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ABSTRACT	
Hypotheses	on	physical	fitness	and	motor	ability	of	obesity	have	not	been	clearly	
proven.	To	be	sure,	several	papers	have	been	reported,	but	none	of	them	have	gone	
beyond	 speculation.	 In	 other	 words,	 statistically	 warranted	 amounts	 of	 data	 on	
obese	 people	 have	 not	 been	 obtained.	 This	 study	 examined	 physique,	 physical	
fitness	and	motor	ability	measurements	obtained	in	a	large-scale	investigation	over	
7	 years	 (from	 the	 2013	 to	 2019	 academic	 years)	 based	 on	 the	 physical	 fitness	
improvement	 action	 plan	 of	 City	 O	 The	measurement	 results	 of	 children	 in	 the	
second	year	of	junior	high	school	were	used.	In	this	study,	the	wavelet	interpolation	
model	 was	 applied	 specifically	 to	 the	 average	 value	 and	 standard	 deviation	 of	
height,	physical	strength	and	motor	ability	(grip	strength,	sidesteps,	sit-and-reach,	
sit	 up,	 endurance	 running,	 50	 m	 dash,	 standing	 long	 jump,	 20	 m	 shuttle	 run,	
handball	 throw)	 for	 second	 year	 junior	 high	 school	 students.	 An	 annual	 span	
evaluation	 chart	was	 then	 constructed.	The	height,	 physical	 strength,	 and	motor	
ability	of	second	year	junior	high	school	boys	and	girls	judged	by	the	annual	span	
evaluation	chart	of	BMI	devised	by	Fujii	[16]	were	applied	to	this	evaluation	chart.	
As	a	result,	the	evaluation	of	physical	fitness	and	motor	ability	of	the	second-year	
junior	high	school	 students	derived	 in	 this	 study	was	not	a	 conjecture.	Rather,	a	
clear	judgment	of	"Somewhat	poor"	or	"Poor"	in	the	items	except	for	grip	strength,	
sit-and-reach,	and	handball	throwing	was	derived,	and	we	suggest	that	a	physical	
fitness	and	motor	ability	evaluation	 for	second	year	 junior	high	school	boys	and	
girls	could	be	established	here.	
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INTRODUCTION		

Obesity	 is	defined	by	the	World	Health	Organization	as	excessive	accumulation	of	 fat	on	the	
body.	The	indicator	that	is	most	widely	used	for	a	simple	determination	of	obesity	is	probably	
body	mass	index	(BMI).	Fujii	et	al.	[1]	and	Fujii	[2]	have	already	stated	that	BMI	is	a	somewhat	
mysterious	index.	However,	it	has	an	exceptional	meaning	in	judging	obesity,	and	evaluations	
using	it	have	been	confirmed	in	all	fields	globally.	In	particular,	the	figure	of	BMI	=	22	has	been	
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established	as	a	standard	weight.	The	grounds	for	BMI	=	22	derive	from	a	finding	in	a	study	by	
Tokunaga	et	al.	[3]	that	surveyed	the	results	of	a	health	checkup	of	5,000	Japanese	men	and	
women	 aged	 30–59	 years	 old,	 and	 BMI	 =	 22	 was	 found	 to	 have	 the	 fewest	 abnormalities.	
Similarly,	 in	 an	 investigation	 of	 the	 relationship	 between	BMI	 and	 all-cause	mortality	 in	 an	
epidemiological	study,	BMI	of	23–24.9	was	reported	to	be	associated	with	the	lowest	mortality	
rate	[4].	Thus,	maintaining	a	BMI	of	22–25	is	important	for	health.	
	
Meanwhile,	 it	 is	highly	 likely	 that	obesity	has	effects	on	physical	 fitness	and	physical	ability	
associated	with	health.	Kitagawa	et	al.	[5],	Hayashi	[6],	Kim	et	al.	[7],	Kim	et	al.	[8],	and	Kitagawa	
[9]	 compared	 the	 physical	 fitness	 of	 obese	 and	 non-obese	 people,	 and	 reported	 that	 obese	
people	 had	 poorer	 performance	 in	 moving	 their	 own	 bodies,	 such	 as	 in	 the	 50	 m	 dash,	
endurance	running,	and	pull-ups.	The	reason	was	thought	to	be	that	since	obese	people	carry	
extra	weight	in	fat	on	the	body,	they	are	under	a	greater	burden	when	moving	their	bodies	than	
non-obese	people.	Thus,	most	obese	people	have	a	lower	level	of	physical	fitness	per	their	body	
weight	than	non-obese	people.	
	
