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Project Summary

Chair, Sport Medicine and Science Research Committee, Japan Sport Association

1. Project background

This project was originally started as the Olympic
Medical Archives (OMA). The OMA was an initiative by the
International Federation of Sports Medicine (FIMS), in
collaboration with the International Olympic Committee
(I0C), the National Olympic Committee (NOC), and the
World Health Organization (WHO) to use the Games of the
Olympiad held in Tokyo in 1964 (hereafter, “TOKYO1964")
as an opportunity to survey the health and physical fitness
of athletes who took part in the Olympic Games over their
entire lives and preserve a records of this survey in the
Olympic Museum in Lausanne, Switzerland. However, the
number of participating countries decreased in 1972, and
the OMA was discontinued. Considering of the significance
and importance of this initiative, the Sports Science
Committee of the Japan Sport Association decided in 1968
to conduct surveys and measurements every four years
under the name “Tokyo Olympic Commemoration Physical
Fitness Study” and has continued to do so to the present.
Since the 10th study in 2005, it has been conducted as
joint research between the Japan Sport Association and the
Japan Institute of Sports Sciences (JISS).

2. Survey subjects

Although 355 athletes (294 men and 61 women) competed
in the TOKYO1964(hereafter, “TOKYO1964 Olympians”),
the questionnaire surveys, physical fithess measurements,
and medical examinations and consultations targeted
380 individuals (314 men and 66 women) that included
candidate athletes. Figure 1 shows the changes in athletes
who participated in the questionnaire surveys as well as
those who participated in the physical fitness measurements
and medical examinations and consultations for male and
female separately. At the time of the most recent study (the
13th) in 2016, the questionnaire surveys were sent to 273
people, excluding 80 deceased individuals (75 men and 5
women) and 27 who could not be located. Of the 177 who
responded, 132 were men and 45 women. The ages of the
respondents were 75.4%x3.6 (76.0£3.5 for the men and
73.5+3.3 for the women). Of these, 106 (79 men and 27
women) had undergone physical fitness measurements and
medical examinations and consultations.
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Figure 1: Changes in questionnaire survey and
measurement participants
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3. Survey items
The first time this study was done (1968), only the
questionnaire surveys, physical fithess measurements, and
general clinical examinations were conducted. Orthopedic
examinations were added starting from the third in 1976,
with internal medicine examinations added from the sixth in
1988 and dental examinations added from the 11th in 2008.
Surveys of locomotive syndrome, frailty, and sarcopenia were
conducted at the 13th in 2016. The survey items were as
follows.
1) Questionnaire survey
» Occupation, marital status, number of children, smoking,
drinking, sleep, diet, sporting history, exercise habits,
health status, injuries, diseases, etc.
2) Physical fitness measurements
* Morphology: Body weight, body length, sitting height,
chest circumference, abdominal circumference,
subcutaneous fat, limb circumference
«Function: Back strength, grip strength, arm flexion
strength, leg extension strength, vertical jump, repeated
side steps, whole body reaction time, anteflexion, upper
body deflection, whole body endurance
* The ages of the subjects were also taken into
consideration, and starting from the 10th measurements
in 2005, only morphology, grip strength, long-seated
anteflexion, one-leg standing with eyes closed, and one-
leg standing with eyes open were investigated.
3) General clinical examinations: Blood pressure,
electrocardiogram, chest x-ray, blood tests, urine tests
4) Orthopedic examinations
« Survey on hip, knee, and other pain
- Consultations, knee and hip x-ray examinations, bone
density
5) Internal medicine consultations
6) Dental consultations
7) Frailty, sarcopenia, locomotive syndrome

4, Summary of survey results

Many of the TOKYO1964 Olympians continued exercise
habits even after retiring from competition, and even in old
age maintain higher muscle strength than in the general
population. They had lower incidences of hypertension,
diabetes, and dyslipidemia than the general population,
and their mortality rates were low, however many cases
of hyperuricemia and gout were observed. Also, although
bone density had been maintained at a high level even
after reaching old age, many complained of body pain, and
a tendency to have lessened balance ability and walking
speed than the elderly in general was observed.

It is often beneficial to one’s health to devote oneself to
sports in adolescence and stay in the habit of participating
in sports afterwards, but as many athletes complain of
body pain in old age, it seems important to prevent injury
and disability when competing during adolescence to the
greatest extent possible and avoid neglecting taking care of
one’s body.

Acknowledgments: This survey was conducted over a long
period of time with the cooperation of a great many people,
and we would like to thank all those who cooperated as well
as the TOKYO1964 Olympians who agreed to undergo the
measurements.



. Changes in State of Physical Fitness and Engagement in Exercise/Sports

in Athletes Who Represented Japan at the TOKYO1964 Olympians
Morioka’ Y ............................................................................................................................ 20

. Orthopedic Evaluation of Motor Organs
(Bone Mineral Density, Lumbar Spine/Knee Joint Pain, Degenaration and Locomoter Function)

Nakajima, K, eeeeeeeneeneneeneeeeneeeenseesnsneeesrerectesecteseosessosesestesestetectotectetectesestecsstectstettstetsstetactocactens 22

. Prevalence of Lifestyle-related Disease
Kamahara’ | R R P TR PR 24

. The Relationship Between the State of Engagement in Exercise/Sports and Medical

Evaluations: Dental Evaluations
(1Y e T L LR E T PP PP PP 26

. Physiological Response of the Athletic Heart — The Athletic Heart is a Reversible Change
Ashikaga, K', Yoneyama' K.' Musha, [ T LT T T 28

. New findings with a focus on frailty from a comparison between the TOKYO1964
Olympians and local elderly people in general: Former Olympic athletes representing
Japan have high muscle mass and strength even in old age, but tend to have

musculoskeletal pain and reduced walking speed
Tanaka, T" I|J|ma, K ................................................................................................................ 30

. Do Athletes Who Compete in the Olympic Games Live a Long Time?
~Vital prognoses of the TOKYO1964 Olympians

Kitamura’ Y., Takeuchi, T eeeeeeeeeeeeeenereanereceereceeresaececeosecsorecestessotessctesscsessssecsssessstecsctessctocscsccscscns 32

. Effects of Post-Retirement Changes in Physical Fitness and Weight on the Health of

the TOKYO1964 Olympians
Sawada, S_, NAGASAKA’ N D e 34




NN\

20

Changes in State of Physical Fitness and Engagement in Exercise/Sports
in Athletes Who Represented Japan at the TOKYO1964 Olympians

Yasunori Morioka", Soya Ishizuka?, Hiroshi Aono?, Shizuo Ito?

1) Nihon University; 2) Japan Sport Association; 3) Tokyo Marathon Foundation

@®Overview of study results

*Differences between the TOKYO1964 Olympians and
Average Japanese in terms of strength, power, and agility
tended to remain nearly constant until old age, but no
clear differences between the two groups in the tendency
for these to decline with age were observed.

*Individual differences (deviations) were great in terms
of flexibility and balance, and a tendency for these to
be worse in the TOKYO1964 Olympians than in Average
Japanese was also observed.

*The ratio of both male and female of the TOKYO1964
Olympians who engage in exercise/sports at least once
a week trended higher than that of Average Japanese
from adolescence to middle age, but this difference with
Average Japanese tended to gradually lessen as the
athletes grew older.

@®Physical fitness

About 20% of the total number of samples of male
TOKYO1964 Olympians had lower strength (grip strength
measured from the first through to 13th measurements) than
Average Japanese (Society for Physical Fitness Standards
Research in Tokyo Metropolitan University, 2007). However,
almost all of the women far exceeded Average Japanese,
and strength tended to be higher on average than Average
Japanese in both male and female athletes. Also, strength
in both male and female TOKYO1964 Olympians gradually

declined starting from about age 30, and this downward
trend with aging was similar to that of Average Japanese (Fig.
1). This tendency also held true for back strength measured
from the first through ninth measurements.

In addition, power (vertical jump) decreased linearly
with age for both the TOKYO1964 Olympians and Average
Japanese, but the difference between the two tended to be
maintained until old age (Fig. 2). Since the same tendency
was also observed in agility (repeated horizontal jump), this
can be said to suggest that the “carry-over effect” (Fig. 3)
of the physical fitness element that had been heightened
during adolescence can also be expected for power and
agility in the same way as for strength.

Note that flexibility (standing-type body anteflexion, long
seat-type body anteflexion) and balance (standing on one
leg with eyes closed; standing on one leg with eyes open)
deviated greatly for both men and women, and it was not
possible to identify fixed trends including changes with age,
such as most of the TOKYO1964 Olympians exhibiting lower
values than Average Japanese. Changes in balance with
age are said to be conspicuous especially among functional
items, but it seems necessary to include such factors as
aging mechanisms in balance functions and the influence of
lower limb alignment when considering this point.

@State of engagement in exercise/sports
The ratio of individuals who engaged in exercise/sports
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Exercise and sports activities

Health and physical fitness

Age

Figure 3: Carry-over effect on health and physical fitness
(schematic)

(hereinafter, “the active” ) more than once per week at
the time of the fourth measurement (men 40.3 years old;
women 38.4 years old) after the end of the TOKYO1964
when most of TOKYO1964 Olympians are thought to have
ceased active competition was 56.1% for the male athletes
and 72.7% for the female athletes, which was much greater
than for Average Japanese, which for men in their 40s
was 34.3% and for women in their 30s was 30.2% (Fig. 4:
this data for Average Japanese used for comparison was
obtained by referencing the data for the same time period
and generation in the "Public Opinion Survey on Physical
Fitness and Sports" by the Prime Minister's Office, Cabinet
Office, and Ministry of Education, Culture, Sports, Science
and Technology and "Public Opinion Survey on State of
Engagement in Sports, Etc." by the Japan Sports Agency).

From their 40s to their mid-50s (men at 56.4 years
old and women at 54.5 years old at time of the eighth
measurement), the male TOKYO1964 Olympians went from
56.1% to 45.6% and the women from 72.7% to 56.0%,
demonstrating a decline in both sexes, but these figures
were as ever higher than those of Average Japanese (32.3%
for men in their 50s and 41.7% for women). After that, until
the 13th measurement (men at 76.0 years old and women at
73.5), both male and female TOKYO1964 Olympians showed
an increase or decrease to about 60% (i.e., remained at
a high level), but after around the age of 70 the ratio in
Average Japanese was slightly higher.

@Conclusion

Opinions concerning whether there is a relationship
between past exercise habits and current health and
physical fitness are varied, but it also has been pointed
out that there is a moderate correlation between past

exercise experience and current exercise habits (Suzuki
and Nishijima, 2005). The “carry-over effect” apparent in
elements of physical fithess such as grip strength in the
TOKYO1964 Olympians is presumed to be attributable
to their higher rates of engagement in exercise/sports
following retirement from active competition through the
prime working years of middle age until reaching old age
in comparison with Average Japanese. It has been pointed
out in many domestic and international studies that grip
strength is highly correlated with strength in many parts of
one's entire body and is also associated with both overall
and causal mortality as well as disease risk. The fact that
exercise/sports habits and physical fitness factors from
adolescence have been carried over to middle and old age
while producing synergistic and cyclical effects suggests
the possibility that the TOKYO1964 Olympians were more
confident in their own health and physical fitness compared
to Average Japanese, and this also relates to such matters
as their tendency to have low rates of certification for
nursing care (Japan Sports Association, 2016).

