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Abstract

Background This study aimed to determine how increased muscle mass and athletic performance in adolescence contribute
to the prevention of sarcopenia in old age, accounting for the type of sport and the continuation of exercise habits. We com-
pared the prevalence of sarcopenia, its components (low appendicular skeletal muscle mass, low muscle strength, and low
physical function), and musculoskeletal pain using data from two cohorts: former athletes who competed in the 1964 Tokyo
Olympics and general community-dwelling older adults living in Kashiwa City, Chiba Prefecture.
Methods We analysed the data from 101 former Olympic athletes (mean age ± SD: 75.0 ± 4.4 years; 26% female) and 1529
general community-dwelling older adults (74.1 ± 5.5 years; 49% women). We assessed sarcopenia (defined by the Asian Work-
ing Group for Sarcopenia revised in 2019) and musculoskeletal pain and considered potential confounding factors such as
demographic characteristics, for example, sex and exercise habits.
Results The prevalence of sarcopenia was significantly lower in former Olympic athletes than general older adults (odds
ratios [OR], 0.49; 95% confidence interval [CI], 0.20–0.94), especially with regard to superior appendicular skeletal muscle mass
and muscle strength. This effect was more pronounced in individuals who continued their exercise and in athletes whose
sporting discipline was classified as having a high exercise intensity. Conversely, low physical function (OR, 2.60; 95%
CI, 1.16–6.07) and musculoskeletal pain (OR, 2.22; 95% CI, 1.24–3.97) were more prevalent in former Olympic athletes and
in athletes who competed in sports with physical contact.
Conclusions We observed a lower prevalence of sarcopenia and superior appendicular skeletal muscle mass and strength in
the former Olympic athletes, especially among those that continued their exercise habits and those in sports with high exercise
intensity. Conversely, low physical function and higher musculoskeletal pain scores were more prevalent in former Olympic
athletes, especially among athletes who competed in sports with physical contact. Our results warrant further promotion of
exercise in adolescence and beyond as well as providing safety education, which is required to prevent the development of
sarcopenia and musculoskeletal pain in old age.
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Introduction

As the global population ages, the question of how to extend
healthy life expectancy has become an important issue in
developed countries, particularly in super-aged societies such
as Japan. In the era of 100-year lifespans, there is a need for
specific measures to maintain and improve quality of life
(QoL) and physical function throughout old age. One such
measure that has recently gained attention is the prevention
of sarcopenia in old age.1,2 Sarcopenia is defined as ‘a pro-
gressive and systemic skeletal muscle disease with an in-
creased risk of health problems such as falls, fractures, loss
of body function, and death’ and is recognized within
the International Classification of Diseases (ICD-10-CM).3,4

Sarcopenia is diagnosed when a decrease in appendicular
skeletal muscle mass is accompanied by a concomitant
decrease in muscle strength and physical function. Recently,
specific criteria for sarcopenia diagnosis in Asian populations
have been proposed.5

In recent years, early preventative measures have been
emphasized in combating sarcopenia by increasing appendic-
ular skeletal muscle mass, muscle strength, and physical func-
tion through better exercise habits in adolescence.1,6 Exercise
habits developed and practiced during adolescence and early
adulthood are thought to contribute to a healthier aging pro-
cess. This means that a strong foundation of healthy and ac-
tive lifestyles during adolescence coupled with muscle-mass
built up from an earlier age is likely to be carried over into
old age as above-average muscle mass. In fact, there is evi-
dence that daily physical activity and exercise habits in later
life contribute to healthy longevity into old age.7–10 However,
it remains unclear whether exercise habits in adolescence,
which increase muscle mass and physical function, contribute
to the prevention of sarcopenia in old age.

Regardless of differences in sporting disciplines, the ath-
letic ability maximized by the exercise habits of elite athletes
during their youth surpasses that of the average person. In-
ternational studies have reported that elite athletes, such as
Olympians, have a longer life expectancy than the average
population.11–13 Only Japan and a limited number of other
countries possess comprehensive data sets regarding their re-
spective Olympic athletes over the long term, which include
the data of many Japanese athletes who participated in the
1964 Tokyo Olympics that have reached old age. To date,
there have been no reports on geriatric medical outcomes
in individuals from this database compared with their non-
athlete community-dwelling peers. Consequently, it remains
unclear why Olympic athletes have greater longevity.11

The purpose of this study was to compare the prevalence
of sarcopenia and its components (low appendicular skeletal
muscle mass, low muscle strength, and low physical function)
using data from two cohorts of older adults. The first cohort
consisted of former athletes who competed in the 1964
Tokyo Olympics, and the second cohort consisted of a sample

of general, community-dwelling adults in Kashiwa City, Chiba
Prefecture. This study aimed to determine whether increased
muscle mass and athletic performance in adolescence are
associated with lower sarcopenia prevalence in old age,
accounting for the type of sport, and the continuation of
exercise post-Olympics. This study also considered that a his-
tory of high-intensity exercise might affect musculoskeletal
pain. Musculoskeletal pain is associated with both psycholog-
ical distress and reduced physical function.14,15 Thus, we con-
sidered musculoskeletal pain as a modifying factor. Our study
emphasized a lifelong approach to sarcopenia prevention and
elucidated the mechanisms by which Olympic athletes
achieve improved longevity.

Methods

Study participants

A cohort of former Olympic athletes included participants
from a prospective cohort study of 380 former athletes who
participated in the 1964 Tokyo Olympics and who partici-
pated in the 13th follow-up of a survey conducted in 2016
(Tokyo Olympic Memorial Physical Fitness Measurement;
‘Olympic Study’). Study participants with missing data regard-
ing sarcopenia were excluded.