In	Japan,	the	percentage	of	obese	people,	according	to	the	Ministry	of	Health,	Labor	and	Welfare	
[10],	was	30.7%	among	males	and	21.9%	among	females	age	≧20	in	2018.	These	figures	are	
thought	to	be	low	considering	the	percentage	of	obese	people	in	Western	countries,	which	was	
said	by	the	National	Center	for	Health	Statistics	(NCHS)	[11]	 in	the	US	to	be	39.6%	in	2016.	
Since	obesity	in	Japan	is	judged	to	be	BMI	of	≧25,	the	percentage	would	decrease	dramatically	
if	the	BMI	of	≧30	in	Western	countries	was	applied.	In	school-age	children,	according	to	the	
School	Health	Statistics	Research	 in	 Japan	[12],	 the	number	of	obese	17-year-olds	showed	a	
decreasing	trend	from	12.90%	in	2006	to	10.48%	in	2018.	Thus,	a	decrease	in	obesity	could	be	
said	to	be	seen	in	recent	years.	
	
However,	 although	 the	 relative	 frequency	 of	 obesity	 has	 decreased,	 the	 relationship	 with	
disease	has	not	 improved.	Rather,	 together	with	 advances	 in	medicine,	 the	 risk	 of	 lifestyle-
related	diseases	from	obesity	has	been	demonstrated.	In	“Economics	of	Obesity”	by	Furugori	
[13]	indicated	that	obese	people	have	a	high	prevalence	of	disease	as	well	as	higher	medical	
expenses	and	absentee	rates	and	decreased	abilities	to	act	and	think,	and	may	cause	decreases	
in	company	productivity.	This	finding	indicates	that	significant	problems	occur	in	workplaces	
with	obese	employees.	In	other	words,	these	problems	permeate	all	activities	up	to	the	daily	
living	activities	of	obese	people.	If	the	physical	fitness	of	obese	people	could	be	determined,	it	
would	become	possible	to	estimate	the	living	activities	of	obese	people.	
	
It	has	been	reported	by	Sawada	[14],	Hayashi	[6],	Kim	et	al.	 [8],	and	Chiba	[15]	that	muscle	
strength	in	obese	people	tends	to	be	higher	than	in	non-obese	people.	Chiba	[15]	in	particular	
reported	that	grip	strength	was	positively	correlated	with	body	fat	and	weight,	and	that	people	
with	much	body	fat	and	those	who	are	heavy	tend	to	have	higher	muscle	strength.	The	reason	
is	said	to	be	that	in	obese	people,	body	fat	acts	as	a	burden	on	muscle	in	daily	life.	Reports	are	
also	seen	that	flexibility	is	not	susceptible	to	body	type	or	physique	[15],	[16].	In	this	way,	the	
physical	fitness	of	obese	people	has	been	shown	to	differ	from	that	of	non-obese	people,	and	
there	 are	 reports	 that	 obese	 people	 have	 poorer	 physical	 fitness	 factors	 in	 terms	 physical	
quickness	and	 the	muscle	 strength,	muscle	endurance	and	general	endurance	needed	when	
moving	the	body	for	long	times.	
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However,	these	things	have	not	been	proven.	The	amount	of	data	from	which	these	findings	
were	derived	was	insufficient.	Large	amounts	of	data	are	not	needed	for	clinical	research	on	
obesity,	but	epidemiological	surveys	need	to	be	done	with	around	300	obese	people	to	derive	
statistical	significance.	No	studies	on	the	physical	abilities	of	obese	people	have	been	done	with	
more	 than	 300	 obese	 people	 as	 subjects.	 For	 example,	 Nakao	 et	 al.	 [17]	 analyzed	 the	
characteristic	physical	abilities	of	obese	children,	but	the	subjects	were	141	boys	and	girls	from	
the	first	to	sixth	grades	of	elementary	school,	among	whom	only	14	were	obese	children.	Thus,	
the	amount	of	data	on	obese	children	was	far	too	little.	Consequently,	details	to	date	on	physical	
ability	in	obesity	during	youth,	including	the	elementary	school	years,	are	thought	to	be	simple	
speculation.	That	is,	the	statistical	significance	from	the	amount	of	data	on	obese	children	has	
not	been	ensured.	
	
In	this	study,	we	used	the	measurement	results	for	fifth	grade	elementary	school	students	and	
second	 year	 junior	 high	 school	 students	 from	 a	 detailed	 longitudinal	 survey	 of	 physique,	
physical	fitness,	and	motor	ability	obtained	in	a	large-scale	survey	over	seven	years	based	on	
the	 City	 O	 physical	 fitness	 improvement	 action	 plan.	 Next,	 we	 constructed	 an	 annual	 span	
evaluation	chart	of	physical	fitness	and	motor	ability	from	the	measurement	results	of	the	fifth-
grade	elementary	school	students	and	second	year	junior	high	school	students.	In	particular,	in	
this	 study	we	 identified	 second	 year	 junior	 high	 school	 boys	 and	 girls	with	 severe	 obesity	
judged	from	BMI.	We	applied	the	physical	fitness	and	motor	ability	results	of	the	severely	obese	
children	 to	 the	annual	span	evaluation	chart	and	evaluated	 their	physical	 fitness	and	motor	
ability	over	time.	We	then	derived	a	confirmation	of	the	findings	of	each	ability	of	the	severely	
obese	 children	 derived	 from	 the	 physical	 fitness	 and	 motor	 ability	 evaluation.	 The	 data	
obtained	in	this	study	were	data	measured	in	elementary	and	junior	high	schools	in	all	of	City	
O,	 ensuring	 huge	 amounts	 of	 data.	 Therefore,	 the	 findings	 provided	 here	 from	 the	 physical	
fitness	and	motor	ability	evaluation	of	obese	children,	unlike	previous	speculative	findings,	are	
confirmed	findings.	
	