Therefore, it can probably be said that establishing
exercise and sports practices in childhood and adolescence
and habituating them throughout life is one of the
necessary elements for living a healthy and prosperous life
even through middle and old age.
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Orthopedic Evaluation of Motor Organs
(Bone Mineral Density, Lumbar Spine/Knee Joint Pain, Degenaration and Locomoter Function)

Kohei Nakajima', Atsuto Hoshikawa?, Mika Hangai®”, Toru Okuwaki?

@Overview of study results

*We conducted a study of the bone mineral densities(BMD)
as well as symptoms and changes in the locomotor organs of
TOKYO1964 Olympians and were thought to have been exposed
to high exercise load environments while young.

*The percentage of the athletes who “experience pain” in
the lumbar spine and knee joints, which are typical locomotor
organs, increased over time, and at the time of the 2016 (13th)
survey when the average age of the athletes was 75.5 (average
ages of men and women were 73.9 and 76.1, respectively),
48.5% (48.1% and 50.0% of the men and women, respectively)
of the athletes experienced pain in the lumbar spine, and 40.6%
(35.4% and 51.9% of the men and women, respectively) of the
athletes experienced pain in the knee joints (Figurel, 2).

*Progression of “osteoarthritis(OA)” (Kellgren-Lawrence
Classification Grade 2 or worse) in the lumbar spine and knee
joint with time was evident even in simple radiography-based
evaluations; 90.6% (91.4% and 88.9% of the men and women,
respectively) of the athletes presented with OA in the lumbar
spine and 50.9% (44.3% and 70.3% of the men and women,
respectively) of the athletes presented with OA in the knee
joint. However, it seems that their locomotor organs had been
able to maintain a high level of functioning even while the
athletes sensed pain and dysfunction in said organs.

+ “Bone Mineral Density; BMD” was maintained at extremely
high values compared to the average values of healthy young
adults, and this was found to correlate with muscle strength
and muscle mass.

*Based on the above, while it appears that a sufficiently high-
load exercise environment during youth causes age-appropriate
changes and symptoms in the motor organs, motor organ
functioning and bone density can be maintained at high levels
mainly due to muscle mass and muscle strength accumulated
during youth.

@Characteristics of locomotor organs in the elderly

Locomotor organs are the only body organs that
people can use at their will to move their body.
However, it is known that upon reaching old age,
various changes and impairments manifest in the
structures and functioning of locomotor organs.
For this reason, treatment of the osteoporosis that
causes vulnerable fractures and exercise therapy
for maintaining motor function are recommended as
approaches for dealing with locomotor disorders in
the elderly.

Also, it is said that the locomotor organs of the
elderly are impacted by the past lifestyles and habits
of individuals, and physical fitness measurements
and medical checks of the TOKYO1964 Olympians
thought to have had sufficient exercise loads and
exercise habits while young have been conducted

Men
--Lower back pain at time of survey

1) Japan Institute of Sports Sciences; 2) Saitama Medical Center

Women

Figure 1: Presence/absence of lower back
pain at time of survey (respective
averages for men and women)

*Ratio of general population (age 50 or older) with
lower back pain is 30% (28 3% and 31.2% for men
and women, respectively)® (Muraki et al., 2012)

¥¥Ratio of general population (60s and ’705) with

lower back pain® (Yoshimura et al., 2014)

every year in the 52 years from the year in which the TOKYO1964
were held through 2016. These surveys can now be said to be
valuable data on the locomotor organs of the elderly, and herein
follows a description of the evaluations of the functioning and
joints of the lumbar spine and knee, which are typical locomotor
organs, as well as whole body BMD based on the results of the
physical fitness measurements and medical checks conducted in
2016 (13th survey). Incidentally, the average age of the athletes
who had represented Japan in the TOKYO1964 at the time of
the 2016 survey was 75.5 (76.1 and 73.9 for women and men,
respectively).

@Joint pain
We investigated the presence or absence of persistent pain in
the lower back and knee joints at the time of each survey.

(1) Lower back pain (Fig. 1): The percentage of the athletes
who responded that they “currently have persistent lower
back pain” was 28.0% (28.1% and 29.1% for men and women,
respectively) at the time of the 10th survey (with an average
age at the time of the survey of 64.9) conducted in 2005, but
afterwards this gradually increased and by 2016 (13th survey)
48.5% (48.1% and 50.0% for men and women, respectively)
were experiencing lower back pain. Meanwhile, in surveys
targeting the general population, it is said that there is little
change with age from age 50, and the percentage of people
who experienced lower back pain was approximately 30%
(28.3% and 31.2% for men and women, respectively)?.

(2) Knee joint pain (Fig. 2): The percentage of the athletes who
responded that they “currently have persistent knee joint
pain” was 17.3% (17.2% and 34.5% for men and women,
respectively) in 2005 (10th survey), but as was the case for
lower back pain this had increased by 2016 (13th survey) to
40.6% (35.4% and 51.9% for men and women, respectively).
In surveys targeting the general population, the incidence of
this in those age 60 or older is 32.8% (24.1% and 37.6% for
men and women, respectively)®, and a comparison of these

Women
at time of survey

Men
-—Knee

Figure 2: Presence/absence of knee pain at
time of survey (respective averages
for men and women)

*%Ratio of general population (age 60 or older)
with knee pain is 32.8% (24.1 % and 37.6% for
men and women, respectively)® (Muraki et al.,
2012)

¥3¥Ratio of general population (60s and 70s) with

lower back pain® (Yoshimura et al., 2014)
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severity at time of 2016 evaluation
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shows that, considering the increases attributable to age,
there seems to be no major difference between them.

@®Degenerative change of the joint
In the evaluations of the joints, radiography of the knee joint
and lumbar spine (anterior-posterior/lateral) has been performed

since the 4th survey (1980), and from the 10th survey (2005),

joints have been evaluated using a 5-level evaluation (0 to IV)

based on the Kellgren-Lawrence (K-L) classification® that is

widely used to evaluate the severity of OA.

(1) Osteoarthritic changes in the lumbar spine (Fig. 3): The ratio
of athletes who presented with changes attributable to OA
of Grade 2 (mild) or worse under the K-L classification was
81.2% in 2005, but it had increased to 90.6% (91.1% and
88.9% for men and women, respectively) (Fig. 5) at the time
of the evaluation in 2016.

(2) Osteoarthritic changes in the knee joint (Fig. 4): The ratio
of athletes who presented with findings of mild or worse
(K-L>II ; same level OA severity of the lumbar spine) OA in
2005 was 47.3%, but this did not change significantly by
2016 when it was 46.7% (41.1% and 63.0% for men and
women, respectively). However, the ratio of athletes with
severe symptoms seems to have increased, and 6 of them (all
women) had undergone knee replacement surgery, etc. There
was a difference between men and women with respect
to the knee joint, with the changes in the joints of women
describable as more conspicuous (Fig. 5). Compared with

value of bone mass for young people (ages 20 to 44; young
adult mean, or YAM), and no athletes had clinically diagnosable
osteoporosis (Table 1).

The body measurement values (body length, body weight, BMI,
and grip strength) of the TOKYO1964 Olympians were compared
to the values7) for members of the age matched general public in
order to investigate the reasons why BMD had been maintained
at a high level, and while maintaining standard BMI, the athletes
had greater body length and body weight except for some age
groups, with grip strength in particular being superior in all age
groups, and it seems that the athletes representing Japan in the
TOKYO1964 enjoyed superior physiques, with a great deal of
muscle mass (Table 2). Also, a positive correlation was observed
between BMD, muscle mass, and grip strength, and the greater
the muscle mass or grip strength, the higher the BMD (Fig. 7).

However, we were unable to find any significant association
between current exercise habits and muscle mass, grip strength,
or BMD, and at the very least it seems likelier that exercise load
and habits when young were what affected muscle mass, grip
strength, and BMD rather than current exercise habits (Fig. 8).
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@®Bone Mineral Density Standing test
BMD(whole body) has been evaluated
since the 8th survey (1997), but because

the measurement instruments differed
Geriatric Locomotive

in the various times when measurements i
unction Scale

25-question

Men Women

Survey when
implemented

method
8th suvey (1997)|Quantiate trsound (QUS) method

maimum vlue) YAM= 80
90.30%(71.0-113.0) 13(12.1%)
93.80%(74.0-118.0)  9(8.0%)
97.00%(78-118.7)  3(2.5%)
96.40%(75.0-117.3)  2(2.0%)

Jmaximum value) YAM= 80
92.60%(77.0-135.0) 2(7.4%)
96.20%(78.0 -147.0) 2(8.0%)
88.80%(75.6 -107.5) 4(13.8%)|
86.50%(75.5-101.7) 4(14.3%)

DEXAE (%)
DEXA (%)

10th survey (2005
11th survey (2008)

Table 1: Comparison with young adult mean (YAM)
BMD(whole body)

were conducted, it is difficult to make a 0%
simple comparison of changes over time.
Throughout all the measurements of BMD,
none of the male or female athletes had
a BMD of less than 70% of the average
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Figure 6: Distribution of locomotive syndromes
in subjects in each locomotive
syndrome test
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weight, BMI) and grip strength of athletes BMD(g/cm?) 1 5 ES 3 ER

representing Japan in the TOKYO1964 to those
of the general public
*:Report on 2017 Survey of Physical Fitness and Sports
Proficiency (Japan Sports Agency)

Figure 7: Correlation with BMD, muscle
mass, and grip strength (2016)

Figure 8: Relationship of exercise habits (frequency)
with muscle mass, BMD(whole body), and
grip strength (2012)
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@®Overview of study results

380 athletes (314 men and 66 women) were the subjects
of a follow-up survey of TOKYO1964 Olympians. The survey
was conducted for the first time in 1968, and then every
four years thereafter. Most recently, it was conducted for
the 13th time in 2016. 106 athletes (average age of 75.5
+ 3.6) received medical examinations in the 13th survey,
comprising 79 men (average age of 76.1 =+ 3.4) and 27
women (average age of 74.0 £ 3.5).

We used the data obtained in the surveys through that
point to examine what happens to the effects of having
engaged in sports while young including daily vigorous
exercise as one ages. With respect to the medical survey
items, the items tested in the medical surveys such as
specific blood test items at times differed during each study
due to changes in how the diseases are conceptualized over
time, but the main items that have been investigated are
family history, past history (including surgeries), current
medical history (disease under treatment, medicines
for internal use, presence or absence of subjective
symptoms), blood pressure, pulse, physical findings, blood
testing, urinalysis, thoracic radiography, and resting
electrocardiogram. The prevalence of so-called lifestyle-
related diseases such as hypertension, dyslipidemia, and
diabetes generally increases with age, and this prevalence
increased with every successive survey even among
the TOKYO1964 Olympians. We therefore compared the
prevalence of lifestyle-related disease in the athletes who
participated in the latest (13th) survey with that of the
elderly in general. The results are given below.