In 2012, we commenced a prospective cohort study of
community-dwelling adults aged over 65 years in Kashiwa
City, Chiba Prefecture (‘Kashiwa Study’). The general
community-dwelling cohort of older adults in our present
study included participants who completed the second
follow-up of Kashiwa Study.16 As with the other group, partic-
ipants with missing sarcopenia data were excluded. A flow
diagram summarizing the subject selection of each cohort is
shown in Supporting Information, Figure S1.

Measures

Sarcopenia
The primary outcome measure of this study was the status of
sarcopenia and its components: low appendicular skeletal
muscle mass, low muscle strength, and low physical function.
In our study, sarcopenia was diagnosed according to the
Asian Union criteria (Asian Working Group of Sarcopenia
2019) as low appendicular skeletal muscle mass with concom-
itant low muscle strength or low physical function.5 Low
appendicular skeletal muscle mass was assessed via
bioimpedance analyses and defined as <7.0 kg/m2 in men
and <5.7 kg/m2 in women. Both cohorts were evaluated
using a body composition analyser (InBody), the Olympic
Study used the InBody 720 (InBody Japan, Tokyo, Japan),
and the Kashiwa Study used the InBody 430 (InBody Japan,
Tokyo, Japan). All groups were assessed by trained examiners
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at the health check-up site. Subjects were measured in the
standing position and re-measured in the event of a measure-
ment error. Low muscle strength was assessed by measuring
grip strength using a Smedley-type grip strength meter and
defined as<28 kg for men and<18 kg for women. The Olym-
pic Study cohort was tested once on each side, while the Ka-
shiwa Study cohort was assessed twice. Low physical function
was defined as a typical walking speed <1.0 m/s. For all par-
ticipants, we measured the time taken to travel 5 m between
11 m lanes.17 All study members were familiar with the mea-
surement protocols, and personnel from Kashiwa Study were
present during the evaluation of the Olympic Study to cali-
brate the measurement methods.

Musculoskeletal pain
The secondary outcome measure of this study was musculo-
skeletal pain, which was quantified by a modified version of
the Geriatric Locomotive Function Scale (self-administered
GLFS-25; range: 0 to 16 points).18 Study participants an-
swered the following four questions regarding any pain they
experienced over the last month: (i) pain (including numb-
ness) in the shoulders, arms, or hands; (ii) pain in the back,
lower back, or buttocks; (iii) pain (including numbness) in
the lower extremities; and (iv) how painful it was to move

their body in daily life. Questions were answered using a
5-point system: not painful/no pain (0), a little (1), moderate
(2), considerable (3), or severe (4).

Classification of Olympic disciplines and post-Olympic exer-
cise habits
The Olympic disciplines of the Olympic Study cohort were
classified according to the guidelines from the 8th Task Force
on the Classification of Sports by the American College of Car-
diology (Figure 1). Disciplines were ranked according to exer-
cise intensity (low, medium, and high) and type (static
exercise intensity, dynamic exercise intensity, and cardiovas-
cular exercise load intensity).19 The classification of cardiovas-
cular intensity sums a static component reflecting maximal
voluntary muscle contraction and a dynamic component
reflecting maximal oxygen uptake. When an athlete had par-
ticipated in multiple disciplines, the athlete was categorized
in the discipline with the highest cardiovascular score. Addi-
tionally, the intensity of physical contact during each sport
was assessed according to the American Academy of Pediat-
rics’ standards, consisting of three categories: no physical
contact, limited contact, and with contact.20

Information regarding the exercise habits of the athletes
younger than 50 years of age in the Olympic Study was

Figure 1 Olympic sporting disciplines classified by intensity and body contact. This classification was based on peak static and dynamic components
achieved during competition. The increasing dynamic component was defined in terms of the estimated per cent of maximal oxygen uptake (Max O2)
achieved and resulted in an increased cardiac output. The increasing static component was related to the estimated per cent of maximal voluntary
contraction (MVC) reached and resulted in an increased blood pressure load. The total cardiovascular demands (cardiac output and blood pressure)
are divided into three categories of low (white), moderate (grey), and high (black) intensity. The symbols († and ‡) denote the classification of sports
according to body contact (†, limited-contact; ‡, contact).
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acquired from a previously completed questionnaire that
took place every 4 years after the 1964 Olympics to assess
ongoing exercise habits.

Other measures
Other measures were similarly assessed in both cohorts. Age,
sex, and medical history (hypertension, diabetes, heart dis-
ease, stroke, and malignant neoplasms) were assessed during
an interview with a trained nurse. To evaluate each cohort’s
support status and long-term care certification, The Olympic
Study completed a self-administered questionnaire, with
public information from Kashiwa City acquired to represent
the Kashiwa Study.21,22 We developed a questionnaire to as-
sess the study participants’ alcohol consumption, smoking,
and exercise habits, as well as depressive tendencies. The Ge-
riatric Depression Scale (GDS-5) was used to measure depres-
sive tendencies, which was considered to be present when
two or more of the five criteria were applicable.23 Individuals
were defined as having an exercise habit if they completed at
least one moderate-intensity physical activity per week dur-
ing their leisure time.24 Food intake frequency (meat, fish,
soybeans, eggs, dairy products, green-yellow vegetables,
fruits, and potatoes) were evaluated if they were consumed
at least once every 2 days.25

Statistical analysis

Continuous variables were reported as means and standard
deviations or medians and interquartile ranges for normally
and non-normally distributed data, respectively. Categorical
variables were reported as a number and percentage. The
analyses were stratified by sex. A generalized linear model
adjusted for sex and age was used to compare basic attri-
butes between the two groups. Propensity scores were calcu-
lated between the two groups in the multivariate analyses.
The variables used to calculate the propensity scores were
(1) age, (2) sex, (3) medical history (hypertension, diabetes,
heart disease, malignant neoplasms, and stroke), (4) support
certification and nursing care needs, and (5) history of alco-
hol-consumption, smoking, and exercise habits. The C-statis-
tic from the receiver operating characteristic curve
confirmed the validity of the propensity score.