METHODS	
Subjects	
The	subject	data	were	measurements	of	physique,	physical	strength,	and	motor	ability	from	the	
2013	to	2019	school	years	for	boys	and	girls	in	the	second	year	of	junior	high	school	in	City	O	
in	the	Kansai	region.	In	addition,	data	for	boys	and	girls	in	the	second	year	of	junior	high	school	
from	the	results	of	physical	strength	and	motor	ability	surveys	published	by	the	Ministry	of	
Education,	 Culture,	 Sports,	 Science	 and	 Technology	 for	 that	 same	 period	 were	 used.	 The	
measured	 items	 included	physique	 items	 (height,	weight,	BMI),	 and	physical	 strength	 items	
(grip	strength,	sidesteps,	sit-and-reach,	sit-ups,	endurance	running,	50	m	dash,	standing	long	
jump,	20	m	shuttle	run,	and	handball	throw).	
	
Construction	of	annual	span	evaluation	chart	
The	mean	value	and	standard	deviation	of	physical	 fitness	and	motor	ability	 test	results	 for	
second	year	junior	high	school	boys	and	girls	were	calculated	for	the	2013	to	2019	school	years,	
and	the	wavelet	interpolation	model	was	applied	to	the	mean	value	for	each	measured	item.	
The	wavelet	interpolation	model	was	also	applied	to	the	mean	values	±	0.5	SD	and	mean	values	
±	 1.5	 SD.	 Figure	 1	 shows	 the	 longitudinal	 trends	 in	 height	 in	 boys	 to	 which	 the	 wavelet	
interpolation	model	was	applied,	and	is	also	an	evaluation	chart	of	the	annual	span.	As	is	clear	
from	looking	at	the	annual	trends,	mean	height	tended	to	be	around	164	cm.	Tall	boys	tended	
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to	be	around	172	cm,	and	short	boys	to	be	under	156	cm.	These	annual	span	evaluation	charts	
were	constructed	for	the	physical	fitness	and	motor	ability	items.	
	
Identification	of	children	with	severe	obesity	
In	adults,	severe	obesity	may	be	set	as	a	BMI	of	30	or	more,	but	the	criterion	for	adults	cannot	
be	applied	to	severe	obesity	in	second	year	junior	high	school	students.	Fujii	[16]	constructed	
an	aging	span	evaluation	chart	for	BMI	with	findings	that	verified	tracking	to	obesity	in	adults,	
and	severe	obesity	in	second	year	junior	high	school	students	was	identified	by	applying	that	
evaluation	 chart.	 Figure	 2	 is	 an	 evaluation	 chart	 that	 judge’s	 obesity,	 but	 the	mean	 BMI	 of	
second	year	 junior	high	 school	 students	 is	 about	20.5.	When	attempting	 to	 judge	obesity,	 a	
judgment	can	be	made	for	people	in	the	range	of	more	than	+1.5	SD,	but	if	a	judgment	of	severe	
obesity	is	to	be	made,	establishing	a	BMI	of	25	or	higher	is	thought	to	be	appropriate.	In	this	
study,	we	set	BMI	of	≧25	as	the	criterion	for	severe	obesity	in	second	year	junior	high	school	
students.	
	

	
Figure	1.	Annual	span	evaluation	chart	of	height	in	second	year	junior	high	school	boys	
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Figure	2.	Obesity	judgment	chart	based	on	changes	in	BMI	with	age	

	
Wavelet	interpolation	model	
The	wavelet	 interpolation	model	 is	a	method	 in	which	 interpolation	between	data	points	 is	
done	 with	 a	 wavelet	 function	 (the	 basis	 function	 is	 the	 mother	 wavelet	 of	 Meyer)	 to	
approximately	describe	the	true	growth	curve	from	given	growth	data,	and	a	growth	distance	
curve	 is	drawn.	That	 growth	distance	 curve	 is	differentiated	and	a	growth	velocity	 curve	 is	
derived	to	examine	the	growth	distance	values	of	things	such	as	pubertal	peaks	or	the	age	at	
menarche.	The	characteristics	of	the	wavelet	interpolation	model	are	that	it	sensitively	reads	
local	events	and	has	a	very	high	approximation	accuracy.	A	detailed	theoretical	background	and	
the	evidence	for	its	validity	have	been	described	previously	by	Fujii	[18,	19,	20],	and	so	the	data	
analysis	algorithm	with	the	wavelet	interpolation	method	will	be	omitted	here.	
	

