines the
impact of aging on the biochemical and bioenergetic path-
ways in SM mitochondria. Section 3 explores the changes
in mitochondrial and cellular dynamics, which may further
exacerbate the age-related decline in muscular function. The
review concludes in Section 4 with an overview of strategies
to attenuate the aging of SM mitochondria.

2. Biochemical and Bioenergetic
Aging of Mitochondria

During the aging process, mitochondria are characterized by
changes in oxidative stress, a decay in mitochondrial DNA,
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認知症の発症に関して

世界中で、 

４秒に１人 が認知症
と診断されている！

Lindsay SN et al. Br J Sports Med doi: 10.1136 / bjsports- 2013- 093224



WHO 認知症予防 ガイドライン

1. 運動・⾝体活動には認知機能低下を予防する効果がある。
2. 喫煙は⾝体の健康を害するだけではなく、認知症と認知機能低下のリ
スクにもなる。タバコを吸う⼈は禁煙が勧められる。

3. 栄養バランスの良い健康的な⾷事は全ての成⼈に勧められる。
4. ビタミンB・E、多価不飽和脂肪酸、マルチビタミンのサプリメントは

認知症予防の観点からは推奨されない。
5. 過度のアルコール摂取を習慣としている⼈には、認知症予防の観点か
ら、飲酒量を減らすか断酒が勧められる。

6. コグニティブトレーニングで認知症リクスを下げれる可能性がある。
7. ⾼⾎圧のある⼈はWHOのガイドラインに従い適切な治療を受けるべき。
8. 糖尿病のある⼈は適切な治療を受け⽣活スタイルを改善すべき。
9. 肥満や過体重の⼈は、適正体重にコントロールすることで認知症のリ
スクを低下できる可能性がある。

10.社会的な交流と⽀援は⼈⽣を通じて健康や幸福に強く関連している。
⽣活において社会的な関わりは必要である。

Risk reduction of cognitive decline and dementia: WHO guidelines ISBN 978-92-4-155054-3. 2019.
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volume after the exercise intervention should translate to im-
proved memory function. In support of this hypothesis, we found
that, in the aerobic exercise group, increased hippocampal volume
was directly related to improvements inmemory performance. The
correlation between improvement in memory and hippocampal
volume reached significance for left (r = 0.23; P < 0.05) and right
(r = 0.29; P < 0.02) hemispheres (Fig. 3 E and F). This indicates
that increases in hippocampal volume after 1 y of exercise aug-
ments memory function in late adulthood. In contrast, changes in
caudate nucleus and thalamus volumes were unrelated to changes
in memory performance for either group (all P > 0.10).

Discussion
Hippocampal volume shrinks 1–2% annually in older adults
without dementia (1), and this loss of volume increases the risk for
developing cognitive impairment (2). We find results consistent
with this pattern, such that the stretching control group demon-
strated a 1.4% decline in volume over the 1-y interval. With es-
calating health care costs and an increased proportion of people
aged >65 y, it is imperative that low-cost, accessible preventions
and treatments for brain tissue loss are discovered. In this ran-
domized controlled study of exercise training, we demonstrate
that loss of hippocampal volume in late adulthood is not in-
evitable and can be reversed with moderate-intensity exercise. A
1-y aerobic exercise intervention was effective at increasing hip-
pocampal volume by 2% and offsetting the deterioration associ-
ated with aging. Because hippocampal volume shrinks 1–2%
annually, a 2% increase in hippocampal volume is equivalent to
adding between 1 and 2 y worth of volume to the hippocampus for
this age group.

On the basis of the several regions we examined, the effect of
exercise was rather selective, influencing only the anterior hippo-
campus and neither the thalamus nor the caudate nucleus. This
indicates that exercise does not influence all brain regions uni-
formly. In fact, research from human cognitive studies and rodents
indicates some specificity, such that exercise influences some brain
regions and behaviors but has minimal influence on others (3, 5, 9,
12, 20, 21, 23–25). Such selectivity suggests that there are regionally
dependent molecular pathways influenced by exercise. In fact, we
found here that changes in serum BDNF levels were associated
with changes in anterior hippocampal volume; an important link
because the hippocampus is rich in BDNF, and BDNF levels in-
crease with exercise treatments in both rodents (5, 7, 20) and
humans (26, 27). BDNF is a putativemediator of neurogenesis and
contributes to dendritic expansion (28, 29) and is also critical in
memory formation (30–32). Our results suggest that cell pro-
liferation or increased dendritic branchingmight explain increased
hippocampal volume and improvements in memory after exercise;
however, increased vascularization (15, 16, 33) and dendritic
complexity (34) may also be contributing to increased volume.
Aerobic exercise increased anterior hippocampal volume but