For multivariate analyses with categorical dependent vari-
ables (low appendicular skeletal muscle mass, low muscle
strength, low physical function, sarcopenia, and having any
musculoskeletal pain), adjusted odds ratios (OR) and 95%
confidence intervals (95% CI) by propensity score were calcu-
lated using the binomial logistic regression analysis. For mul-
tivariate analyses with a continuous dependent variable
(appendicular skeletal muscle mass, handgrip strength, usual
gait speed, and musculoskeletal pain score), multiple regres-
sion analyses were used to calculate the adjusted partial re-
gression coefficients and standard errors by propensity

score. Continuous variables were normalized via logarithmic
transformation. Any participants with missing data were ex-
cluded from the analyses. To determine sensitivity, we con-
ducted the same analysis by sex and by post-Olympic
exercise habits. All statistical analyses were performed using
Statistical Package for the Social Sciences software (version
24.0; IBM Japan, Tokyo, Japan). A P-value of <0.05 was con-
sidered statistically significant.

Results

Study participants

Of the 2044 participants in the Kashiwa Study, 1536 partici-
pated in the second follow-up study. Of these, 10 participants
were excluded because their sarcopenia data were missing,
and the remaining 1526 subjects (mean age 74.1 ± 5.5 years;
49% female) were included in the analyses. Of the 380 partic-
ipants in the Olympic Study, 107 participated in the 13th
follow-up survey. Of these, six participants were excluded be-
cause their sarcopenia data were missing, resulting in a total
of 101 subjects (mean age 75.0 ± 4.4 years, 26% female) in-
cluded in the analyses.

Comparison of basic attributes

Basic attribute comparisons between the Olympic Study and
the Kashiwa Study are presented in Table 1. When comparing
former Olympic athletes and general older adults, there were
no significant differences in age among both sexes. When ba-
sic attributes were compared after adjusting for age, we
found no difference in BMI; however, skeletal muscle mass
and grip strength were significantly higher, whereas walking
speed under normal conditions and one-leg standing time
with open eyes were lower in the Olympic Study. Addition-
ally, the Olympic Study reported significantly higher musculo-
skeletal pain scores.

In terms of lifestyle, there were no differences in exercise
habits; however, there were differences between groups in
dietary habits. Athletes in the Olympic Study ate a signifi-
cantly higher proportion of seafood, eggs, vegetables, and
fruit at least once every 2 days. Further, former male Olympic
athletes ate a higher proportion of meat. Alcohol consump-
tion was significantly more prevalent among athletes in the
Olympic Study, and former male Olympic athletes had a sig-
nificantly considerable smoking habit. In terms of medical his-
tory, hypertension, heart disease, and stroke were less
common among the athletes in the Olympic Study, although
these results were not statistically significant. Former female
Olympic athletes were more likely to have depressive
symptoms.
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Comparison of sarcopenia and musculoskeletal
pain

Outcome comparisons between the Olympic Study and the
Kashiwa Study are presented in Table 2. Athletes in the Olym-
pic Study had a significantly lower prevalence of sarcopenia
compared with athletes in the Kashiwa Study, even after pro-
pensity score adjustments (men, 8.9% vs. 4.1%; women, 7.8%
vs. 4.0%), with this being a noteworthy association among
men. However, these trends differed when each component
of sarcopenia was compared. Although similar trends were
found among men and women, there were significantly fewer
Olympic Study subjects than Kashiwa Study subjects that had
low appendicular skeletal muscle mass (men, 32.2% vs.
22.9%; women, 40.1% vs. 15.4%). On the other hand, lower
physical function was significantly more common in the
Olympic Study (men, 3.0% vs. 10.7%; women, 1.9% vs.
4.0%), with this association being noteworthy among men.
There was no significant difference in the frequency of low

muscle strength. There were significantly more individuals,
particularly women, having any musculoskeletal pain after
adjusting for propensity scores in the Olympic Study.

Quantitative comparison of sarcopenia
components and musculoskeletal pain

When comparing sarcopenia components and musculoskele-
tal pain scores as a continuous variable, former Olympic
athletes of both sexes not only tended to have higher muscle
mass and strength but also tended to walk slower and have
higher musculoskeletal pain scores (Tables 3 and 4).