@Hypertension

Individuals who had a systolic blood pressure of 140
mmHg and a diastolic blood pressure of 90 mmHg or more
in the blood pressure measurement conducted at the 13th
survey, or who had been diagnosed with hypertension and
took medicine for it by the 13th survey, were defined as
hypertensive. In the 13th survey, 41 men (51.9%) and 11
women (40.7%) had hypertension. In the results of the
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Figure 1: Comparison of prevalence of hypertension (during 13th
survey)

1) Japan Institute of Sports Sciences

2014 Japan National Health and Nutrition Survey" by the
Ministry of Health, Labour and Welfare, the percentage of
men aged 70 and over with hypertension was 72.1%, and
that of women was 70.9%, suggesting that the results for
both male and female TOKYO1964 Olympians were low (Fig.
1). In the 13th survey, 3 men and 2 women had comorbid
hypertension and diabetes, and 6 men and 1 woman had
comorbid hypertension and dyslipidemia. Of these, 2 of the
men had comorbid hypertension, diabetes, and dyslipidemia.

@Obesity

Body Mass Index (BMI) was calculated based on body
length and body weight measured during the 13th survey,
with a BMI of 25 or greater defined as obese. Of the
TOKYO1964 Olympians who had a BMI of 25 or greater
in the 13th survey, 26 (32.9%) were men and 5 (18.5%)
were women. However, the ratio among those age 70 or
older in the same generation in the general population was
24.7% for both men and women (Ministry of Health, Labour
and Welfare, 2074 Japan National Health and Nutrition
Survey"), indicating that the rate of obesity among
female TOKYO1964 Olympians was lower than the general
population (Fig. 2).

@Dyslipidemia

The current diagnostic criterion for dyslipidemia is to meet
one or more of LDL-C = 140 mg/dl, HDL-C <40 mg/dl, and/or
TG = 150 mg/dl. However, only HDL-C and TG were measured
in blood testing conducted during the 13th survey. In the
results of the 2014 Japan National Health and Nutrition
Surveyl) conducted by the Ministry of Health, Labour and
Welfare, those with HDL-C <40 mg/dl or those undergoing
treatment were suspected of having dyslipidemia. Statistics
were collected, with prevalence of 33.7% and 36.2% of
men and women, respectively, in the general population of
individuals age 70 or older. In the results of the 13th survey
of the TOKYO1964 Olympians using the same criteria, 14
men (17.7%) and 6 women (22.2%) were suspected of
having dyslipidemia, and the ratio of both male and female
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Figure 2: Comparison of BMI (during 13th survey)
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50,:0 OMZNQJBOT TVTQFDUFE PG IBWJOH EZTMIBXERNBB PG XPNFO XBT JOEJDBUJOH UIBU UIF SF°

XBT MPX 'JH NBMF 50,:0 OMZNQJBOT XFSF IJHI 'JH
O%JIJBCFUFT OTVNNBSZ
y*OEJWJEVBMT XIP IBE BO )C"D PG PS HSFBUF$5EN SUI®OBIJEFODF PG TP DBMMFE MJGFTUZMF SFMB L

UIF CMPPE UFTUJOH DPOEVDUFE JO UIF Ul TVSWV¥RIPBTXIPQFSUFOTJPO EZTMJQJEFNJB BOE EJBC
IBE CFFO EJBHOPTFE XJUIl EJBCFUFT BOE UPPL NFEMBXGBE G®SCBUI NBMF BOE GFNBMF 50,:0 OMZNQJBOT
Cz UIF Ul TVSWFZ XFSF EFGJOFE BT EJBCFUJD DPNQ@ESVWBIUP UIF FMEFSMZ JO HFOFSBM PWFS UIF BHF

JOEJDBUFE UIBU NFO BOE XPNFO IBECFTJUZ #.* PG PS HSFBUFS XBT MPXFS POMZ JO U
EJBCFUFT EVSJOH UIF Ul TVSWFZ PG 50,:0 OMZNQJBOT OMZNQJBOT "MTP UIF SBUF PG IZQFSVSJDFN
*O UIF SFTVMUT PG+BOBO /BUJPOBM )FBMUI B®BMF 50,:0 OMZNQJBOT XBT IJHIFS XIFO DPNQBSF

/VUSJUJPO 4VGaWBEF .JOJTUSZ PG )FBMUI -BCPVSPBOHEF HFOFSBM QPQVMBUJPO /P SFMBUJPOTIJQ CI
8FMGBSF UIF QFSDFOUBHF PG NFO BHFE BOE PWHEODIUEFRO®HFEMZPG UIFTF EJTFBTFT BOE DVSSFOU FYFS

TVTQFDUFE BT IBWJOH EJBCFUFT{XBT BOE NBHUPEGFSWFE OPS XBT BOZ CFUXFFO UIFJS JODJEF
XPNFO XBT TVHHFTUJOH UIBU UIF SFTVMUT GPFBS WBMFT PG TQPSUT JO XIJDI UIF BUIMFUFT IBE
50,:0 OMZNQJBOT XFSF MPX 'JH /P SEMBUJPOTIJQT CFUXFFO UIF JODJEFODFT PG UIF

BOE UIF TQPSUT JO XIJDI UIF BUIMFUFT FOHBHFE |
0)ZQFSVSJIDFNJB FYFSDJTF IBCJUT DPVME CF DMBSJpFE JO UIJT TUVEZ

y*OEJWJEVBMT XIP IBE B CMPPE VSJD BDJE MFWFNMP@GVMBUHFBEMOQBSBNFUFS GPS FBDI TQPSU XBT UPP TN

PS HSFBUFS EVSJOH UIF CMPPE UFTUJOH DPOEVDUFE JO UIF Ul

TVSWFZ PS XIP IBE CFFO EJBHOPTFE XJUI IZQFS YV SIFASFO PB

HPVU BOE IBE UBLFO NFEJDJOF GPS UIFJS DPOEJUJPO £ZOJFU®Z PG )FBMUI -BCPVS BOE 8FMGBSF 3F(

TVSWFZ XFSF EFpOFE BT IZQFSVSJDFNJD *O UIF Ul TVSWBRBO /BUJPOBM )FBMUI BOE /VUSJUJPO 4\
NFO BOE XPNBO IBE IZQFSVSJDFNJB IUuUQT XXX NIMX HP KQ CVOZB LFOLPV FJZP

CMPPE VSJD BDJE MFWFM PG NH EM PS HSFBUFS *OIRVYRE BT VWNM

PG UIF +BQBO /BUJPOBM )FBMUI BOE /VUSJ@ZPO 4VSWFZ

UIF .JOJTUSZ PG )FBMUI -BCPVS BOE 8FMGBSF UIF QFSDFOUBHF

PG NFO BHFE BOE PWFS XJUI IZQFSVSJDFNJB XBT
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The Relationship Between the State of Engagement in Exercise/

Sports and Medical Evaluations: Dental Evaluations
5PTIJBLJ 6FOR/LBLP 5PZPTEINB

£5PLZP .FEJDBM BOE %FOUBM 60JWFSTJUZ £+BQBO *OTUJUVUF PG

OOWFSWJFX PG TUVEZ SFTVMUT Ul Ul BOE Ul NFBTVSFNFOUT XFSF NFO BOE
y5PLZP OMZNQJD $PNNFNPSBUJPO 11ZTJDBM '"JUOFTT AURNEROIJXJIBJI BO BWFSBHF BHF PG NFO BOI
NBKPS SFTFBSDI QSPKFDU UIBU IBT CFFO DPOEVDUFEXPWFO8ZXGBV8O BWFSBHF BHF PG BOE NF
ZFBST TJODF GPS NPSF UIBO pWF EFDBEFT TJODFBWIE 5PXERFO XJUIl BO BWFSBHF BHF PG SFTQFDUJ
OMZNQJD (BNFT XFSF IFME JO %FOUBM FYBNJOBUBE®OUFSJTUJD pOEJOH PG UIF GPSNFS UPQ BUIMF
IBWF CFFO DPOEVDUFE TJODF UIF Ul NFBTVSFNFOMBISHF OVNCFS PG UIFJS UFFUI UIBU IBE CFFO USFBUFI
BOE UPHFUIFS XJUI UIF EFOUBM FYBNJOBUJPOTO S5I6 GPSENRS UPQ BUIMFUFT IBE BO BWFSBHF PG NP

BOE Ul NFBTVSFNFOUT FYBNJOBUJPO EBUB GSPNUBBORUBMMAI@WFSBM QPQVMBUJPO CFUXFFO UIF Ul NFB’
UISFF NFBTVSFNFOUT IBT CFFO BDDVNVMBUFE G5IFBGEMMPXJOHBUJPOBM TVSWFZ PG EFOUBM EJTFBTFT
pOEJOHT XFSF PCUBJOFE BT B SFTVMU PG BOBMZUJDBWMMWEZGWBMVBUIJNHBTVSFNFOU BOE UIF TUVEZ E
UIF EBUB BHBJO PO UIF PDDBTJPO PG UIJT TUVEZ UIF NPSF CFUXFFO UIF Ul NFBTVSFNFOU BOE UIF
*51FSF JT B IJHI SJTL PG DBSJFT UPPUI EFDBZ BOETNBG@GZ URFUBT CFFO SFQPSUFE JO +BQBO BOE BCSPB
IBWF CFFO USFBUFE SJTL PG DBSJFT JO TQPSUT BUIMFUFT JT IJHIFS UIBC
*"MUIPVHI NBOZ TVCKFDUT FYIJCJUFE OP QFSJPEPEBBBMSBMRKBA@GVMBUJIJPO BOE UIFJS QSFWBMFODF PG |
pOEJOHT TVCKFDUT UFOEFE UP CF QPMBSJ[FE JO UJBT SRITQFDQSFTVNFE UIBU NBOZ PG UIF GPSNFS GJ
*'FX PG UIF TVCKFDUTYUFFUI XFSF NJTTJOH BOE UIFENSGEBIJOFET BMTP IBE DBSJFT JO UIFJS UFFUI XI1J
GPVS UP pWF NPSF UFFUI UIBO UIF FMEFSMZ JO HFDFSEBMUJOH BOE SFDFJWFE USFBUNFOU BOE pMMJOHT
*&WFO JO UIFJS T UIFZ NBJOUBJOFE B IJHI MFWFMSPGBCMZ SFBTPOBCMF UP UIJOL UIBU UIF OVNC
NBTUJDBUPSZ GVODUJPOJOH UFFUI IBE JODSFBTFE

y5IF BCPWF pOEJOHT TVHHFTU UIBU UIF EFOUBM BOE"PPRNMFISFBWMBWIUFS PG OPUF XBT UIF TNBMM OVNCFS F
DPOEJUJPOT PG UIF GPSNFS pSTU DMBTT DPNQFUJUPSTUKXFSIF WFODEFDDZ GPS UIFSF UP CF GPVS PS GFXI
NBJOUBJOFE UIBO UIPTF PG UIF FMEFSMZ JO HFOFSBMFBHPOBINEBOSIOHF GPSNFS BUIMFUFT UIBO JO UIF
UIF GBDU UIBU UIFZ IBWF NBJOUBJOFE HPPE FYFSDHHROIBELEMTPGPUIF TBNF HFOFSBUJPO SFNBJOFE DPOT
POMZ EVSJOH UIFJS BDUJWF DBSFFST CVU BMTP BWGWBFYISKEUBBVSIFOROU UISPVHI UIF Ul BOE Ul "DDPSE
JU NBZ CF UIF DBTF UIBU UIF DBSSZ PWFS FGGFDUUPGUAFFSDDBUJPOBM TVSWFZ PG EFOUBM EJTFBTFT B