had little effect on the posterior hippocampus. Neurons in the
anterior hippocampus are selectively associated with spatial
memory acquisition (17) and show exacerbated age-related at-
rophy compared with the posterior hippocampus (18, 19). It is
possible that regions demonstrating less age-related decay might
also be less amenable to growth. Thus, aerobic exercise might
elicit the greatest changes in regions that show the most pre-
cipitous decline in late adulthood, such as the anterior hippo-

Fig. 3. All scatterplots are of the aerobic
exercise group only because it was the only
group that showed an increase in volume
across the intervention. (A and B) Scatter-
plots of the association between percent
change in left and right hippocampus vol-
ume and percent change in aerobic fitness
level from baseline to after intervention.
(C and D) Scatterplots of percent change in
left and right hippocampus volume and
percent change in BDNF levels. (E and F)
Scatterplots of percent change in left and
right hippocampus and percent change in
memory performance.
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体⼒が ⾼くなると 海⾺容積が 増⼤する

ume could be associated with increased levels of serum BDNF.
Because the aerobic exercise group was the only group to show an
increase in volume over the 1-y period, we ran a correlation be-
tween change in BDNF and change in hippocampal volume for
the aerobic exercise group to test this hypothesis. We found that
greater changes in serum BDNF were associated with greater
increases in volume for the left (r = 0.36; P < 0.01) and for the
right (r= 0.37; P < 0.01) hippocampus (Fig. 3 C and D). Further,
these effects were selective for the left (r = 0.30; P < 0.03) and
right anterior hippocampus (r= 0.27; P < 0.04) and only marginal
with the left (r = 0.25; P < 0.06) and right (r = 0.22; P < 0.08)
posterior hippocampus. There were no associations between
changes in serum BDNF and changes in caudate nucleus or
thalamus volumes (all P > 0.50); nor were there any associations
between hippocampal volume and serumBDNF for the stretching
control group (all P > 0.40). This indicates that exercise-induced
increases in BDNF are selectively related to the changes in an-
terior hippocampal volume resulting from aerobic exercise.

Hippocampal Volume Is Related to Improvements in Spatial Memory.
Spatial memory (13, 22) was tested on both exercise and
stretching groups at baseline, after 6 mo, and again after the
completion of the 1-y intervention to determine whether changes
in hippocampal volume translate to improved memory. Both

groups showed improvements in memory, as demonstrated by
significant increases in accuracy between the first and last testing
sessions for the aerobic exercise [t(2,51) = 2.08; P < 0.05] and the
stretching control [t(2,54) = 4.41; P < 0.001] groups. Response
times also became faster for both groups between the baseline and
postintervention sessions (all P < 0.01), indicating that improve-
ments in accuracy were not caused by changes in speed–accuracy
tradeoff. However, the aerobic exercise group did not improve
performance above that achieved by the stretching control group,
as demonstrated by a nonsignificant Time × Group interaction
[F(1,102) = 0.67; P < 0.40; ηp2 = 0.007]. Nonetheless, we found
that higher aerobic fitness levels at baseline (r = 0.31; P < 0.001)
and after intervention (r = 0.28; P < 0.004) were associated with
better memory performance on the spatial memory task. Change
in aerobic fitness levels from baseline to after intervention, how-
ever, was not related to improvements in memory for either the
entire sample (r= 0.15; P < 0.12) or when considering each group
separately (both P > 0.05). Furthermore, changes in BDNF were
not associated with improvements in memory function for either
group (r < 0.15; P > 0.20). On the other hand, larger left and right
hippocampi at baseline (both P < 0.005) and after intervention
(both P < 0.005) were associated with better memory perfor-
mance (12). Therefore, we reasoned that increased hippocampal

Fig. 1. (A) Example of hippocampus
segmentation and graphs demonstrat-
ing an increase in hippocampus volume
for the aerobic exercise group and
a decrease in volume for the stretching
control group. The Time × Group in-
teraction was significant (P < 0.001) for
both left and right regions. (B) Example
of caudate nucleus segmentation and
graphs demonstrating the changes in
volume for both groups. Although the
exercise group showed an attenuation
of decline, this did not reach signifi-
cance (both P > 0.10). (C) Example of
thalamus segmentation and graph
demonstrating the change in volume
for both groups. None of the changes
were significant for the thalamus. Error
bars represent SEM.