When comparing the results by continuation of exercise
habits after 50 years of age, there was significantly more
muscle mass and strength among former male Olympic ath-
letes who continued to exercise after 50 years of age, but
no significant association was found among those who did
not continue. However, regardless of the continuation of

Table 1 Comparison of characteristics between former Olympians and general older adults

Men

P*

Women

P*Community-dwellers Former Olympians Community-dwellers Former Olympians

Number of participants 779 75 747 26
Age, years 74.0 ± 5.5 75.5 ± 4.5 0.202 73.8 ± 5.4 74.4 ± 3.3 0.281
Physical measures
Body mass index, kg/m2 23.3 ± 2.8 23.7 ± 2.7 0.321 22.5 ± 3.1 22.2 ± 2.7 0.642
Appendicular SMI, kg/m2 7.29 ± 0.73 7.35 ± 1.2 <0.001 5.87 ± 0.64 7.39 ± 1.9 <0.001
Low appendicular SMI 32.2% 22.9% <0.001 40.1% 15.4% 0.001
Handgrip strength, kg 33.9 ± 5.9 36.1 ± 12 <0.001 22.0 ± 4.0 25.8 ± 8.5 <0.001
Low muscle strength 12.6% 12.3% 0.951 10.8% 8.7% 0.744
Usual gait speed, m/sec 1.51 ± 0.26 1.23 ± 0.20 <0.001 1.52 ± 0.24 1.29 ± 0.21 <0.001
Low physical performance 3.0% 10.7% 0.002 1.9% 4.0% 0.002
Sarcopenia 8.9% 4.1% 0.041 7.8% 4.0% 0.023
One-leg standing, time 60 (29–60) 27 (10–52) <0.001 60 (24–60) 20 (9–57) <0.001
Musculoskeletal pain score 2.0 (0.0–4.0) 3.0 (1.0–5.3) 0.002 2.0 (0.0–4.0) 4.0 (2.0–7.0) 0.006
Having musculoskeletal
pain, pain score >0

66.5% 74.7% 0.023 71.3% 87.5% 0.012

Daily habits
Current exercise 80.1% 73.3% 0.440 75.2% 24.0% 0.440
Food intake, >1/2 day
Meat 52.0% 63.0% 0.071 55.2% 83.3% 0.006
Fish 64.7% 81.1% 0.004 66.3% 84.0% 0.045
Eggs 63.2% 81.1% 0.002 62.2% 87.5% 0.012
Soy beans 78.8% 76.7% 0.675 85.3% 88.0% 0.705
Dairy products 81.6% 90.4% 0.060 90.9% 92.0% 0.850
Vegetables 48.7% 87.7% <0.001 62.2% 96.0% <0.001
Fruits 45.1% 84.9% <0.001 56.6% 80.0% 0.020
Alcohol, daily or quit 76.9% 87.8% 0.030 25.3% 61.5% <0.001
Smoking, daily or quit 72.5% 54.2% 0.001 5.4% 8.0% 0.566
Medical history
and chronic condition
Hypertension 46.5% 38.4% 0.183 39.0% 34.6% 0.655
Diabetes mellitus 15.7% 11.0% 0.285 9.0% 7.7% 0.822
Heart disease 21.4% 19.2% 0.652 14.2% 0.0% 0.075
Malignant neoplasm 19.4% 28.0% 0.056 10.6% 7.7% 0.637
Stroke 7.5% 4.1% 0.278 5.2% 0.0% 0.232
Depressive symptoms 9.9% 12.0% 0.561 15.8% 38.5% 0.002
Need for long-term support 1.5% 4.0% 0.138 5.1% 3.0% 0.633

SMI, skeletal muscle mass index.
*P-values that were adjusted by age using logistic regression.
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the exercise routine, former Olympians had rather worse re-
sults in walking speed and pain scores. Former female Olym-
pians had significantly higher muscle mass and strength as
well as poorer gait speed and pain score results, regardless
of whether they continued their exercise habits. Muscle mass
and strength differed more in women who continued to exer-
cise than in the general older population.

Sporting disciplines were classified according to three axes
(static, dynamic, and cardiovascular load exercise intensities)
and compared with sarcopenia and musculoskeletal pain
scores (Tables 3 and 4). When comparing the type of sporting
event, former male Olympians had significantly higher muscle
mass and strength than sports competitors with higher dy-
namic intensity and cardiovascular intensity; higher static in-
tensity was associated with muscle strength. Among women,
regardless of exercise intensity, former Olympians had signifi-
cantly higher muscle mass and strength than athletes with
high dynamic and cardiovascular intensities. Among men, for-
mer Olympians had a lower walking speed, regardless of exer-
cise intensity. Musculoskeletal pain scores tended to be higher
at lower exercise intensities, and athletes with more physical
contact were more likely to have musculoskeletal pain.

Discussion

In this study, we compared the prevalence of sarcopenia and
musculoskeletal pain status among former Tokyo 1964 Olym-
pic athletes and the general population of older adults living
in Kashiwa City, Chiba Prefecture. As previously stated, the
longitudinal Japanese dataset that tracked the Olympic Study
into old age was extremely valuable and unique, and valuable
insights were gained by comparing these data with a repre-
sentative dataset of typical community-dwelling older adults.

We observed a lower prevalence of sarcopenia in the Olympic
Study, particularly with regard to superior appendicular
skeletal muscle mass and muscle mass. This finding was more
evident among those who had continued their exercise habits
up to 50 years of age and in athletes whose sporting
discipline was classified as having a high exercise intensity.
Conversely, physical function was lower among the Olympic
Study, and this finding was higher in those who participated
in sports that required more physical contact. Musculoskele-
tal pain scores were also higher in the Olympic Study, mainly
in sports that were classified as having higher athletic inten-
sity and requiring more physical contact.