BMTP NBOJGFTU JO UIF IFBMUI PG UIFJS UFFUI BOE PSBM DBMUIUBBF MPTU JO UIF FBSMZ T JO UIF MBU
JO UIF FBSMZ T BOE JO UIF MBUF T 51JT JT UIF J
O51F SJTL PG DBSJFT JT IJHI BOE NBOZ UFFUI IBRMG CFFFGEMEFSMZ JO HFOFSBM JO +BQBO )PXFWFS
USFBUFE OVNCFS PG NJTTJOH UFFUI JO UIF 50,:0 OMZNQJB
MBUFS PME BHF BWFSBHF BHF PG XBT POMZ 51.

UIBU UIFJS PSBM BHF XBT FRVIJWBMFOU UP UIFJS MB
XBT NPSF UIBO ZFBST ZPVOHFS UIBO UIFJS BDUVBM B

O"MUIPVHI NBOZ TVCKFDUT FYIJCJUFE OP QFSJPE
EJTFBTF pOEJOHT UIF OMZNQJBOT UFOEFE UP CF QF
JO UIJT SFTQFDU
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a population with few individuals afflicted with periodontal
disease. However, if you add the ratios of individuals
designated as Code 3 (shallow periodontal pockets) and
Code 4 (deep periodontal pockets) the figure rises to
54.1%~62.3% - a majority. Because of this, it seems that
there was a trend toward polarization. Even so, following
the changes from the 11th measurement, the number of
individuals designated as Code 4 gradually decreased to
22.1%, 18.3%, and 14.1%, and the number of individuals
designated as Code 2 (deposition of dental calculus)
also decreased by 7 points, so there was a trend toward
improvement.

@®The three keys to preventing periodontal disease are
“maintenance of normal body weight,” “good diet,” and
“active exercise habits.”

In the same way as hypertension, diabetes, and the like,
periodontal disease is also a lifestyle-related disease. Based
on this approach, three keys to preventing periodontal
disease are advocated: (1) maintenance of normal body
weight (BMI: 18.5~24.9 m/kg?, (2) good diet (Healthy Eating
Index: 80+), and (3) active exercise habits (moderate-
intensity exercise at least five times a week or high-intensity
exercise at least 3 times a week). In particular, the benefits
of exercise should be emphasized, as it has been reported
in epidemiological studies conducted outside Japan that
the prevalence of periodontal disease in a population with
active exercise habits is significantly lower.

With respect to the state of engagement in exercise
by the TOKYO1964 Olympians, of the 273 Olympians
who cooperated with the survey at the time of the 13th
measurement, 50 (18.3%) were exercising one or two days
a week, and 56 (20.5%) were exercising three or four days a
week without fail. Considering that this is a population that
had maintained good exercise habits after retirement, not
to mention during their youthful eras of active competition,
this could probably be interpreted as another data point
that supports the efficacy of maintaining exercise habits
in the prevention of periodontal disease. This suggests,
therefore, that many of the former first-class competitors
have healthy periodontal tissue and are less prone to
developing periodontal disease.

@®In general, periodontal disease becomes serious from
one's 50s onwards, necessitating regular checkups and

preventive measures
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——No findings + periodontal pockets less than 4 mm
——Periodontal pockets 4 mm or greater + no subject teeth

Generally speaking, from what age does periodontal
disease become serious? In order to clarify this point, a
graph of the results calculated based on the 2016 data
of national survey of dental diseases is provided. Usually,
when the periodontal pocket is 4 mm or more, it becomes
difficult to control plaque with self-care alone, so treatment
is required. When the subjects were divided into two groups
with one consisting of individuals designated as Codes O,
1, and 2 (no findings + periodontal pockets of less than
4 mm) and the other consisting of individuals designated
as Codes 3 and 4 as well as individuals with no subject

teeth (periodontal pockets of 4 mm or greater + no subject
teeth), two points of convergence in the subjects' 50s were
confirmed. It can thus be said that periodontal disease
becomes serious starting from one's 50s.

Periodontal disease is also called “silent disease” of
the mouth. Subjective symptoms are unlikely to manifest,
and it often progresses without its sufferers being
aware. Therefore, it is important to work to prevent it by
undergoing regular medical examinations while observing
the three keys.

@The TOKYO1964 Olympians retained four or five more
teeth than the elderly in general
250537
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This graph compares the numbers of teeth in the
TOKYO1964 Olympians and the elderly in general in Japan.
The average number of teeth in the data for the Tokyo
Olympians from the 11th measurement through the 13th
measurement in the left half of the graph is 22.3. Meanwhile,
the average number of teeth for the elderly in general in the
right half of the graph is 17.9, a difference of 4.4.

As mentioned above, the TOKYO1964 Olympians had lost a
small number of teeth due to caries, and many had healthy
periodontal tissue, so it seems that this is related to the
study result indicating that they had four or five more teeth
than the elderly in general. For reference, the number of
human teeth is 28, with 14 in each of the upper and lower
jaws, excluding third molars (dens serotinus, or “wisdom
teeth” ).

@®The Olympians maintained a high level of masticatory
force even in their 70s
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11thmeasurement  12th measurement 13th measurement ‘ 70s 70s ‘
(average age 68.7) (average age 72.8) (average age 75.5) (2009 study) (2013 study) (2017 study)

General population
(Japan National Health and Nutrition Survey)

Athletes who can eat or chew anythin

TOKYO1964 Olympians

This graph compares masticatory force in the TOKYO1964
Olympians and the elderly in general in Japan. Data on the
ratio of individuals in the populations who responded “I can
eat and chew anything” is plotted in the graph, and about
80% of the Tokyo Olympians reported good mastication
even in later old age (average age of 75.5), a difference of
more than 15 points from the elderly in general of the same
generation.

It is likely that the inevitable conclusion to draw from this
is that many of the former top-level competitors maintain a
high level of masticatory strength due to their retention of a
large number of teeth and having healthy periodontal tissue
to support them.
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Physiological Response of the Athletic Heart —
The Athletic Heart is a Reversible Change

Kohei Ashikaga®, Kihei Yoneyama", Haruki Musha”: 2, Masahiro Murayama"

1) Cardiovascular Medicine, St. Marianna University School of Medicine;

@Overview of study results

Electrocardiographic testing was conducted on 365
TOKYO1964 Olympians before the Games took place in
order to investigate changes in the electrocardiograms
of elite athletes undergoing high-intensity training. The
revised results of this testing are shown in Table 1 (1). Left
ventricular hypertrophy was observed in more than half of
the athletes, and sinus bradycardia was observed in more
than 40%. Each of the electrocardiogram findings was
confirmed at a higher ratio in the male athletes than in the
female athletes.

Table 2 shows the results of the follow-up survey
conducted by Maruyama et al. that targeted 88 male
athletes for whom electrocardiograms in 1964 and 1976
could be evaluated in order to assess the relationship
between changes in the electrocardiograms and sporting
activities (1).

Though most of the changes in the electrocardiograms
that had been confirmed in 1964 had disappeared by the
time of the measurements in 1976, findings such as left
ventricular hypertrophy persisted in some of the athletes.
In the findings, the ratio in which sinus bradycardia and left
ventricular hypertrophy persisted was significantly higher in
the athletes who continued to compete than in those that
had retired.

Changes to electrocardiogram findings were examined
for the 32 of these 88 athletes who continued to undergo
electrocardiogram evaluations every 4 years for 12 years
after retiring from competition. The number of years after
retirement and changes in the ratios of electrocardiogram
findings are shown in Table 1.

The ratio of electrocardiogram findings that had been
noted while the athletes were active declined with the

2) Sports Medicine, St. Marianna University School of Medicine

passage of time after their retirement from competition,
but symptoms of incomplete right bundle branch block and
left ventricular hypertrophy persisted in about 20% of the
athletes even 12 years after retirement. Atrioventricular
block and sinus bradycardia had disappeared in all the
athletes 4 years after retirement.

The effects of high-intensity training on the heart were
tested with both electrocardiography and chest radiography.
The results of tracking of the cardiac shadow area that were
calculated using the Moritz method (2) based on the same
testing for 10 athletes conducted before retirement from
active competition and 12 years after retirement are shown
in Fig. 2 (1).

More than half the athletes presented with cardiac
dilatation at the time they were active competitors, but
it was observed that their dilated hearts had tended to
shrink after about 4 to 8 years had passed since retiring
from active competition. Ultimately, the hearts of most of
the athletes shrank to a size within the normal range for
Japanese people.

Elite athletes perform dynamic and static exercises
depending on the sport(s) in which they compete. Although
the frequency of occurrence of each finding by the type of
sport was not been evaluated in this study, it was confirmed
that sinus bradycardia and atrioventricular block, which are
thought to be caused by high-intensity training, disappeared
after the athletes had ceased to actively compete. However,
left ventricular hypertrophy and cardiac dilatation noted
in the electrocardiograms or x-ray images had persisted in
some of the athletes even 12 years after retirement.

An example of a track and field athlete for whom it was
possible to perform follow-up examinations for about 50
years in order to examine the long-term progression in

Table 1. ECG findings for TOKYO1964 Olympians

Men (301) Women (64) Overall (365)

Sinus bradycardia

135 (44.9%)

20 (31.3%) 155 (42.5%)

Left ventricular hypertrophy

192 (63.8%)

13 (20.3%) 205 (56.2%)

Incomplete right bundle branch block 15 (5.0%) 1 (1.6%) 16 (4.4%)
First or second degree atrioventricular block 3 (0.1%) 0 3 (0.1%)
Table 2. Evaluations of electrocardiograms of male athletes (88) in 1964 and 1976
1976
1964(88
(88) Active (14) Post-retirement (74)

Sinus bradycardia 45 (51.1%) 2 (14.3%) 1 (1.4%)
Left ventricular hypertrophy 66 (75.0%) 7 (50.0%) 16 (21.6%)
Incomplete right bundle branch block 5 (5.7%) 2 (14.3%) 2 (2.7%)
First or second degree atrioventricular block 2 (2.2%) 0 0
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Figure 2. Relationship between cardiac shadow area derived using
Moritz method and number of years since retirement

athletes that had presented with this sort of athletic heart
is given below. The findings were compared while presenting
the electrocardiogram and chest radiography examinations
in 1968 and 2016.