Fig. 2. The exercise group showed a selective increase in
the anterior hippocampus and no change in the posterior
hippocampus. See Table 2 for Means and SDs.

Erickson et al. PNAS | February 15, 2011 | vol. 108 | no. 7 | 3019

N
EU

RO
SC

IE
N
CE

ume could be associated with increased levels of serum BDNF.
Because the aerobic exercise group was the only group to show an
increase in volume over the 1-y period, we ran a correlation be-
tween change in BDNF and change in hippocampal volume for
the aerobic exercise group to test this hypothesis. We found that
greater changes in serum BDNF were associated with greater
increases in volume for the left (r = 0.36; P < 0.01) and for the
right (r= 0.37; P < 0.01) hippocampus (Fig. 3 C and D). Further,
these effects were selective for the left (r = 0.30; P < 0.03) and
right anterior hippocampus (r= 0.27; P < 0.04) and only marginal
with the left (r = 0.25; P < 0.06) and right (r = 0.22; P < 0.08)
posterior hippocampus. There were no associations between
changes in serum BDNF and changes in caudate nucleus or
thalamus volumes (all P > 0.50); nor were there any associations
between hippocampal volume and serumBDNF for the stretching
control group (all P > 0.40). This indicates that exercise-induced
increases in BDNF are selectively related to the changes in an-
terior hippocampal volume resulting from aerobic exercise.

Hippocampal Volume Is Related to Improvements in Spatial Memory.
Spatial memory (13, 22) was tested on both exercise and
stretching groups at baseline, after 6 mo, and again after the
completion of the 1-y intervention to determine whether changes
in hippocampal volume translate to improved memory. Both

groups showed improvements in memory, as demonstrated by
significant increases in accuracy between the first and last testing
sessions for the aerobic exercise [t(2,51) = 2.08; P < 0.05] and the
stretching control [t(2,54) = 4.41; P < 0.001] groups. Response
times also became faster for both groups between the baseline and
postintervention sessions (all P < 0.01), indicating that improve-
ments in accuracy were not caused by changes in speed–accuracy
tradeoff. However, the aerobic exercise group did not improve
performance above that achieved by the stretching control group,
as demonstrated by a nonsignificant Time × Group interaction
[F(1,102) = 0.67; P < 0.40; ηp2 = 0.007]. Nonetheless, we found
that higher aerobic fitness levels at baseline (r = 0.31; P < 0.001)
and after intervention (r = 0.28; P < 0.004) were associated with
better memory performance on the spatial memory task. Change
in aerobic fitness levels from baseline to after intervention, how-
ever, was not related to improvements in memory for either the
entire sample (r= 0.15; P < 0.12) or when considering each group
separately (both P > 0.05). Furthermore, changes in BDNF were
not associated with improvements in memory function for either
group (r < 0.15; P > 0.20). On the other hand, larger left and right
hippocampi at baseline (both P < 0.005) and after intervention
(both P < 0.005) were associated with better memory perfor-
mance (12). Therefore, we reasoned that increased hippocampal

Fig. 1. (A) Example of hippocampus
segmentation and graphs demonstrat-
ing an increase in hippocampus volume
for the aerobic exercise group and
a decrease in volume for the stretching
control group. The Time × Group in-
teraction was significant (P < 0.001) for
both left and right regions. (B) Example
of caudate nucleus segmentation and
graphs demonstrating the changes in
volume for both groups. Although the
exercise group showed an attenuation
of decline, this did not reach signifi-
cance (both P > 0.10). (C) Example of
thalamus segmentation and graph
demonstrating the change in volume
for both groups. None of the changes
were significant for the thalamus. Error
bars represent SEM.

Fig. 2. The exercise group showed a selective increase in
the anterior hippocampus and no change in the posterior
hippocampus. See Table 2 for Means and SDs.