RESULTS	
Longitudinal	statistics	for	height	and	weight	in	severe	obesity	
The	results	of	a	one-way	analysis	of	variance	conducted	for	the	items	of	height	and	physical	
fitness/motor	 ability	 in	 severely	 obese	 people	 from	 2013	 to	 2019	 revealed	 no	 significant	
difference	in	any	of	the	items.	In	other	words,	in	these	recent	seven	years	no	changes	were	seen	
in	the	physical	fitness	of	severely	obese	people.	Therefore,	since	there	were	no	changes	in	the	
physical	fitness	of	second	year	junior	high	school	students	over	these	seven	years,	we	thought	
we	would	construct	an	annual	span	evaluation	chart	for	physical	fitness	and	motor	ability	not	
in	single	years	but	in	a	seven-year	span.	By	devising	an	annual	span	evaluation,	we	attempted	
to	grasp	the	physical	fitness	and	motor	ability	of	severely	obese	second	year	junior	high	school	
students	in	recent	years.	A	span	evaluation	chart	was	constructed	for	the	physical	fitness	and	
motor	ability	items	of	grip	strength,	sidesteps,	sit-and-reach,	sit-ups,	endurance	running,	50	m	
dash,	standing	long	jump,	20	m	shuttle	run,	and	handball	throw,	and	each	physical	fitness	item	
for	severely	obese	people	was	applied	to	that	evaluation	chart.	
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Application	 of	 physical	 fitness	 items	 in	 severely	 obese	 children	 to	 the	 annual	 span	
evaluation	chart	
The	physique	item	of	height	hovered	around	164	cm	in	boys	and	156	cm	in	girls,	showing	a	
tendency	to	be	in	the	“average”	evaluation	range	of	−0.5	SD	to	+0.5	SD.	Boys	in	particular	tended	
to	be	at	the	upper	limit	of	the	average	range.	
	
In	the	physical	fitness	and	motor	ability	items,	grip	strength	was	around	33	kg	in	boys	and	26.5	
kg	in	girls.	Grip	strength	tended	to	be	in	a	“Somewhat	high”	evaluation	range	of	+0.5	SD	to	+1.5	
SD	in	both	boys	and	girls.	For	sit-ups,	boys	performed	about	22	sit-ups	and	girls	about	20,	which	
was	judged	to	be	“Somewhat	low”	in	both	boys	and	girls.	In	the	sit-and-reach,	boys	tended	to	
reach	around	40	cm	and	girls	around	42	cm,	trending	in	the	standard	range.	In	sidesteps,	boys	
stepped	about	45	times	and	girls	about	42	times,	 judged	to	be	“Somewhat	low.”	In	the	20	m	
shuttle	run,	boys	ran	nearly	50	times	and	girls	about	34	times,	trending	near	−1.5	SD	in	both	
boys	and	girls,	which	was	judged	to	be	“Low.”	In	the	50	m	dash,	boys	ran	the	distance	in	about	
9	sec	and	girls	about	10	sec,	which	was	the	lower	limit	of	“Somewhat	low”	for	both	boys	and	
girls.	In	the	standing	long	jump,	boys	jumped	about	170	cm	and	girls	about	140	cm,	trending	in	
the	“Somewhat	low”	evaluation	range.	In	the	handball	throw,	both	boys	and	girls	tended	to	be	
in	the	“Average”	evaluation	range	of	−0.5	SD	to	+0.5	SD.	Finally,	in	endurance	running	both	boys	
and	girls	tended	to	be	in	the	“Low”	evaluation	range	of	−1.5	SD	or	less.	
	
Here,	we	would	like	to	draw	attention	to	the	fact	that	the	items	of	the	20	m	shuttle	run	and	
endurance	 running	 are	 both	 items	 that	 measure	 endurance	 ability,	 and	 so	 the	 number	 of	
selected	people	was	smaller.	
	
Table	1.	Basic	Statistics	for	height	and	physical	fitness	motor	ability	in	severely	obese	people	

from	2013	to	2019	(Boys)	

	
	