Although we observed a lower prevalence of sarcopenia in
the Olympic Study at old age, this association was not statis-
tically significant for athletes whose sporting discipline was
classified as ‘low intensity’ when compared with the Kashiwa
Study. This indicated the need for at least a moderate
exercise intensity to reduce the prevalence of sarcopenia.
This was also true for subjects who lost their exercise habits
by 50 years of age, although the relationship was more
pronounced for subjects who had exercised before 50 years
of age. These results suggest that maximizing muscle mass
in adolescence may lead to a higher appendicular skeletal
muscle mass in old age, contributing to sarcopenia preven-
tion. Another characteristic of the athletes in the Olympic
Study was their dietary choices. Although there were no
significant differences in current exercise habits compared
with the Kashiwa Study, former athletes consumed signifi-
cantly more protein-based foods, such as meat, fish, and
eggs, as well as more vegetables and fruits. Although the
relationship between diet and sarcopenia is often examined
in terms of dietary patterns rather than specific foods, it is
known that fewer new cases of sarcopenia occur in older
men who consume more protein, fruit, and vegetables.26,27

For former elite athletes, dietary choices made during active

Table 2 Comparison of prevalence of sarcopenia status and musculoskeletal pain between former Olympians and community-dwelling older adults

Low muscle
mass

Low muscle
strength

Low physical
performance Sarcopenia

Having any
musculoskeletal pain

aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI) aOR (95% CI)

Overall
Community-older

adults
1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Former Olympic
athletes

0.41 (0.24 to 0.70)* 0.79 (0.40 to 1.56) 2.60 (1.16 to 6.07)* 0.49 (0.20 to 0.94)* 2.22 (1.24 to 3.97)*

Men
Community-dwellers 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Former Olympic

athletes
0.47 (0.25 to 0.89)* 0.80 (0.37 to 1.73) 2.64 (1.04 to 6.74)* 0.37 (0.14 to 0.93)* 1.88 (1.04 to 3.58)*

Women
Community-dwellers 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
Former Olympic

athletes
0.26 (0.11 to 0.77)* 0.73 (0.17 to 3.22) 2.40 (0.30 to 19.93) 0.91 (0.21 to 4.03) 4.05 (1.12 to 16.54)*

Odds ratios were adjusted by propensity score calculated using age, sex, alcohol and smoking habits, medical history, and long-term sup-
port needs.
aOR, adjusted odds ratio; B, partial regression coefficient; CI, confidence interval; SE, standard error.
*Significant data points (P < 0.05).

344 T. Tanaka et al.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 339–349
DOI: 10.1002/jcsm.12663



Ta
b
le

3
Q
ua
nt
it
at
iv
e
co
m
pa
ri
so
n
of

co
-p
ri
m
ar
y
ou

tc
om

es
be

tw
ee
n
fo
rm

er
O
ly
m
pi
an
s
an
d
co
m
m
un

it
y-
dw

el
lin
g
ol
de

r
m
en

.

M
us
cl
e
m
as
s

M
us
cl
e
st
re
ng

th
Ph

ys
ic
al

pe
rf
or
m
an

ce
M
us
cu

lo
sk
el
et
al

pa
in
,

sc
or
e

A
pp

en
di
cu

la
r
SM

I,
kg

/m
2

H
an

dg
ri
p
st
re
ng

th
,k

g
U
su
al

ga
it
sp

ee
d,

m
/s

%
B
(9
5%

C
I)

B
(9
5%

C
I)

B
(9
5%

C
I)

B
(9
5%

C
I)