Erickson et al. PNAS | February 15, 2011 | vol. 108 | no. 7 | 3019

N
EU

RO
SC

IE
N
CE

変化率: [左] 海馬容積（%） 変化率: [右] 海馬容積（%）

[右] 海馬容積[左] 海馬容積

容
積
（

m
m

3 ）

容
積
（

m
m

3 ）

６ヶ月後 １年後 ６ヶ月後 １年後ベースラインベースライン

萎縮 成長 萎縮 成長

有酸素運動

ストレッチ

変
化
率
：

 V
O

2m
ax

 [体
力

] (
%

)

変
化
率
：

 V
O

2m
ax

 [体
力

] (
%

)



上
腕 

前
部

上
腕 

後
部

前
腕

大
腿 

前
部

大
腿 

後
部

下
腿 

前
部

下
腿 

後
部

腹
部

肩
甲
骨

維
持
筋
量
の
割
合
（

%
）

20代 v.s. 70代

Miyatani et al. Int J Sport Health Sci. 1(1) 34 - 40, 2003より引用・改変

20代

加齢に伴う 部位別筋⾁量の変化



Foot Core 関連障害

Suh DH, et al. J Foot Ankle Surg. 2021; 60(2):297-301McPoil TG, et al. J Orthop Sports Phys Ther. 1985; 7(2):69-72.
過剰回内 過剰回外

Wagner T, et al. J Orthop Sports Phys Ther. 2010; 40(2):112-9.

外反母趾 扁平足

過剰内旋

開張足



「動く」ことで発⽣するリスク

① ⾝体を⽀持する⾻
② ⾻格の中の動く部分である関節、脊椎の椎間板
③ ⾻格を動かしたり制御したりする筋⾁、靭帯、神経系

これら3つの要素が連携することにより⾝体の運動が可能となっている。

各要素の疾病として、
  ① ⾻粗鬆症、⾻粗鬆症関連⾻折
  ② 変形性関節症、変形性脊椎症
  ③ サルコペニア（筋⾁減少症）、エンテソパチー（腱・靭帯付着部症）

などがあり、それぞれの疾患は他の要素にも影響をおよぼす。

運動器疾患への対策は起⽴や移動といった運動機能全体への配慮が⼤切。



• McKeon PO, et al. Br J Sports Med. 2015;49:290
• Fiolkowski P, et al. J Foot Ankle Surg. 2003;42(6):327-333.
• Curtis R, et al. Sci Rep. 2021;11(1):18648.
•  Lima YL, et al. Phys Ther Sport. 2018;29:61-69.

Figure 5 Insertions of the extrinsic
foot muscle tendons on the plantar
surface of the foot. (A) The insertions
of the flexor digitorum longus, flexor
hallucis longus and peroneus longus
are depicted. Note the longitudinal
alignment of the flexor tendons as it
relates to their functional contributions
to longitudinal foot stability. The
oblique alignment of the peroneus
longus tendon and its midfoot
orientation clearly supports the
transverse arch. (B) The insertion of
the tibialis posterior tendon is depicted
with the tendons of figure 1A cut
away. Note the widespread insertions
of the tibialis posterior tendon across
the tarsals and metatarsals elucidating
its functional contributions to
longitudinal and transverse arch
stability.

Figure 6 The intrinsic foot muscles are presented in their anatomic orientation within the four plantar layers and the dorsal intrinsic muscle.
The numbers correspond to the muscles as follows: (1) abductor hallucis, (2) flexor digitorum brevis, (3) abductor digiti minimi, (4) quadratus
plantae (note its insertion into the flexor digitorum tendon), (5) lumbricals (note their origin from the flexor digitorum longus tendon), (6) flexor
digiti minimi, (7) adductor hallucis oblique (a) and transverse (b) heads, (8) flexor hallucis brevis, (9) plantar interossei, (10) dorsal interossei and
(11) extensor digitorum brevis.
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「フット・コア」 の レジスタンス トレーニング

「 Foot Core Training & 
Stretching 」で
バランス能⼒、⾜⾸の動揺性、外反⺟趾、
扁平⾜、過剰回内・外、つま先の可動域、
ランニングによる怪我の発症率 などが改
善する。