H eight
G rip

strength
S it-up

S it and

reach test

R epeated

side jum p

20m

shuttle run
50m  run

S tanding

long jum p

H and-ball

throw ing

Endurance

running

m ean
164.25 34.43 23.30 40.83 43.76 53.43

※N＝112

8.95 167.33 19.93 520.19

※N＝31

S D
6.69 8.29 6.80 9.11 8.68 21.18

※N＝112

1.22 24.15 6.45 100.63

※N＝31

m ean
162.95 32.88 22.11 40.89 44.28 46.19

※N＝135

9.08 162.88 19.14 520.56

※N＝25

S D
7.57 7.91 5.90 9.74 8.73 18.51

※N＝135

1.06 28.66 5.95 81.23

※N＝25

m ean
163.56 34.15 23.23 40.82 44.58 47.84

※N＝179

9.03 166.11 19.41 475.7

※N＝20

S D
7.44 7.72 5.98 10.51 8.97 18.69

※N＝179

1.24 26.88 5.93 72.95

※N＝20

m ean
163.27 32.95 23.12 40.90 45.23 47.42

※N＝181

9.14 165.76 19.68 549.48

※N＝23

S D
7.71 7.51 6.08 9.15 8.82 19.70

※N＝181

1.15 28.27 5.51 79.87

※N＝23

m ean
163.56 33.71 22.67 40.98 46.06 48.65

※N＝163

8.97 167.51 19.79 503.27

※N＝30

S D
7.93 7.37 6.89 10.40 8.26 18.00

※N＝163

1.16 26.94 5.78 79.12

※N＝30

m ean
162.20 32.72 23.41 42.33 46.30 48.58

※N＝177

9.17 166.48 18.30 523

※N＝10

S D
8.33 8.25 6.20 10.90 7.59 21.73

※N＝177

1.27 31.63 6.01 140.3

※N＝10

m ean
164.10 35.00 24.15 41.84 46.94 51.40

※N＝191

8.86 172.73 19.86 532.25

※N＝4

S D
7.55 7.96 6.33 10.03 7.54 20.06

※N＝191

1.09 29.62 5.99 98.24

※N＝4

2018

(N = 181)

2019

(N = 195)

2015

(N = 191)

2016

(N = 194)

2017

(N = 178)

O besity (B oys)

2013

(N = 141)

2014

(N = 152)
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Table	2.	Basic	Statistics	for	height	and	physical	fitness	motor	ability	in	severely	obese	people	
from	2013	to	2019	(Girls)	

	
	

	
Figure	3.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	boys	(Grip	strength)	

	

	
Figure	5.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	boys	(20m	shuttle	run)	
	

H eight
G rip

strength
S it-up

S it and

reach test

R epeated

side jum p

20m

shuttle run
50m  run

S tanding

long jum p

H and-ball

throw ing

Endurance

running

m ean
155.21 27.62 19.20 41.19 41.13 34.15

※N＝88

9.95 142.50 12.70 367.69

※N＝32

S D
4.64 4.63 4.73 9.68 5.60 14.05

※N＝88

0.87 21.29 3.98 40

※N＝32

m ean
155.85 27.45 19.09 42.82 41.39 34.25

※N＝100

10.02 141.44 12.93 377.13
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Figure	7.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	boys	(Standing	long	

jump)	
	

	
Figure	4.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	girls	(Grip	strength)	

	

	
Figure	6.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	girls	(20m	shuttle	run)	
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Figure	8.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	girls	(Standing	long	

jump)	
	

	
Figure	9.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	boys	(50m	run)	

	

	
Figure	10.	Applied	to	an	annual	span	evaluation	chart	for	severely	obese	girls	(50m	run)	

	
DISCUSSION	

It	 has	 been	 thought	 that,	 regardless	 of	 school	 age,	 for	 the	 physical	 fitness	 of	 general	 obese	
people	there	is	a	risk	of	a	burden	on	the	body	from	fat	compared	with	non-obese	people,	and	
their	ability	to	move	the	body	is	poorer	[5,	6,	7,	8,	9].	In	more	recent	reports,	Naito	et	al.	[21,	
22]	found	a	tendency	for	obese	people	to	have	poorer	performance	in	the	standing	long	jump,	
sit-ups,	 and	 the	 ability	 to	move	 the	 body	 quickly	 in	 the	 50	m	 dash	 and	 over	 long	 times	 in	
endurance	running	compared	with	average	weight	people.	Kim	et	al.	[8]	and	Shimojo	et	al.	[23]	
showed	that	among	physical	 fitness	 items	 in	obese	people,	general	endurance	was	the	most	
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affected	by	fat	and	was	markedly	poorer	than	in	non-obese	people,	indicating	a	tendency	for	
endurance	to	be	the	poorest	of	all	items	in	previous	findings.	From	the	fact	that	endurance	is	
greatly	associated	with	the	amount	of	physical	activity	in	daily	life	and	exercise	habits,	Nakatani	
[24]	conjectured	that	obese	people	may	have	a	chronic	lack	of	exercise	in	their	daily	lives.	
	
Moreover,	Reports	by	Naito	et	al.	[21,	22]	showed	that	items	that	require	muscle	strength	or	
power,	 such	as	 the	standing	 long	 jump,	sit-ups,	and	50	m	dash,	obese	students	have	poorer	
performance	 than	 average	 weight	 students	 even	 in	 the	 time	 during	 high	 school	 when	 the	
development	of	muscle	 strength	 is	 expected.	 In	other	words,	 increased	weight	 from	 fat	 is	 a	
burden	on	the	body,	and	muscle	strength	and	power	per	body	weight	cannot	be	fully	displayed,	
and	this	is	conjectured	to	have	affected	the	decreased	performance	of	obese	people.	For	grip	
strength	and	the	handball	throw,	however,	obese	people	showed	ability	of	about	the	same	level	
as	 average	weight	people.	 In	 grip	 strength	 in	particular,	 obese	people	 are	 reported	 to	have	
superior	performance	to	average	weight	people.	All	in	all,	this	shows	nothing	more	than	that	
obese	people	retain	about	the	same	ability	as	average	weight	people	in	muscle	strength	and	
throwing	ability.	The	sit-and-reach,	which	assesses	flexibility,	was	also	about	the	same	in	obese	
people	and	average	weight	people.	Flexibility	is	due	to	the	qualities	of	individual	joints,	and	is	
considered	to	be	less	affected	by	body	type	and	physique	[15,	16],	from	which	it	is	conjectured	
that	there	is	no	negative	effect	in	obese	people.	
	