A
ll
Fo

rm
er

O
ly
m
pi
c
at
hl
et
es
’
m
en

10
0%

0.
19

(0
.0
7
to

0.
33

)*
2.
52

(0
.8
0
to

4.
25

)*
�0

.2
8
(�

0.
34

to
�0

.2
1)
*

0.
86

(0
.1
4
to

1.
59

)*
C
o
n
ti
n
u
in
g
ex

er
ci
se

af
te
r
ag

e
50

o
r
n
o
t

A
th
le
te
s
w
ho

st
op

pe
d
ex
er
ci
se

be
fo
re

ag
e
50

58
.7
%

0.
09

(�
0.
17

to
0.
52

)
1.
55

(�
1.
12

to
4.
23

)
�0

.2
7
(�

0.
35

to
�0

.1
9)
*

0.
77

(0
.1
7
to

1.
71

)*
A
th
le
te
s
w
ho

co
nt
in
ui
ng

ex
er
ci
se

af
te
r
ag

e
50

41
.3
%

0.
20

(0
.1
2
to

0.
52

)*
3.
12

(0
.9
9
to

5.
26

)*
�0

.2
9
(�

0.
38

to
�0

.1
9)
*

0.
99

(0
.0
8
to

2.
05

)*
D
if
fe
re
n
ce

s
in

sp
o
rt
s
d
is
ci
p
lin

ea

D
yn

am
ic

co
m
po

ne
nt

Lo
w

17
.3
%

�0
.4
2
(�

0.
89

to
0.
06

)
�1

.0
5
(�

4.
98

to
2.
87

)
�0

.3
2
(�

0.
46

to
�0

.1
7)
*

2.
14

(0
.4
3
to

3.
85

)*
M
id
dl
e

26
.7
%

0.
17

(�
0.
17

to
0.
51

)
�0

.1
5
(�

3.
08

to
2.
79

)
�0

.3
0
(�

0.
42

to
�0

.1
9)
*

�0
.0
1
(�

1.
23

to
1.
20

)
H
ig
h

56
.0
%

0.
27

(0
.0
1
to

0.
55

)*
5.
33

(3
.0
2
to

7.
64

)*
�0

.2
5
(�

0.
33

to
�0

.1
6)
*

1.
02

(0
.0
3
to

2.
00

)
St
at
ic

co
m
po

ne
nt

Lo
w

21
.3
%

�0
.3
3
(�

0.
75

to
0.
09

)
�1

.6
1
(�

5.
25

to
2.
04

)
�0

.2
8
(�

0.
42

to
�0

.1
4)
*

2.
12

(0
.5
5
to

3.
68

)*
M
id
dl
e

37
.3
%

0.
27

(�
0.
02

to
0.
56

)
3.
31

(0
.9
0
to

5.
71

)*
�0

.2
7
(�

0.
36

to
�0

.1
7)
*

0.
39

(�
0.
64

to
1.
42

)
H
ig
h

41
.3
%

0.
01

(�
0.
32

to
0.
33

)
3.
55

(0
.8
5
to

6.
25

)*
�0

.2
1
(�

0.
31

to
�0

.1
0)
*

0.
69

(�
0.
48

to
1.
85

)
C
ar
di
ov

as
cu

la
r
de

m
an

ds
Lo

w
9.
3%

�0
.8
1
(�

1.
43

to
�0

.3
0)
*

�3
.3
5
(�

1.
42

to
3.
39

)
�0

.3
4
(�

0.
54

to
�0

.1
4)
*

2.
48

(0
.2
9
to

4.
68

)*
M
id
dl
e

45
.3
%

0.
10

(�
0.
18

to
0.
39

)
0.
98

(�
1.
42

to
3.
39

)
�0

.2
8
(�

0.
37

to
�0

.1
9)
*

0.
82

(�
0.
21

to
1.
84

)
H
ig
h

45
.3
%

0.
40

(0
.1
0
to

0.
69

)*
5.
50

(2
.9
9
to

8.
01

)*
�0

.2
6
(�

0.
36

to
�0

.1
7)
*

0.
54

(�
0.
52

to
1.
60

)
Ph

ys
ic
al

co
nt
ac
t

N
on

-c
on

ta
ct

41
.3
%

0.
51

(0
.2
1
to

0.
82

)*
0.
23

(�
0.
24

to
2.
82

)
�0

.2
4
(�

0.
34

to
�0

.1
5)
*

0.
52

(�
0.
58

to
1.
63

)
Li
m
it
ed

-c
on

ta
ct

29
.3
%

�0
.3
8
(�

0.
76

to
0.
01

)
4.
99

(1
.7
8
to

8.
19

)*
�0

.2
8
(�

0.
41

to
�0

.1
6)
*

0.
79

(�
0.
58

to
2.
16

)
C
on

ta
ct

29
.3
%

0.
05

(�
0.
28

to
0.
38

)
3.
42

(0
.5
5
to

6.
29

)*
�0

.3
5
(�

0.
42

to
�0

.2
1)
*

1.
31

(0
.1
2
to

2.
50

)*

St
at
is
ti
c
va
lu
es

w
er
e
ad

ju
st
ed

by
a
pr
op

en
si
ty

sc
or
e
ca
lc
ul
at
ed

us
in
g
ag

e,
al
co

ho
la

nd
sm

ok
in
g
ha

bi
ts
,m

ed
ic
al

hi
st
or
y,

an
d
lo
ng

-t
er
m

su
pp

or
t
ne

ed
s.

B,
pa

rt
ia
lr
eg

re
ss
io
n
co

ef
fi
ci
en

t;
C
I,
co

nfi
de

nc
e
in
te
rv
al
;S

M
I,
sk
el
et
al

m
us
cl
e
m
as
s
in
de

x.
a,
Th

e
in
cr
ea

si
ng

dy
na

m
ic
in
te
ns
it
y
w
as

de
fi
ne

d
in

te
rm

s
of

th
e
es
ti
m
at
ed

pe
r
ce
nt

of
m
ax
im

al
ox

yg
en

up
ta
ke

ac
hi
ev
ed

an
d
re
su
lt
ed

in
an

in
cr
ea

se
d
ca
rd
ia
c
ou

tp
ut
.T

he
in
cr
ea

si
ng

st
at
ic

co
m
po

ne
nt

w
as

re
la
te
d
to

th
e
es
ti
m
at
ed

pe
r
ce
nt

of
m
ax
im

al
vo

lu
nt
ar
y
co

nt
ra
ct
io
n
re
ac
he

d
an

d
re
su
lt
ed

in
an

in
cr
ea

se
d
bl
oo

d
pr
es
su
re

lo
ad

.T
he

to
ta
lc
ar
di
ov

as
cu

la
r
de

m
an

ds
w
er
e

co
ns
id
er
ed

by
ca
rd
ia
c
ou

tp
ut

an
d
bl
oo

d
pr
es
su
re
.

* S
ig
ni
fi
ca
nt

di
ff
er
en

ce
(P

<
0.
05

)
co

m
pa

re
d
w
it
h
co

m
m
un

it
y-
dw

el
lin

g
ol
de

r
ad

ul
ts

as
re
fe
re
nc

e
gr
ou

p.

Comparison between former Olympians and general older adults 345

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 339–349
DOI: 10.1002/jcsm.12663



Ta
b
le

4
Q
ua
nt
it
at
iv
e
co
m
pa
ri
so
n
of

co
-p
ri
m
ar
y
ou

tc
om

es
be

tw
ee
n
fo
rm

er
O
ly
m
pi
an
s
an
d
co
m
m
un

it
y-
dw

el
lin
g
ol
de

r
w
om

en

M
us
cl
e
m
as
s

M
us
cl
e
st
re
ng

th
Ph

ys
ic
al

pe
rf
or
m
an

ce
M
us
cu

lo
sk
el
et
al

pa
in
,s
co

re
A
pp

en
di
cu

la
r
SM

I,
kg

/m
2

H
an

dg
ri
p
st
re
ng

th
,k

g
U
su
al

ga
it
sp

ee
d,

m
/s

%
B
(S
E)

B
(S
E)