The subject continued to compete actively even when the
measurements were taken in 1968 and remained physically
active until the time of the 2016 measurements. The
electrocardiograms for 1968 and 2016 are shown in Fig. 3.
In the findings of the 1968 measurements, the patient
presented with incomplete right bundle branch block
and left ventricular hypertrophy. Those findings were not
observed in 2016, but left axis deviation was observed
in the findings. A chest x-ray photograph taken at the
same time as an electrocardiogram is shown in Fig. 4.
The respective ratios of the lateral diameter of the
cardiac shadow to the lateral diameter of the lung field
(cardiothoracic ratio) in these were 41% and 42%, with
almost no difference observed, however the estimated
area of the cardiac shadow was clearly reduced in 2016
compared to 1968. It was also observed in the 2016 x-ray
image that the position (tilt) of the heart in the thorax was
more lateral compared with the 1968 examinations, and that
there was meandering of the aorta. The left axis deviation
in the electrocardiogram and the meandering of the aorta in
the x-ray image were thought to have been attributable to
the hypertension noted in the patient.

While the results of this study suggest that the effects

JHIU CVOEMF

1968

Figure 4. Chest x-ray photograph

of high-intensity training cause elite athletes to undergo
electrophysiological and morphological changes, most
of these are reversible changes, and such findings are
normalized if the athletes stop actively competing.

It has been reported that the lifespans of elite athletes
are generally longer than lifespans overall (3). However,
there are still many unclear points with regards to the
mechanism behind this longevity and the long-term effects
on athletes for whom the electrocardiogram findings persist
long-term, so further research in the future is needed.

(1) Murayama M. et al., Cardiovascular Future of Athletes.
J Physical Fitness Japan 1980; 29: 117-123.

(2) Moritz F. Ueber die Norm der Groesse and Form des
Herzens beim Mann. Deut. Arch, klin. Med. 1931; 171:
431-476.

(3) Lemez S. et al., “Do Elite Athletes Live Longer? A Sys-
tematic Review of Mortality and Longevity in Elite Ath-
letes.” Sports Med Open 2015; 1:16.
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[FX pOEJOHT XJUI B GPDVT PO GSBJMUZ GSPN B DPNQBSJTPO
OMZNQJBOT BOE MPDBM FMEFSMZ QFPQMF JO HFOFSBM UIF
SFQSFTFOUJOH +BQBO IBWF IJHI NVTDMF NBTT BOE TUSFO

CvU UFOE UP IBWF NVTDVMPTLFMFUBM QBJO BOE SFEVD

5PNPLJ 5BOBLBUTVZB *JKJNB

60JWFSTJUZ PG 5PLZP *OTUJUVUF PG (FSF
60JWFSTJUZ PG 5PLZP *OTUJUVUF GPS 'VUVSF

O"SF UIF QIZTJDBM BCJMJUJFT PG UIF 50,:0 OMZNQXBOT REBD] PG UIFTF GVSUIFS EJWJEFE JOUP MPX NFEJVI
OPUDI FWFO JO PME BHF JOUFOTJUZ r QFS UIF UI 5BTL 'PSDF DMBTTJpDBUJPOT JO
y.BOZ PG UIF 50,:0 OMZNQJBOT IFME BSF OPX FME@®SMDT DBUFHPSJFT PG UIF "NFSJDBO $PMMFHF PG ¢
5/FZ BSF UPQ OPUDI DPNQFUJUPST BOE IFSPFT JO PVB OBUOPBMEJUJPO UIF JOUFOTJUZ PG QIZTJDBM DPO
MPOH IJTUPSZ PG TQPSUT "MUIPVHI UIFSF BSF EJGGF$¥Q6BBT OPWQFRLIUJPO XBT FWBMVBUFE CBTFE PO UIF EF
UIF TQPSUT JO XIJDI UIFZ DPNQFUFE UIFJS NVTDVMBWNSFNRSWJIEBWOF "DBEFNZ PG 1FEJBUSJDT BOE UIF OMZNQ.
TUSFOHUI BOE QIZTJDBM BCJMJUJFT UIBU XFSF NBYBWHGHTCXFBIFJISWBMVBUFE JO UISFF HSPVQT OP QIZTJC
FYFSDJTF IBCJUT JO UIF QSJNF PG UIFJS MJGF XPVMWME MIURE MZ ZBWBM DPOUBDU BOE GVMM QIZTJDBM DP
GBS TVSQBTTFE UIPTF PG UIF HFOFSBM QPQVMBUJPGIHMRPIBWEO0 U OF FYFSDJTF IBCJUT PG UIF TVCKFDUT |
UPQ BUIMFUFT XIP XFSF FYDFQUJPOBM FOPVHI UP CFWBINNVEOFBTGPS UIF QSFTFODF PS BCTFODF PG FYFSDJTH
OMZNQJD BUIMFUFT CFFO BCMF UP NBJOUBJO UIFJS TW®BSWUPS QIBTNBFBMB XFFL CFGPSF UIF BHF PG VTIJOH EI
BCJMJUJFT DPNQBSFE UP UIF HFOFSBM QPQVMBUJPO FEWFO GBGENWD BHFSFE RVFTUJPOOBJSF TVSWFZ DPOEVDL
8F PCUBJOFE TVSQSJTJOH SFTVMUT XIFO XF BUUFNQUFBSUP BOTXFS
UIJT RVFTUJPO CZ DPNQBSJOH NVTDMF NBTT NBYJRVNFNMFBMFBOZ EJGGFSFODFT JO UIF DMJOJDBM 1JTU
TUSFOHUI BOE QIZTJDBM GVODUJPOJOH VTJOH UIF EBUBJBDPDVYNWNMBIEBFEIUT PG UIF 50,:0 OMZNQJBOT VQ UF
PWFS NBOZ ZFBST GSPN UIF 50,:0 OMZNQJBOT BOE UIFFHEBUB
GSPN MPDBM FMEFSMZ QFPQMF JO HFOFSBM 8IBU GPWWRRKD XIFBDEN@QBSBEEP OMJIJOJIJDBM IJTUPSJFT UISPVHI UIF Q

UIFTF SFTVMUT UIF 50,:0 OMZNQJBOT BOE UIF FMEFSMZ JO HFOFSBM
O08IBU TPSU PG EBUB XFSF DPNQBSFE XFSF OP TUBUJTUJDBMMZ TJHOJGJDBOU EJGGFSFODFT
y8F VTFE UIF EBUB GSPN UIF QBSUJDJIJQBOUT BWFSBUWIFPBHXIP IBE B IJTUPSZ PG IZQFSUFOTJPO EJBCF

1 ZFBST PG XIPN XFSF XPNFO JO UIF 5PLEPTFBTF BOE TUSPLF UIPVHI UIFTF UFOEFE UP CF TMJ

OMZNQJD $PNNFNPSBUJPO 11ZTJDBM 'JUOFTT 4UVEZ BPENPI® BMURPF 50,:0 OMZNQJBOT 00O UIF PUIFS IBOE
UPPL QBSU JO UIF Ul NFBTVSFNFOUT TVSWFZ DPOEVBPVNOBQIBU UIF OVNCFS PG QFPQMF XIP BSF QSPOF UP I

GSPN XIPN BMM EBUB DPODFSOJOH NVTDMF NBTT FUDJKXBSIBRCEE8IJQMHHE BNPOH UIF GFNBMF 50,:0 OMZNQJB!
BT XFMM BT EBUB GSPN FMEFSMZ QFPQMF BWFSBHBS8HFOH MIJGFTUZMF IBCJUT XIJMF UIFSF XFSF OP EJ
1 ZFBST PG XIPN XFSF XPNFO MJWJOH JO ,BAYMEXBJTF IBCJUT JO PME BHF EJGGFSFODFT JO EJFUBS

$JUZ $1JCB 1SFGFDUVSF JO PSEFS UP DPNQBSF MJEBTOZMFHIBEPUJOH IBCJUT XFSF PCTFSWFE 4QFDJGJDE
OVUSJUJPOBM TUBUVT QIZTJDBM DBQBCJIJMJUJFT NVIMYMRIDFMEWEN KIBXGSF NPSF MJLFMZ UP FBU NFBU TF
DMJOJDBM IJTUPSJFT FUD *O BEEJUJPO DPOTJEFSJOMFUIBUWBEINMEFSBO®E-GSVIUT BU MFBTU PODF FWFSZ L
JO TQPSUT JO XI1JDI TVCKFDUT IBE DPNQFUFE BOE FYESDBGFGDBE HIFUBSZ IBCJUT BSF JNQPSUBOU FWFO JO |
BGUFS SFUJSFNFOU XPVME IBWF B TJHOJpDBOU FGGFI PROVEFOTW MDPTO TYMNQUJIPO PG UIF QSPUFJO UIBU DPNC
BMTP JOWFTUJHBUFE UIFTF 4QFDJGJDBMMZ UIF TQPEGWMEBEOQOXIJDMRADOET PG UIF CPEZ JT FTQFDJBMMZ SFDPN
TVCKFDUT PG UIJT TUVEZ IBE FOHBHFE XFSF DMBTTJEFESNGBROMISIKRD BUIMFUFT XFSF TVQFSJPS JO UIJT SFTQ
UZQFT PG FYFSDJTF JOUFOTJUZ r TUBUJD FYFSDJTF JOBEABWK QWZOBRJIDTF UIF CPEZ CVIMEJOH LOPX IPX DV
FYFSDJTF JOUFOTJUZ BOE DBSEJPQVMNPOBSZ FYFENVBUROBOWKFISIUINF BT BUIMFUFT UP DPOTVNF B IFBMI
PME BHF "MTP JO UFSNT PG TNPLJOH IBCJUT UIFSF X
TNPLFST BNPOH UIF 50,:0 OMZNQJBOT "MDPIPM JOUBLF