Although	previous	findings	related	to	physical	abilities	 in	obesity	are	shown	above,	none	go	
beyond	speculation.	In	other	words,	clear	physical	ability	assessments	cannot	be	established	
because	of	the	lack	of	data	on	obesity.	To	verify	hypotheses	on	physical	abilities	in	obesity,	it	is	
necessary	to	ensure	the	amount	of	data	on	obesity	that	is	statistically	warranted.	In	this	study,	
we	used	physical	 strength	and	motor	ability	measurement	data	 from	all	areas	based	on	 the	
physical	fitness	improvement	action	plan	in	City	O	for	the	seven	recent	years	of	the	2013	to	
2019	 academic	 years,	 and	 succeeded	 in	 extracting	 obesity	 data	 from	 among	 an	 enormous	
amount	of	data.	Severe	obesity	was	used	to	reliably	identify	obesity.	Because	there	was	such	a	
large	amount	of	data,	the	evaluation	was	devised	in	a	longitudinal	span	rather	than	constructing	
evaluations	for	single	years.	This	evaluation	is	an	evaluation	chart	that	considers	longitudinal	
trends,	which	are	thought	to	be	the	best	for	evaluating	physical	ability	(physical	fitness,	motor	
ability)	in	severely	obese	people.		
	
When	constructing	an	evaluation	chart,	it	is	important	to	make	evaluation	lines	that	demarcate	
evaluation	ranges.	A	previous	method	to	analyze	longitudinal	trends	was	a	method	devised	by	
Fujii	[25]	that	applied	least	squares	approximation	polynomials,	but	there	was	a	problem	in	
that	this	did	not	pass-through	observation	points.	It	was	effective	enough	if	looking	at	simple	
trends,	but	since	this	study	was	a	relatively	short	span	of	seven	years,	we	decided	to	apply	the	
wavelet	 interpolation	model,	 which	 can	 pass	 through	 observation	 points,	 rather	 than	 least	
squares	approximation.	The	reason	for	applying	the	wavelet	interpolation	model	is	that	with	
primary	functions	only	compositions	that	increase	in	a	simple	linear	fashion	can	be	verified,	
whereas	 with	 secondary	 and	 higher	 order	 functions	 it	 is	 thought	 that	 compositions	 with	
changing	increases	can	be	grasped.	Moreover,	the	wavelet	interpolation	model	does	not	have	
fixed	 characteristics	 as	 a	mathematical	 function,	 and	 so	 it	 is	 effective	 in	 that	 longitudinally	
changing	 trends	 in	 physical	 abilities	 do	 not	 depend	 on	 the	 function.	 Thus,	 the	 longitudinal	
change	trends	in	physical	abilities	can	be	understood	as	a	true	change	model.	The	effectiveness	
of	this	wavelet	interpolation	model	was	previously	explained	by	Fujii	[19].	
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In	 this	 study,	 the	wavelet	 interpolation	model	was	 applied	 to	 longitudinal	 trends	 in	 height,	
physical	fitness,	and	motor	ability	in	second	year	junior	high	school	girls	and	boys.	The	wavelet	
interpolation	model	was	applied	to	standard	values	of	a	5-step	evaluation	from	the	mean	and	
standard	deviation	for	height	and	physical	fitness/motor	ability	in	each	academic	year,	and	an	
annual	span	evaluation	chart	was	constructed.	The	height	and	physical	fitness/motor	ability	
(grip	strength,	sidesteps,	sit-and-reach,	sit	up,	endurance	running,	50	m	dash,	standing	 long	
jump,	20	m	shuttle	run,	handball	throw)	of	the	severely	obese	second	year	junior	high	school	
girls	and	boys	determined	with	the	BMI	aging	span	evaluation	chart	devised	by	Fujii	[16]	were	
applied	to	this	evaluation	chart.	These	results	were	definitive	judgments.	The	height	of	severely	
obese	 students	was	 judged	 to	 be	 in	 the	 average	 range	 for	 both	 boys	 and	 girls.	 Among	 the	
physical	fitness	and	motor	ability	items,	grip	strength	was	judged	to	be	“Somewhat	high”	for	
both	boys	and	girls.	Next,	the	sit-and-reach	and	handball	throw	were	judged	to	be	“Average”	for	
both	boys	and	girls.	The	other	physical	fitness	and	motor	ability	items	of	sidesteps,	sit	ups,	20	
m	shuttle	run,	50	m	dash,	and	standing	long	jump	were	judged	to	be	“Somewhat	low”	for	both	
boys	and	girls.	It	is	noteworthy	that	the	50	m	dash	for	boys	and	girls	and	the	20	m	shuttle	run	
for	boys	were	judged	to	be	“Low.”	
	