B
(S
E)

B
(S
E)

A
ll
Fo

rm
er

O
ly
m
pi
c
at
hl
et
es
’
w
om

en
10

0%
1.
48

(1
.1
9
to

1.
77

)*
4.
34

(2
.5
3
to

6.
15

)*
�0

.2
4
(�

0.
34

to
�0

.1
4)
*

2.
02

(0
.8
0
to

3.
23

)*
C
o
n
ti
n
u
in
g
ex

er
ci
se

af
te
r
ag

e
50

o
r
n
o
t

A
th
le
te
s
w
ho

st
op

pe
d
ex
er
ci
se

be
fo
re

ag
e
50

57
.7
%

1.
23

(0
.8
6
to

1.
60

)*
2.
69

(0
.3
7
to

5.
02

)*
�0

.2
7
(�

0.
40

to
�0

.1
4)
*

2.
14

(0
.5
4
to

3.
74

)*
A
th
le
te
s
w
ho

co
nt
in
ui
ng

ex
er
ci
se

af
te
r
ag

e
50

42
.3
%

1.
86

(1
.4
1
to

2.
30

)*
6.
72

(3
.9
3
to

9.
50

)*
�0

.1
9
(�

0.
34

to
�0

.0
4)
*

1.
85

(0
.0
3
to

3.
67

)*
D
if
fe
re
n
ce

s
in

sp
o
rt
s
d
is
ci
p
lin

ea

D
yn

am
ic

co
m
po

ne
nt

Lo
w

23
.1
%

2.
35

(1
.7
8
to

2.
93

)*
0.
36

(�
3.
05

to
3.
77

)
�0

.1
7
(�

0.
37

to
0.
03

)
2.
78

(0
.2
0
to

5.
36

)*
M
id
dl
e

42
.3
%

1.
51

(1
.0
8
to

1.
93

)*
3.
83

(1
.0
5
to

6.
60

)*
�0

.2
4
(�

0.
39

to
�0

.0
9)
*

2.
05

(0
.2
3
to

3.
87

)*
H
ig
h

34
.6
%

0.
81

(0
.3
2
to

1.
31

)*
8.
30

(5
.1
7
to

11
.4
3)
*

�0
.2
8
(�

0.
45

to
�0

.1
1)

1.
51

(�
0.
52

to
3.
54

)
St
at
ic

co
m
po

ne
nt

Lo
w

34
.6
%

1.
65

(1
.1
7
to

2.
13

)*
5.
43

(2
.0
2
to

8.
84

)*
�0

.2
6
(�

0.
44

to
�0

.0
8)
*

2.
65

(0
.6
2
to

4.
68

)*
M
id
dl
e

50
.0
%

0.
69

(0
.3
1
to

1.
07

)*
3.
78

(1
.3
6
to

6.
21

)*
�0

.2
6
(�

0.
39

to
�0

.1
3)
*

1.
39

(�
0.
27

to
3.
06

)
H
ig
h

15
.4
%

3.
71

(3
.0
4
to

4.
39

)*
4.
38

(0
.2
1
to

8.
56

)*
�0

.1
2
(�

0.
36

to
0.
12

)
2.
82

(�
0.
48

to
6.
12

)
C
ar
di
ov

as
cu

la
r
de

m
an

ds
Lo

w
42

.3
%

1.
24

(0
.8
0
to

1.
68

)*
2.
17

(�
0.
79

to
5.
13

)
�0

.2
6
(�

0.
42

to
�0

.1
0)
*

2.
67

(0
.8
4
to

4.
49

)*
M
id
dl
e

26
.9
%

2.
60

(2
.0
7
to

3.
12

)*
2.
78

(�
0.
37

to
5.
92

)
�0

.1
5
(�

0.
33

to
0.
03

)
1.
55

(�
1.
01

to
4.
11

)
H
ig
h

30
.8
%

0.
81

(0
.3
2
to

1.
30

)*
8.
30

(5
.1
7
to

11
.4
3)
*

�0
.2
8
(�

0.
45

to
�0

.1
1)
*

1.
51

(�
0.
52

to
3.
54

)
Ph

ys
ic
al

co
nt
ac
t

N
on

-c
on

ta
ct

42
.3
%

0.
85

(0
.4
3
to

1.
27

)*
5.
43

(2
.8
0
to

8.
07

)*
�0

.1
7
(�

0.
38

to
�0

.1
1)
*

1.
35

(�
0.
56

to
3.
26

)
Li
m
it
ed

-c
on

ta
ct

38
.5
%

1.
64

(1
.1
7
to

2.
10

)*
6.
19

(3
.0
4
to

9.
33

)*
�0

.2
4
(�

0.
39

to
�0

.1
0)
*

2.
27

(0
.3
5
to

4.
19

)*
C
on

ta
ct

19
.2
%

2.
61

(1
.9
9
to

3.
24

)*
�0

.5
4
(�

4.
28

to
3.
20

)
�0

.2
7
(�

0.
44

to
�0

.1
0)
*

2.
79

(0
.2
1
to

5.
36

)*

St
at
is
ti
c
va
lu
es

w
er
e
ad

ju
st
ed

by
a
pr
op

en
si
ty

sc
or
e
ca
lc
ul
at
ed

us
in
g
ag

e,
al
co

ho
la

nd
sm

ok
in
g
ha

bi
ts
,m

ed
ic
al

hi
st
or
y,

an
d
lo
ng

-t
er
m

su
pp

or
t
ne

ed
s.