N
5 _ . TIOH NPSF GSFRVFOU BNPOH UIF 50,:0 OMZNQJBOT TVSWF
° I~ jBVDEIFL'”OH 8SFTUMJOM S$BOPFJOH FTQFDJBMMZ BNPOH XPNFO
> (ZNOBTUJDT HERBUINIPE 650,:0 OMZNQJBOT IBWF IJHI NVTDMF NBTT BOE
o 8FJHIUMJIGU $ZDMJOH
> NBYJNVN NVTDMF TUSFOHUI FWFO JO PME BHF
w
5 Eeﬁ 5SBDL BOE plERLEEIN:I]l y $PNQBSJOH UIF 50,:0 OMZNQJBOT XJUI UIF FMEFSM
~ 3 NFEJVN EJTUB
H I wawson | ssepL Bot » BRI R HFOFSBM BMUIPVHI UIFSF XFSF OP EJGGFSFODFT JO
w| o KVNQJOH FWFOEI-RENAVReR-J VIV :
1k BRI o TL U CE NBTT JOEFY XF GPVOE UIBU UIF 50,:0 OMZNQJBOT |
- IJHIFS TLFMFUBM NVTDMF NBTT JO UIFJS MIJNCT BOE NBY.
3 BSBUIPO TUSFOHUI HSJQ TUSFOHUI *O QBSUJDVMBS 50,:0 oM
§ <¢ - P PMMEZC o IR NBJOUBJOFE FYUSFNFMZ IJHI BNPVOUT PG TLFMFUBM N
' 'FODJIOH | SPNQRUJUIWE XBMLIOK JO UIFJS MIJNCT DPNQBSFE UP FMEFSMZ XPNFO JO HFOJ
)PDLFZ BOE 51JT JT QBSUMZ EVF UP JOOBUF EJGGFSFODFT JO
-PX FEJVN )IHI CVU JU TFENT QPTTJCMF UIBU JOTVGpDJFOU FYFSDJTF IE
.BY 0 ) .BY 0 .BY 0
© NVTDMF NBTT JO UIF ZPVOHFS HFOFSBUJPOT PG XPNFO
%ZOBNJD FYFSDJTF JOUFOTJYZ IBWF SFTVMUFE JO SFEVDFE TLFMFUBM NVTDMF NBTT JO

PME BHF NPSF UIBO FYQFDUFE *ODJEFOUBMMZ UIF NVTD

"JHVSF OMZNQJD TQPSU DMBTTJpDBUJPO FYFSDJTF JOUFOTJUZ BOE BCTFORE QIATFPRFPEO PCTFSWFE JO PME BHF JT DBMMEF
QIZTIJDBM DPOUBDU

.7$ NBYJNBM WPMVOUBSZ DPOUSBDUJPO .BYJNVN WPMVOUBSZ NAVBSM¥PIQ&F@8B1 JT EFGJOFE BT QSPHSFTTIJWF BOE TZTUF
$BSEJPQVMNPOBSZ FYFSDJTF JOUFOTJUZ JT DMBTTJpFE JOUP U = K T
o e g s aoE ey NVTBWEE I MPETF SFTVMUJOH JO BO JODSFBTFE SJTL PG I

$MBTTJpDBUJPO CZ BCTFODF QSFTFODF PG QIZTJDBM DPOUBPV D POBJDBEBTM M T GSBDUVSFT QlZTJDBM EZTGVODUJI
MJNJUFE QIZTJDBM DPOUBDU JOEJDBUFT PDDVSSFODF PG QIZEJ(QEM \P_FOE%%

UHOPTFE BT B TUBUF JO XIJDI B EFDMJOF J




NVTDMF NBTT JO UIF MJNCT JT DPNPSCJE XJUl EFDMJOFSP® NBWWVINNMPTLFMFUBM QBJO HFOFSBMMZ JODSFB
NVTDMF TUSFOHUI BOE CPEZ GVODUJPOJOH *O GBDBOKMN\GIPDMMP TIOFMFUBM QBJO JO PME BHF JT BMTP DPOT
PVS BOBMZTJT SFTVMUT UIBU GFX 50,:0 OMZNQJBOSJBISEEBDUPRPS GPS EFDSFBTFE MFWFMT PG BDUJWJUZ PC
TBSDPQFOJD TUBUF CFDBVTF PG UIFJS IJHI TLFMFUBMFQSFDMIFWRBUHOEFODJFT 5IFSFGPSF BMUIPVHI JU JT J
JO UIFJS MIJNCT BOE NBYJNVN NVTDMF TUSFOHUI S5IFTNQ@PROEBUQIZATIDBM GVODUJPOJOH TUBSUJOH GSPN ZPVI
UFOEFE UP CF FTQFDJBMMZ QSPOPVODFE JO BUBMFWBHATTXYXBRUABBCPWF JU TFFNT QPTTJCMF UIBU QSFV
DPOUJOVFE UIFJS FYFSDJTF IBCJUT FWFO BGUFS UIF BRV¥ORGESNFBOWSFT GPS XPVOET BOE TQPSUT JOKVSJFT
JO BUIMFUFT JO UZQFT PG TQPSUT UIBU IBWF IJHI FYRSDREE JOQBEDUJIJRZ BMMPXJOH BUIMFUFT UP MJWF MPOH B
00 UIF PUIFS IBOE NBMF BUIMFUFT JO TQPSUT XJU64I\Q/F"\I)’(\“4:SY£:SDJTF

JOUFOTJUZ MPTU UIFJS TUBUJTUJDBMMZ TJHOJpDBOU BIGEHSRERBTU SN BHFNOBSF 50.:0 OMZNQIBOT XJUI W
FMEFSMZ JO HFOFSBM 'SPN UIJT JU DBO CF TBJE UdR JIOMPSEFRQMF JO HFOFSBM SFTJEJOH JO ,BTIJXB
QSFWFOU TBSDPQFOJB JO PME BHF JU JT OFDFTTBSZ §PcEBHHHFE JBBYE PO UIF SFTYMUT XF XFSF BCMF UP O
MFBTU NPEFSBUFMZ JOUFOTF FYFSDJTF BOE JNQPSUBQUGUP BROWNWIEHT 1BE TVOFSIPS TLEMFUBM NVTDME
UIF IBCJU PG FYFSDJTJOH JO UIFJS MJNCT BOE NBYJNVN NVTDMF TUSFOHUI BT X
050,:0 ~ OMZNQJBOT BSF QSPOF UP IBWJOH NVTIDVMPTLIMPYRNODF PG DPOUJOVIOH UP FYFSDJTF BGUFS SFU
QBJO JO PME BHF BOE BU UJNFT UIFJS CBMBODF BCIMBBH ERPEIUBNEIOM xBT BQQBSFOU UIBU FTUBCMJITIJOH B
TQFFE BSF SBUIFS MPX IFBMUIZ BOE BDUJWF MJGFTUZMF IBCJUT TUBSUJOH GS
y 8F GPVOE UIBU NVTDMF NBTT BOE NBYJNVN NVTDMid\WFEREMY J0qVFODFE MIGFTUZMF IBCJUT JO PME BHF
XFSF 1JHIFS JO 50,:0 OMZNQJBOT XIFO DPNQBSFE;8JYbNCIOBUIPO XJUI NVTDMF NBTT BOE NVTDMF TUSFOH
UIF FMEFSMZ JO HFOFSBM )PXFWFS XF BMTP GPVQ&ELBrBAWE STEBMiars 10 MIGF XFSF BMTP DBSSJFE PWF
QIFOPNFOPO PG 50,:0 OMZNQJBOT IBWJOH B MRXE\Wrp CFDBNF DMFBS UIBU NBOZ PG UIF 50,:0  OMZN
CBMBODF BCJMJUZ BOE XBMLJOH BCJMJUZ UIBO UIF FMEEEME IO BRORSEWVMPTLEMFUBM QBJO BOE MPXFS
4QFDJGJDBMMZ XF GPVOE UIBU 50,:0 ~ OMZNQJBOT ¥E¥HESMSioH 51F 50,:0  XIJMM CF IFME BHBJO JO
UP TUBOE PO POF MFH XJUI UIFJS FZFT PQFO GPS B TIPSdks §¥SBYIPO BOE JO PSEFS UP VUJIMI[F XIBU XBT
BOE XBMLFE BU B TMPXFS TQFFE 'JH "ERJUJIPOBMMELIWHT @G UIF 50,:0 OMZNQJIBOT JU XIJMM CF OF]
BTLFE BCPVU NVTDVMPTLFMFUBM QBJO JO UIF RVFTUYR QFINEUMN BPOUIOVFE FYFSDJITF GSPN BEPMFTDFODF
50,:0  OMZNQJBOT SFQPSUFE IBWJOH QBJO UIBO UlRgEMFFS§MEis 30 PME BHF BOE FTQFDJBMMZ UP DPOE
JO HFOFSBM BOE UIF JOUFOTJUZ PG UIFJS QBJO XBgypBEIFoBM JOUFSWFOUJPOT BOE FOWISPONFOUBM JN
51JT UFOEFODZ XBT NPSF QSPOPVODFE JO BUIMFUERX)PsRYIFPWFOUIPO PG JOKVSIFT FUD GPS DPNQFUJU
FYFSDJTJOH CFGPSF UIF BHF PG~ BOE PS BUIMFUFT X4Pe{@HBUFE uiBU B UIFTJT TVNNBSJ[JOH UIF SFTVMUT P
JO TQPSUT XJUI 1JHI FYFSDJTF JOUFOTJUZ BOE QIZRIDBYVRRGYERYI0 BO JOUFSOBUIPOBM BRPEEOMID AP VSO

"MUIPVHI JU DBOOPU CF TBJE XJUI DFSUBJOUZ UIBUgEHHEG BSGsBWBOoF0IB BOE .vTDMF
BUUSJCVUBCMF UP TQPSUT JOKVSJFT DBVTFE CZ FYDFTTJWF USBJOJOH

FUD JU TFFNT QPTTJCMF UIBU UIFZ DPVME DBVTF EFUFSJPSBUJPO
PG QlzTJDBM GVODUJPOJOH BOE DISPOJD NVTDVMPTLFMFUBM QBJO JO
PME BHF "MTP JU JT LOPXO UIBU UIF QSPQPSUJPO PG QFPQMF XJUI

ALFMFUBM NVTDMF NBTT DHWIF MJINC /PSNBM XBMLJOH TQFFE N TFDPOE
7
1
1 1 1
| [ I
. ]
I
5IF FMEFSMZ JO HPGREBMNMZNQJID BUISIFUFMEFSMZ JO HPGNSBMMZNQJID BUIMFUFT
SIF FMEFSMZ JO HPGREBMMZNQID BUISMMFUFMEFSMZ JO HPGRNFBMMZNQJID BUIMFUFT
.FO 8PNFO
.FO 8PNFO

'JHVSF $PNQBSJTPO PG BWFSBHF TUBOEBSE EFWJBUJPO TLFMFUBM NVTDHMSRBPNQBSNTPO PG BWFSBHF TUBOEBSE EFWJBUJPO OPSNBM XBMLJ
JO UIF MINCT PG UIF 50,:0 OMZNQJBOT BOE UIF FMEFSMZ JO HFOFSBM TFDPOE JO UIF 50,:0 OMZNQJBOT BOE UIF FMEFSMZ JO HFOFSBNM

(SJQ TUSFOHUICLHE

.WTDVMPTLFMFUBM QBJO TDPSFT

1 1
— —— 1 1
I . 5IF FMEFSMZ JO HPGRFBMMZNQJID BUISIFUFMEFSMZ JO HPGRFBMMZNQID BUIMFUFT
.FO 8PNFO
5IF FMEFSMZ JO HPGREFBMMZNQID BUISMMFUFNEFSMZ JO HPBGRFBMMZNQJID BUIMFUFT
.FO 8PNFO