The	evaluation	of	physical	fitness	and	motor	ability	in	severely	obese	second	year	junior	high	
school	 students	 derived	 in	 this	 study	 was	 not	 conjecture	 but	 a	 clear	 determination	 of	
“Somewhat	 poor”	 or	 “Poor”	 for	 items	 other	 than	 grip	 strength,	 sit-and-reach,	 and	 handball	
throw.	This	determination	would	seem	to	be	a	very	 important	 finding	 in	understanding	 the	
physical	fitness	and	motor	ability	of	obese	second	year	junior	high	school	students.	We	suggest	
that	a	physical	fitness	and	motor	ability	evaluation	in	severely	obese	second	year	junior	high	
school	students	have	been	established	here.		
	

CONCLUSION	
In	 this	 study	we	 carefully	 examined	 physique,	 physical	 fitness	 and	motor	 ability	 over	 time	
obtained	in	a	large-scale	survey	over	seven	years	(2013	to	2019	academic	years)	from	the	City	
O	physical	fitness	improvement	action	plan,	and	used	the	measurement	results	for	fifth	grade	
elementary	 school	 students	 and	 second	 year	 junior	 high	 school	 students.	 In	 particular,	 the	
wavelet	interpolation	model	was	applied	to	annual	trends	in	height	and	physical	fitness/motor	
ability	in	second	year	junior	high	school	boys	and	girls.	The	wavelet	interpolation	model	was	
applied	to	standard	values	of	a	5-step	evaluation	 from	the	mean	and	standard	deviation	 for	
height,	physical	fitness	and	motor	ability	in	each	academic	year,	and	an	annual	span	evaluation	
chart	was	constructed.	The	height	and	physical	fitness/motor	ability	(grip	strength,	sidesteps,	
sit-and-reach,	 sit	 up,	 endurance	 running,	 50	m	dash,	 standing	 long	 jump,	 20	m	 shuttle	 run,	
handball	throw)	of	the	severely	obese	second	year	junior	high	school	girls	and	boys,	determined	
with	the	BMI	aging	span	evaluation	chart	devised	by	Fujii	[16],	were	applied	to	this	evaluation	
chart.	From	these	results,	it	was	determined	that	the	height	of	severely	obese	students	was	in	
the	average	range	for	both	boys	and	girls.	Among	the	physical	fitness	and	motor	ability	items,	
grip	strength	was	judged	to	be	“Somewhat	high”	for	both	boys	and	girls.	Next,	the	sit-and-reach	
and	handball	throw	were	judged	to	be	“Average.”	The	other	physical	fitness	and	motor	ability	
items	of	sidesteps,	sit	ups,	20	m	shuttle	run,	50	m	dash,	and	standing	long	jump	were	judged	to	
be	“Somewhat	low”	for	both	boys	and	girls.	The	evaluation	of	physical	fitness	and	motor	ability	
in	 severely	 obese	 second	 year	 junior	 high	 school	 students	 derived	 in	 this	 study	 was	 not	
conjecture	but	a	 clear	determination	 that	 items	other	 than	grip	 strength,	 sit-and-reach,	 and	
handball	throw	were	“Somewhat	poor”	or	“Poor.”	We	suggest	that	a	physical	fitness	and	motor	
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ability	evaluation	in	severely	obese	second	year	junior	high	school	students	were	established	
here.	
	
References	
Fujii,	K.,	et	al.,	Composition	of	Relation	between	Essential	Meaning	of	BMI	and	Fat	that	Contributes	to	Female	
Trunk	Circumference.	The	Korean	Journal	of	Physical	Education,	2014,	53(2):	p.	631-640.	

Fujii,	K.,	Tanaka,	N.,	Takeyama,	Y.	and	Ishigaki,	T.,	Examination	of	a	Sigmoid	Shape	Composition	for	BMI	
Fluctuation	and	Fat	Percentage.	American	Journal	of	Sports	Science,	2021,	9(3):	p.	60-65.	

Tokunaga,	K.,	et	al.,	Ideal	body	weight	estimated	from	the	body	mass	index	with	the	lowest	morbidity.	lnt	J	Obes,	
1991,	15(1):	p.	1-5.	

Tsugane,	S.	and	Sasaki,	S.,	Under-	and	overweight	impact	on	mortality	among	middle-aged	Japanese	men	and	
women:	a	10-y	follow-up	of	JPHC	Study	cohort	I,	International	Journal	of	Obesity,	2002,	26:	p.	529–537.	

Kitagawa,	K.	and	Miyashita,	M.	Muscle	strengths	in	relation	to	fat	storage	rate	in	young	men.	Eur.J.Appl.Physiol.	
1978,	38:	p.	189-196.	

Hayashi,	S.,	Investigation	of	physical	fitness	and	motor	ability	in	obese	students.	Japanese	journal	of	school	
health,	1988,	30(1):	p.	30-37.	