B,
pa

rt
ia
lr
eg

re
ss
io
n
co

ef
fi
ci
en

t;
C
I,
co

nfi
de

nc
e
in
te
rv
al
;S

M
I,
sk
el
et
al

m
us
cl
e
m
as
s
in
de

x.
a,
Th

e
in
cr
ea

si
ng

dy
na

m
ic
in
te
ns
it
y
w
as

de
fi
ne

d
in

te
rm

s
of

th
e
es
ti
m
at
ed

pe
r
ce
nt

of
m
ax
im

al
ox

yg
en

up
ta
ke

ac
hi
ev
ed

an
d
re
su
lt
ed

in
an

in
cr
ea

se
d
ca
rd
ia
c
ou

tp
ut
.T

he
in
cr
ea

si
ng

st
at
ic

co
m
po

ne
nt

w
as

re
la
te
d
to

th
e
es
ti
m
at
ed

pe
r
ce
nt

of
m
ax
im

al
vo

lu
nt
ar
y
co

nt
ra
ct
io
n
re
ac
he

d
an

d
re
su
lt
ed

in
an

in
cr
ea

se
d
bl
oo

d
pr
es
su
re

lo
ad

.T
he

to
ta
lc
ar
di
ov

as
cu

la
r
de

m
an

ds
w
er
e

co
ns
id
er
ed

by
ca
rd
ia
c
ou

tp
ut

an
d
bl
oo

d
pr
es
su
re
.

* S
ig
ni
fi
ca
nt

di
ff
er
en

ce
(P

<
0.
05

)
co

m
pa

re
d
w
it
h
co

m
m
un

it
y-
dw

el
lin

g
ol
de

r
ad

ul
ts

as
re
fe
re
nc

e
gr
ou

p.

346 T. Tanaka et al.

Journal of Cachexia, Sarcopenia and Muscle 2021; 12: 339–349
DOI: 10.1002/jcsm.12663



training may have led to healthy dietary habits in old age,
which in turn may be related to sarcopenia prevention. Based
on the above, we believe that the results of the present study
support the hypothesis that exercise habits adapted during
adolescence and adulthood contribute to a healthier aging
process. In other words, the establishment of a solid founda-
tion of healthy and active lifestyles during adolescence may
have had a positive impact on eating habits in old age, which,
combined with the muscle mass accumulated early in life,
may have carried over into old age as above-average muscle
mass. Differences in muscle mass were particularly pro-
nounced in women. While this could be considered to be
due to the extreme superiority of female former Olympians,
there was no significant difference in BMI values, suggesting
that the muscle mass of Japanese women may be too low.

Contrastingly, the present study showed that the Olympic
Study had lower physical functioning and higher musculoskel-
etal pain scores. This finding was significantly more common
in those who ceased their exercise habits before age 50 and
in athletes who competed in high-intensity sports. Based on
these results, competition in sports with high intensity and
physical contact may result in reduced physical function and
chronic musculoskeletal pain in old age. Additionally, the
Olympic Study subjects who lost their exercise habits before
age 50 reported lower physical functioning.

The Olympic Study subjects had superior appendicular skel-
etal muscle mass and also less frequently reported a history
of hypertension and heart disease; therefore, we expected
that mortality would be lower in this group as described in
previous studies.11–13 However, concerning musculoskeletal
pain, it is known that the prevalence of chronic musculoskel-
etal pain increases with age,28 and musculoskeletal pain in old
age is also a risk factor for reduced daily living activities, phys-
ical and social frailty, and depression.29–31 Therefore, we be-
lieve that this decline in physical function and increase in
musculoskeletal pain may lead to limitations in daily life and
social participation, which must be addressed with respect
to QoL. Although it is essential to improve physical function
in adulthood and into old age, it is also vital to prevent inju-
ries and motor impairment. Injury prevention in adulthood
has a positive long-term impact on health in old age.

This study had some limitations that should be addressed.
Firstly, this study used the Kashiwa Study dataset as a repre-
sentative of the general older population for comparison, and
a propensity score was calculated to resolve differences in ba-
sic attributes between the two cohorts and to account for the
smaller sample size of the former Olympic Study cohort.
However, the propensity score was calculated only by mea-
sures that were uniformly evaluated between groups, and
therefore, potentially significant confounding factors may
have been overlooked in our analyses. Secondly, the two co-
horts differed in their timing and surveying methods. The use
of different measurement equipment may have had a minor
effect on the values obtained. Thirdly, the effects of selection

bias (healthy volunteer effect and survival effect) cannot be
ruled out, as the data in this study are from cohorts that
cooperated with their own studies and its follow-ups, partic-
ularly in the case of the former Olympic athlete cohort, who
have been cooperating with the survey for many years. How-
ever, because both surveys were conducted on the assump-
tion that the older participants were able to come to the
survey site by themselves, it is unlikely that the different sur-
vey methods had a significant impact on the level of indepen-
dence of the subjects.

Conclusions and Implications

In this study, we analysed the cohort data that followed the
lives of former Tokyo Olympians athletes and compared
their experience of sarcopenia and musculoskeletal pain
status with that of the general older population. We
observed a lower prevalence of sarcopenia and superior
appendicular skeletal muscle mass and muscle strength in
the former Olympians, especially among those who contin-
ued their exercise habits as well as those whose sporting
discipline was classified as having a high exercise intensity.
Conversely, low physical function and higher musculoskeletal
pain were more prevalent in the Olympic Study, especially
among athletes who competed in sports with physical
contact. In conclusion, there is a need to encourage physical
activity in adolescence and adulthood while providing ade-
quate education to prevent the development of sarcopenia
and musculoskeletal pain in old age.
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