'JHVSF $PNQBSJTPO PG BWFSBHF TUBOEBSE EFWJBUJPO OPSNBM XBMMOHSPNFFESNTPO PG NFEJBO JOUFSRVBSUJMF SBOHF NVTDVMPTL
TFDPOE JO UIF 50,:0 OMZNQJBOT BOE UIF FMEFSMZ JO HFOFSBM TDPSFT JO UIF 50,:0 OMZNQJBOT BOE UIF FMEFSMZ JO HFOFSB
51F IJHIFS UIF QBJO TDPSF UIF NPSF JOUFOTF UIF NVTDVMPTLFMFUBM
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%P "UIMFUFT 8IP $PNQFUF JO UIF OMZNQJD (BNFT -JW
™m7JUBM QSPHOPTFT PG UIF 50,:0 ™OMZNQJBO~

:VSJ ,JUBNYSB5BSP 5BLFYDSPNPUBLB 4FCVF

£0TBLB $JUZ .FOUBM )FBMUI $FOUFE
£%FQBSUNFOU PG 4PDJBM BOE &OWJSPONFOUBM .FEJDJOF OTBLB 60JWFSTJUZ (SBE)

OOWFSWJIFX PG TUVEZ SFTVMUT XIP SFQPSUFE FYFSDJTJOH IBCJUT PG PODF PS UXJDF B |
y8F VTFE TVSWJWBM NPSUBMJUZ JOGPSNBUJPO BOE WEFRVBOIDGJWEPFOFRNQFUJUIJWF MFWFM jCVU OP TUBUJTUJD
NFBTVSFNFOU EBUB BT PG %FDFNCFS GPS BUIMFYEBT TIPXO

NFO BOE XPNFO XIP DPNQFUFE JO UIF 50,:0 OMZNQUYBOAR NBKPSJUZ PG UIF IFBMUI TVSWFZT GPS HFOFSBM MPL
UP QFSGPSN B TVSWJWBM UJNF BOBMZTJT BOE NVMUJWBSBEBWFOEVYPMFEIGXKSUUIF QVSQPTF PG JOWFTUJHBUJOH U
NPSUBMJUZ BT BO PVUDPNF 6TJOH JOGPSNBUJPO QVNNGBEBMUZZBWBIBMEBOMFPO QFPQMF BHFE BOE PMEFS *O
PO UIF *OUFSOFU FUD XF BOBMZ[FE B UPUBM PG BOIMFUFTOMZNQJBOT IPXFWFS JU JT OFDFTTBSZ UP DPC
NFO BOE XPNFO XIP SFNBJOFE BGUFS FMIJNJOBUJOBUUUPHFBWFSBHF BHF JT BSPVOE ZFBST PME BOE Ul
BUIMFUFT GPS XIPN PVUDPNFT XFSF VOLOPXO JO UIF 5PDR®GTONMEDNQFDBO FYUSFNFMZ ZPVOH DPIPSU *U DBOOPU CI
$PNNFNPSBUJPO 11ZTJDBM '"JUOFTT 4UVEZ " UPUBM ®BDUPST UIBU JODSFBTF UIF SJTL PG EFBUI NBZ CF SFMBL
QFSTPO ZFBST XFSF PCTFSWFE XJUI BO BWFSBHF PCTFBWBBIPIB@PEFEBUZ FUD

PG BCPVU ZFBST y*O HFOFSBM FYFSDJTF IBCJUT BSF FGGFDUJWF JO (
y8F BOBMZ[FE UIFJS WJUBM QSPHOPTFT DPNQBSFE UMWDF MFGFSBMMF SFMBUFE EJTFBTFT BT DBSEJPWBTDYV
QPQVMBUJPO CBTFE PO PVS DBMDVMBUJPO PG B 4UBOEBRRFFBEOPEUBMIQWEZ DBODFS TP BQQBSFOUMZ GFX XPVME E
3BUJP IFSFJOBGUFS 4.3j VTJOH NPSUBMJUZ SBUFT CAUIHFFQEP® BB JPO UIBU BUIMFUFT MJWF MPOHFS MJWFT
BHF DMBTT FWFSZ ZFBST CBTFE PO UIF +BQBOFTF 7JWBEMC#EFBUDBIYEMZ BOZ JOWFTUJHBUJPO PG UIF FGGFDU PO

™ 5IFJS PWFSBMM 4.3 XBT FTUJNBUFE UP CF BOE NPSUBMJUZ JO QPQVMBUJPOT TVCKFDUFE UP MPOH
DPOGJEFODF JOUFSWBM JOEJDBUJOH UIBU UIFSBINPCGHBMHIZIOUFOTJIUZ FYFSDJTF TJHOJpDBOU EJFUB¢
SBUF XBT BCPVU MPXFS UIBO UIBU PG UIF HFOFSBM QFOVNWEBUBRPBCPMID TUFSPJET FUD JO UIF NBOOFS PG OMZ!
UIF 50,:0 OMZNQJBOT MIJWFE MPOHFS 8F TIODFSFMZ IPQF UIBU B TZTUFN BCMF UP USBDL BMM 0OM

y/FYU XF QFSGPSNFE B NVMUJWBSJBUF BOBMZTJT VIR®HWIBISE §PYISF MIWFT BOE B NFDIBOJTN DBQBCMF PG |
1SPQPSUJPOBM )B[BSET .PEFM PG UIF GBDUPST SFMBWPRE YPUNGH BBWBWMABCMF EBUBCBTF XJMM CF FTUBCMJTIFE
SBUFT VTJOH UIF QIZTJDBM GJUOFTT NFBTVSFNFOU EBUB GSPN UIF

CBTFMJOF BOE GJSTU UJNF BOE NFBTVSFNFOQASKBUEPXO PG TVCKFDUT BOBMZ[FE 5BCMFT BOE
FYFSDJTF JOUFOTJUZ DBUFHPSJFT PG UIF TQPSUT JO Xydl WIF BUBMEFWOFT OMZNQJBOT NFO BOE XPNFO
DPNQFUFE UIF UPUBM OVNCFS PG UJNFT UIFZ DPNQFUBENBQOFIEF BGUFS FYDMVEJOH UIPTF XIPTF TVSWJWBM J
OMZNQJD (BNFT MJGFTUZMF IBCJUT TNPLJOH IJTUPSES EBEFNPGTEFDFBTF XFSF OPU LOPXO 0G UIFTF
JOEFY DBUFHPSJFT #.* #.* FUD BT DPWBSIBUFGJISNFE UIBU NFO BOE XPNFOSBBMFEJFE

5/F SFTVMUT PG B DPNQBSBUJWF JOWFTUJHBUJPO XJMIWFUIFIBPROPSEOFS PG BUIMFUFT XIP EJFE BOE UIFJS 1
JOEJDBUFE B IB[BSE SBUJP PG $* JO UIF BEBBYRT CZ UIF TQPSUT JO XIJDI UIFZ DPNQFUFE "U UIF U.
XJul B #.* PG LHPS NPSF XIFO UIF HSPVQ XJUI B #.*BPGMZTJT UIF IJHIFTU OVNCFS PG EFBUIT XBT BNPOH |
MFTT UIBO LH N XBT VTFE BT UIF TUBOEBSE UIVT JXIRBIBE DPNQFUFE JO USBDL BOE pFME FWFOUT CVU KVEP
EFNPOTUSBUFE UIBU UIFJS SJTL XBT BCPVU UISFF UJNHF IJHIFSUr 8BUJP PG EFBUIT BNPOH UIF 50,:0 OMZNQJ
TJHOJGJDBOU EJGGFSFODF "MTP B UFOEFODZ XBT PGBEMWFEHGWESF TUIFIF EBUB GPS UIF CBTFMJOF QIZTJDBM
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BSF HIWFBBCMF " UFOEFODZ GPS UIF SJTL PG EFBUI UP JODSBRER
XBT PCTFSWFE GPS UIF HSPVQ UIBU IBE QBSUJDJQBUFE JO SHEFUMINQID,JUBNVSB 5 4BEP + )BUUPSJ 4 ,BOFN

(BNFT NVMUJQMF UJNFT DPNQBSFE UP UIF BUIMFUFT XIP IBEBIIRK®F TP/BLBKJNB , OLVXBLJ 5 /BLBUB , ,BXBIBSB
POMZ PODF CVU OP TUBUJTUJDBM TJHOJpDBODF XBT TIPXO4POVWIF5TBNF
XBZ JO UIF IB[BSE SBUJPT CZ FYFSDJTF JOUFOTJUZ CZ FWEOW 0OBANF 4B PSU &YFSDJTF .FEJDJOF F
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&ZFDUT PG 1PTU 3FUJSFNFOU $IBOHFT JO 11ZTJD
8FJHIU PO UIF )FBMUI PG UIF 50,:0 OMZNQJBC
%

4VTVNV 4 4BXBE®BZPLP ,BXBLBNWPJIDIIJSP OLBIJ[VP 4BLBNPUROJDIJ OLBEBUTVSV )JHVDIJ
:VLP /BHBTBLB6POH 8BORISPTIJ "PORPZB *TIJ[VLB&BDIJLP :BNBEB[VZVLJ ,BNBIBSB

5BLBTIJ ,BXBIBSB

8BTFEB 60JWFSTJUZ +BQBO 4QPSU "TTPDJ

+BQBO *OTUJUVUF PG 4QPSUT 4DJF!