トレーニングの際の注意点





アクティブF は 福岡市 LINE 公式 アカウントからも



まずは 運動・活動 しやすい 環境 づくりから

良い 運動⽅法を 考えることも ⼤切ですが・・・

まずは、

⾃ら運動を
したくなる、できる 

環境 を整える︕



徐々にステップアップを図る

家の中を
歩き回る

近所を
散歩する

近所で
ウォーキング

座って・寝て過ご
す時間を減らす

公園で
ウォーキング

市民体育館で
運動する

スポーツジムに
入会する

運動の「ステージ」を⾒極める︕



「不健康⾏動」を続けてしまう 規範意識・社会規範

吉井ら. 日本公衛誌. 45(2):151-163, 1998

仕事優先志向

集団・組織優先志向

ストレス解消への貢献

コミュニケーションの道具

現在志向

個⼈志向

⾒栄・かっこよさ

仕事のつきあいでならば、お酒を飲みに⾏くのは当然だ
少しぐらい⾵邪をひいていても、仕事を優先するべきだ

仲間との付き合いのためなら、深酒をすることがあってもよい
⼈に誘われたら医師から⽌められていることでもつきあうべきだ

ストレス解消のためなら、たまにはお酒を飲んだ⽅が良い
お酒を飲むことは、ストレス解消に役⽴つ

お酒を飲むことで、普段以上に会話が弾む
お酒を飲むと本⾳で話ができる

何よりも健康な⼈⽣が⼤切だ
お酒を飲んで今楽しむより、我慢をしてでも健康で⻑⽣きしたい

お酒を飲み過ぎて体をこわすのは、その⼈の⾃由だ
タバコを吸って体をこわすのは、その⼈の⾃由だ

睡眠時間が短くてもやっていける⼈は、すごい
お酒の強い⼈には、魅⼒を感じる



「 やれない 理由 」を 考えている 対策 の ⼀助として…
できない理由 解決策

1 Exする場所（公園・スポーツクラブ）が
ないからできない

公園やスポーツジムだけがExをする・できる場所では無いです。家から一歩外
に出るだけでもExです。 近所を散歩しましょう。

2 家では横になって（寝て）過ごしている Exするよりも、寝て過ごす時間を減らして、座って過ごす時間を増やしましょう。

3 家では座って過ごしている Exするよりも、座って過ごす時間を減らして、立ち上がる時間を増やしましょう。

4 忙しくてEx時間がない 「運動の為の時間」を確保する必要はありません。 通勤・移動をExにすることも
できます。

5 具体的にどれくらいExしたらいいの？ いきなり100点満点の運動でなくて、とりあえず色々気にせず、まず「動き」ましょ
う 。

6 雨が降る、外は暑い・寒い、天気が悪
い、ので運動できない

家の中でもExはできます。

7 そんなに(ガイドライン)運動はできないいきなり100点満点の運動でなくて、色々気にせず、まず「動き」ましょう 。

8 そもそもExしたくない Exはしなくていいので、動かない時間を減らしましょう。 ただし「食事、薬」は
しっかり頑張ってください。

9 観たいTVがあってExできない TVを観ながら運動しましょう。 もしくは、テレビCM中だけExしましょう。

10 やらなきゃいけないのはわかっている
けどできない。

とりあえず、色々気にせず、とにかく「動き」ましょう 。



⾼齢者の後悔・不安・困りごと

1. 貯⾦をしておけばよかった
2. もっと学べばよかった
3. もっと運動をしておけばよかった
4. 家族との時間を⼤切にしておけばよかった
5. 健康に気を配らなかった
6. ⾃分の気持ちを素直に伝えられなかった
7. 友⼈と疎遠になってしまった
8. 旅⾏できなかった
9. 定年で仕事をやめた
10.⻭の定期検診を受ければよかった

1. 病気になる不安
2. 介護が必要になる不安
3. 認知症になる不安
4. 社会的つながりがなくなること
5. 収⼊が減少すること
6. ⽼後資⾦の不⾜に対する不安
7. 仕事ができなくなること
8. 相続問題や財産分与の悩み

困っていること後悔していることや不安に感じていること

Google AI による概要



鍛える 守る
を上手く 使い分ける！



⾏けない 場所
観れない 景⾊
経験できない 事

⾃分の脚(⾜)を動かさなければ、

がある。
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