Kim,	H.	K.,	Matsuura,	Y.,	Tanaka,	K.	and	Inagaki,	A.,	The	Effect	of	Body	Composition	on	Physical	Fitness	and	Motor	
Ability	in	Obese	Boys	12	Through	14	Years	of	Age.	Japanese	Journal	of	Physical	Fitness	and	Sports	Medicine,	
1992,	41(5):	p.	548-558.	

Kim,	H.	K.,	Matsuura,	Y.,	Tanaka,	K.,	and	Inagaki,	A.,	Physical	Fitness	and	Motor	Ability	in	Obese	Girls	Aged	12	to	
14	Years.	Japanese	Journal	of	Physical	Fitness	and	Sports	Medicine,	1993,	42(4):	p.	380-388.	

Kitagawa,	K.,	Exercise	and	Sports	Physiology.	2001,	Ichimura	shuppan:	Tokyo,	Japan.	

Ministry	of	Health,	Labor	and	Welfare.	National	Health	and	Nutrition	Survey	Report	2019.	
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/kenkou/eiyou/h29-houkoku.html	(accessed	
2021.11).	

National	Center	for	Health	Statistics	(NCHS).	overweight	and	obesity.	https://www.cdc.gov/obesity/,	(accessed	
2021.11).	

Ministry	of	Education,	Culture,	Sports,	Science	and	Technology.	School	Health	Statistics	Research,	Summary	of	
Results.	
http://warp.ndl.go.jp/info:ndljp/pid/11293659/www.mext.go.jp/b_menu/toukei/chousa05/hoken/kekka/126
8813.htm,	(accessed	2021.11).	

Furugouri,	T.,	Economics	of	obesity.	2010,	Kadokawa	Gakugei	Shuppan:	Tokyo,	Japan.	

Sawada,	Y,	and	Karatsu,	K.,	Relationship	between	physical	fitness	and	body	composition.	1980	Grant-in-Aid	for	
Scientific	Research	Integrated	Research	(A)	Report.	1981,	p.	51-56.	

Chiba,	Y.,	Relationship	Between	Body	Composition	and	Physical	Fitness	of	University	Students	(No.2).	Kanagawa	
University	international	management	review,	2010,	40:	p.	109-115.	

Kohno,	M.,	Introduction	to	Physical	Education.	1993,	Kobayashi	Shuppan:	Tokyo,	Japan.	

Nakao,	S.,	et	al.,	Physical	Ability	and	Childhood	Obesity:	Isometric	Knee	Extension	Strength	and	One	Leg	Standing	
Time.	Journal	of	Physical	Therapy	Science,	2009,	24(4):	p.543-547.	

Fujii,	K.	and	Matsuura,	Y.,	Analysis	of	the	Velocity	Curve	for	Height	by	the	Wavelet	Interpolation	Method	in	
Children	Classified	by	Maturity	Rate.	American	Journal	of	Human	Biology,	1999,	10:	p.	1-19.	

Fujii,	K.,	A	scientific	approach	to	growth	and	development:	Physical	information	science	for	growth	and	
development	&	health.	2006,	Sankeisha:	Nagoya,	Japan.	

Fujii,	K.,	et	al.,	Health	science	for	life-span	development:	scientific	search	to	health	over	life-span.	2008,	Kyorin-
Shoin:	Tokyo,	Japan.	



	
	

	
	

573	

Abe, K., Mimura, K., & Fujii, K. (2022). Examination of Physical Fitness Evaluations of Severe Obesity During Junior High School. European Journal of 
Applied Sciences, 10(2). 561-573. 

URL:	http://dx.doi.org/10.14738/aivp.102.12232	

Naito,	Y.,	Fujii,	K.	and	Kim,	J.	D.,	Confirmation	Regarding	Physical	Ability	of	Female	Obesity.	The	Korea	Journal	of	
Sports	Science,	2017,	26(5):	p.	1059-1066.	

Naito,	Y.,	Fuji,	K.,	Han	T.	Y.	and	Kim,	J.	D.,	Verification	regarding	Physical	Fitness	of	Fat	Type	based	on	
Longitudinal	Physical	Growth	Data	during	High	School.	The	Korea	Journal	of	Sports	Science,	2019,	28(2);	p.	
1013-1019.	

Shimojo,	H.,	Nakata,	Y.,	et	al.,	Trends	in	body	mass	index	and	physical	fitness	of	Japanese	university	students	over	
26	years	and	the	association	between	these	parameters.	Japan	J.	Phys.	Educ.	Hlth.	Sport	Sci,	2013,	58:	p.	181-194.	

Nakatani,	T.	and	Ikeda,	T.,	Physical	Mechanics.	Kagakudojin:	Tokyo,	Japan.	

Fujii,	K.,	Koo,	K.	S.,	Beak,	U.	H.	and	Hong,	Y.	J.,	Difference	between	Japan	and	South	Korea	Regarding	Construction	
of	Delayed	Menarche	Evaluation	by	Wavelet	Interpolation	Method.	The	Journal	of	Education	and	Health	Science,	
2010,	56(2):	p.	171-182.	

	
	
																																																																																																	