+BQBO "TTPDJBUJPO GPS 60JWFSTJUZ "UIMFUJDT BOE 4(¢
OOWFSWJFX PG TUVEZ SFTVMUT .FUIPET

/a*O PSEFS UP DMBSJGZ UIF SFMBUJPOTIJQ CFUXFFO DBSEBPB¥TCRFIDBUPBOBMZ[FE JO UIJT TUVEZ XFSF B U

pUOFTT JO UIF 50,:0 OMZNQJBOT BU UIF UIJNF RGP TURFIBSEJPSFTQJSBUPSZ GJUOFTT XBT NFBTVSFE
QBSUJDJQBUJPO BOE UIF POTFU PG IZQFSUFOTJBPNBIGNPSBUFWSF 5PLZP OMZNQJD $PNNFNPSBUJPO 1
SFUJSFNFOU GSPN BDUJWF DPNQFUJUJPO XF JOWBOBIABAPRPEUIFIBU XFSF IFME JO BOE XIP QBSUJ
SFMBUJPOTIJQ CFUXFFO DBSEJPSFTQJSBUPSZ B®IWOGFBTWPRODF JO UIF NFBTVSFNFOUT IFME JO
UIJNF PG UIFJS QBSUJDJQBUJPO JO UIF OMZNQJD (BNFTBBEBE UIFIBYU XF DMBTTJGJFE UIFTF BUIMFUFT
JODJEFODF PG IZQFSUFOTJPO EVSJOH UIF GPMMPKXI¥YRF PN ETIJOBTFE PO UIF SFTVMUT PG UIFJS DBSEJ
XI1JDI UIFZ XFSF USBDLFE VOUJM GJUOFTT NFBTVSFNFOUT SFMBUJWFMZ MPX GJUOFT

/la#BTFE PO UIF SFTVMUT PG UIF JOWFTUJHBUJPO JWGXBOMIPIOpBEEESFMBUJWFMZ 1JHI GJUOFTT j8F UIFO
ulBU FWFO GPS UPQ BUIMFUFT MPX DBSEJPSFTQUI&EBUWPBUIZFGIROFIQFSUFOTIJPO POTFU JO FBDI HSPVQ
JT B SJTL GBDUPS GPS EFWFMPQJOH IZQFSUFOTJPGPMINNRXI B/S) WDFF JIFE
SFTVMUT SFQPSUFE JO TUVEJFT PG UIF HFOFSBM QPQ¥WBMUARO

/a8F BMTP DPNQBSFE UIFJS XFJHIUT BU UIF UIJNFB8FGDBMAIBMBUFE UIF SFMBUJWF SJTL PG UIF BWFS
QBSUJDJQBUJPO JO UIF 50,:0 XJUIl UIFJS XFJHBWE UPS SFMBUJWFMZ I1JHI pUOFTT jHSPVQT VTJOH UIF

ZFBST MBUFS BOE JOWFTUJHBUFE UIF SFMBUJPORKI @G LFORFFOHSPVQ BT UIF CBTFMJOF 5IF SFTVN

UIF JODJEFODF PG IZQFSUFOTJPO BOE EJBCFUFDBEMMBUBWFPORF JOEJDBUFE UIBU UIF BWFSBHF GJU
DIBOHFT JO CPEZ XFJHIU IBE B MPXFS SFMBUJWF SJTL DPNQBSFE UP UIF S

/a#BTFE PO UIF SFTVMUT PG UIF TVSWFZ JU XBT DRMPpPSNREUOFBIIi HSPVQ *O BEEJUJPO UIF SFMBUJWF
BUIMFUFT XIP HBJOFE NPSF XFJHIU BGUFS QBSURDII@BUFEBHCZIOUIF SFMBUJWFMZ IJHI GJUOFTTjHSPVC
UIF OMZNQJD (BNFT UFOEFE UP IBWF B IJHIFS JODMEXP®MPEQBSFE UP UIF SFMBUJWFMZ MPX GJUOFTT
IZQFSUFOTJPO BOE EJBCFUFT BOE FWFO UPQ BUIMRURTFIIBIF GJUOFTT UIF MPXFS UIF SJTL PG EF

HBJOFE XFJHIU BGUFS SFUJSJOH GSPN BDUJWF DPRQFBUFXPTOIXBSFJIH #BTFE PO UIFTF SFTVMUT
NPSF MJLFMZ UP EFWFMPQ IZQFSUFOTJPO BOE BDIBCGUFNFEHIBOBU MPX GJUOFTT JT B SJTL GBDUPS G
UIPTF XIP NBJOUBJOFE UIFJS XFJHIU IZQFSUFOTJPO FWFO GPS UPQ BUIMFUFT TIJNJMBS UF

SFQPSUFE JO UIF TUVEZ PG UIF HFOFSBM QPQVMBUJPC

O3FMBUJPOTIJQ CFUXFFO UIF QIZTJDBM GJUOFTT PG UIF
50,:0 OMZNQJBOT BOE UIFJS JODJEFODF RG

IZQFSUFOTJPO BGUFS SFUJSJOH GSPN BDUJWF DPN§FUJU PO

y*U JT LOPXO UIBU UIF BTQFDU PG QIZTJDBM GJUORTT UIBU

(BNFT JU TFENT UIBU UIFSF JT WBSJBUJPO JO DBSEEPSFT
pUOFTT UIBU JT EFQFOEFOU PO UIF UZQF PG TQPSU JO XI1J
FOHBHFE BOE UIF USBJOJOH MFWFMT PG UIF JOEJWJEVB
*O UIJT TUVEZ XF JOWFTUJHBUFE UIF SFMBUJPOTIJQ CFUXEF
DBSEJPSFTQJSBUPSZ GJUOFTT PG BUIMFUFT BU UIF UJNF PG UIFJS

_PX a 8IPMF CPEZ » YIHI
QBSUJDJQBUJPO JO UIF 50,:0 BOE UIFJS JODJEFODF PG FOEVSBODF
IZQFSUFOTJPO EVSJOH UIF GPMMPX VQ QFSJPE JO XIJDI UIFZ
! FMBUJWFE SJTL PG EFWFMPQJOH IZQFSUFOTJPO PCTF

JHVYSF 3
XFSF USBDLFE VOUJM JO PSEFS UP DMBSJGZ UIF SFMBIGEKSHIQ MFWEMT PG pUOFTT
CFUXFFO DBSEJPSFTQJSBUPSZ pUOFTT BOE IZQFSUFOTJPO JO UPQ

BUIMFUFT




O3FMBUJPOTIJQ CFUXFFO DIBOHFT JO UIF XFJHISAFPHSPVQT MPTU XFJHIU i NBSHJOBM XFJHIU HB.

UIF 50,:0 OMZNQJBOT BOE UIF JODJEFODF T™WE&TUBOUJBM XFJHIU HBJOjHSPVQT 5IFO XF DIFDL
IZQFSUFOTJPO BOE EJBCFUFT BGUFS SFUJSJOH TWBRUF BPGIJWRFSUFOTJPO BOE EJBCFUFT POTFU JO
DPNQFUJUJPO CBTFE PO UIF SFTVMUT PG CMPPE QSFTTVSF NFBTVS

yOCFTJUZ JT BTTPDJBUFE XJUI B NZSJBE PG IFBMUCIMPPECMAHNNUOH DPOEVDUFE EVSJOH UIF GPMMPX VQ Q
NBLJOH JU B NBKPS XPSME IFBMUI JTTVF &WFO GPBFTUWMUMFWFM
BUIMFUFT XIP QBSUJDJQBUFE JO UIF OMZNQJD (BNySIF DBRMONMBUFE UIF SFMBUJWF SJTL PG EFWFMPQJOH
JO XFJHIU EVF UP DIBOHFT JO UIF FOWJSPONBFOE ETJBDFWBHAT JO UIF NBSHJOBM XFJHIU HBJO; B
SFUJSFNFOU GSPN BDUJWF DPNQFUJUJPO BGUFS QBBWIDU@BWIBMIRFUIHIU HBJOj HSPVQT VTJOH UIF MP
OMZNQJD (BNFT BOE B EFDSFBTF JO UIF BNPVOU PH:SBSBJBJIOBI CBTFMJOF 5IF SFTVMUT PG UIFTF DB\
NBZ BGGFDU UIFJS IFBMUI 5IFSFGPSF JO UIJT TUVHD XFDBIFPEFEIBU UIF NBSHJOBM XFJHIU HBJOjHSPYV
IPX NVDI UIF XFJHIUT PG UIF BUIMFUFT DIBOHFE PSFMEBS$SWF SJTL PG EFWFMPQJOH IZQFSUFOTJPO UI
BGUFS UIFJS QBSUJDJQBUJPO JO UIF 50,:0 BOE JOWNAUJIBBIFSE DPNQBSFE XJUIl UIF MPTU XFJHIUjHSPV
UIF SFMBUJPOTIJQ CFUXFFO UIF BNPVOUT PG UIFTHIFIBNDBSFHIOBM XFJHIU HBJOjHSPVQ IBE B SFMBUJW
XFJHIU BOE UIF EFWFMPQNFOU PG IZQFSUFOTJPO EGWHRMBQFORTEJBCFUFT UIBU XBT UJNFT HSFBUFS
JO PSEFS UP DMBSJGZ IPX XFJHIU DIBOHFT BGUFSPQBBIFJMIRJBUXEHHIUjHSPVQ "EEJUJPOBMMZ UIF TV
JO UIF OMZNQJD (BNFT BGGFDUFE UIF EFWFMPXNHOU BPBIOj HSPVQ IBE SFMBUJWF SJTLT PG EF
IZQFSUFOTJPO BOE EJBCFUFT IZQFSUFOTJPO BOE EJBCFUFT UIBU XFSF BOE
.FUIPET HSFBUFS SFTQFDUJWFMZ DPNQBSFE UP UIF MPTU XF
y5IF TVCKFDUT BOBMZ[FE JO UIJT TUVEZ XFSF S5BE IMFTOMAMUT JOEJDBUFE UIBU UIF NPSF XFJHIU JT HI
XIPTF QIZTJDBM GJUOFTT XBT NFBTVSFE JO UIF GI}IFS BREZPITL PG EFWFMPQJOH IZQFSUFOTJPO BO
OMZNQJD $PNNFNPSBUJPO 11ZTJDBM 'JUOFTT 4UVEZ QBSUJDBQBUFE#BTFE PO UIFTF SFTVMUT JU XBT DP(
JO UIF NFBTVSFNFOUT IFME JO BOE BLWBU FWFO GPS UPQ BUIMFUFT HBJOJOH XFJHIU BGUI
MFBTU PODF BOE VOEFSXFOU CMPPE QSFTTVSF NFBGESRNBOUW BME DPNQFUJUJPO XBT B SJTL GBDUPS JC
CMPPE UFTUJOH 8F DBMDVMBUFE UIF EJGGFSFODFTZQ®F SIWUFXRKRARAUBOE EJBCFUFT TIJNJMBS UP UIF SFTVML
PG UIF BUIMFUFT ZFBST PS ZFBST BSREFBSUFE JO TUVEJFT PG UIF HFOFSBM QPQVMBUJPO
UIFJS QBSUJDJQBUJPO JO UIF 50,:0 VTIJOH UIFJS XFJHIUT
NFBTVSFE JO UIF GJSTU 5PLZP OMZNQJD $PNNFNPSBUJPO
11ZTJDBM '"JUOFTT 4UVEZ DPOEVDUFE JO DPNNFNPSBUJPO PG UIF
50,:0 BT UIF CBTFMJOF BOE DMBTTJpFE UIF BUIMFUFT JOUP

5.0
4.0
3.0
2.0
1.0
0.0

2.93

3FMBUJWF SJTL

Relative risk

Marginal Substantial .BSHJOBM 4VCTUBOUJBM

Lost weight weight gain weight gain "PTU XFIHIU e 5410 HBJO XFJHIU HBJO

'JHVSF 3FMBUJWF SJTL PG EFWFMPQJOH IZQFSUFOTJPO PUHNVSWREFNBUJIJWF SJTL PG EFWFMPQJOH EJBCFUFT PCTFSWFI
EJGGFSFOU BNPVOUT PG DIBOHFT JO XFJHIU BNPVOUT PG DIBOHFT JO XFJHIU
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