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Abstract.	 [Purpose]	Square-stepping	exercise	is	recommended	for	elderly	people,	as	it	has	a	positive	effect	on	
cognitive and physical functions; however, few studies have examined the exercise intensity of square-stepping 
exercise. Therefore, we aimed to examine the exercise intensity of square-stepping exercise in community-dwelling 
late elderly females. [Participants and Methods] Study 1: The participants, constituting 12 community-dwelling late 
elderly females (age: 78.7 ± 3.8 years), performed the three target step patterns. Exhaled gas, heart rate, and rating 
of perceived exertion using the Borg Scale were measured during square-stepping exercise. Study 2: Participants 
were 57 community-dwelling elderly females (81.2 ± 4.3 years old). The exercise intensity, heart rate, and rating 
of perceived exertion using the Borg Scale during square-stepping exercise were measured. [Results] Study 1: The 
average METs of the 3 target step patterns was 3.6 ± 0.7, and the %heart rate reserve and rating of perceived exertion 
were 54.3 ± 20.0% and 11.4 ± 1.9%, respectively. Study 2: The average METs during the square-stepping exercise 
program was 2.1 ± 0.2, and the %heart rate reserve and rating of perceived exertion were 19.6 ± 10.2% and 11.3 ± 
1.4%,	respectively.	[Conclusion]	Square-stepping	exercise	was	confirmed	to	be	a	low	to	moderate	intensity	exercise	
program	and	is	expected	to	improve	health	and	physical	fitness.
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INTRODUCTION

In	 Japan,	where	aging	 is	a	 social	problem,	 the	 total	population	 is	expected	 to	decrease,	and	 the	proportion	of	elderly	
people,	especially	those	aged	≥75	years,	will	increase.	According	to	the	Ministry	of	Health,	Labor	and	Welfare,	the	popula-
tion	aged	≥65	years	in	2018	was	35.58	million,	accounting	for	28.1%	of	the	total	population1). The population aged >75 years 
is	17.98	million,	accounting	for	14.2%	of	the	total	population,	exceeding	those	aged	65–74	years	for	the	first	time1). As a 
result,	the	number	of	people	requiring	care	has	also	increased,	from	approximately	4.378	million	in	2007	to	approximately	
6.187 million in 2016, an increase of 1.89 million in 10 years2).	In	2012,	the	number	of	elderly	people	with	dementia	was	4.62	
million,	about	one	in	seven	elderly	people	aged	>65	years.	This	is	estimated	to	be	7.3	million	by	2025,	up	to	one-fifth3). Based 
on	these	data,	an	effective	strategy	to	address	problems	caused	by	an	aging	society	should	be	established.

The	importance	of	physical	activity	for	preventing	illness,	nursing	care,	and	dementia	in	elderly	people	has	already	been	
pointed	out.	According	to	the	World	Health	Organization,	deaths	from	physical	inactivity	account	for	6%	of	deaths	world-
wide, the fourth risk factor following hypertension (13%), smoking (9%), and hyperglycemia (6%)4).	According	to	the	Health	
Japan	21,	rates	of	mortality,	ischemic	heart	disease,	hypertension,	diabetes,	obesity,	osteoporosis,	and	colorectal	cancer	have	
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declined	in	people	with	high	activity	levels.	In	addition,	exercise	has	also	been	reported	to	improve	mental	health	and	quality	
of life5).	Even	in	elderly	people,	increased	physical	activity	in	daily	life	reduces	bedridden	status	and	even	deaths5). Based 
on	these	facts,	the	Ministry	of	Health,	Labor	and	Welfare,	as	a	basic	policy	of	the	Health	Japan	21,	aims	to	increase	people’s	
awareness of, and attitude toward, physical activity and exercise to increase the amount of physical activity5). Elderly people 
should exercise with the proper setting conditions, such as the type, intensity, time, and frequency in order to prevent daily 
living	movement	disorders	effectively5).

In	 such	social	 situations,	many	activities	using	exercise	 to	prevent	nursing	care	and	dementia	are	being	 implemented	
in	 various	 parts	 of	 Japan.	The	Square-Stepping	Exercise	 (SSE)	 aims	 to	maintain	 and	 improve	 elderly	 people’s	 physical	
and cognitive functions6).	SSE	is	an	exercise	that	involves	continuous	movement	in	the	forward,	backward,	left/right,	and	
diagonal directions (stepping). The participant uses a mat that is 100 cm wide and 250 cm deep and is separated into 25 cm 
square	spaces.	Studies	show	that	participating	in	SSE	class	for	three	months	has	a	positive	effect	on	physical	and	cognitive	
functions	of	community-dwelling,	late	elderly	(individuals	≥75	years)	females7).	Shigematsu	et	al.	assessed	SSE’s	effects	on	
adherence	and	functional	fitness	in	a	long-term,	observational	setting	after	a	randomized	controlled	trial8). They reported that 
SSE	had	the	same	level	of	continuity	as	walking	and	that	it	improved	physical	fitness	as	well	as,	or	better	than,	walking8). 
Furthermore,	the	practice	of	SSE	has	also	been	reported	to	greatly	improve	subjective	effects,	such	as	“increased	laughter”	
and	“increased	community	interaction”9).

Thus,	SSE	is	recommended	for	elderly	people	because	it	has	a	positive	effect	on	cognitive	and	physical	functions.	How-
ever,	few	studies	have	examined	SSE’s	exercise	intensity	in	detail.	Safe	and	effective	exercise	should	be	provided	to	promote	
exercise	for	elderly	people	in	the	future.	Physical	function	is	significantly	lower	in	the	late	elderly	people	than	in	the	early	
elderly people10).	Therefore,	exercise	intensity	should	be	determined	to	provide	an	appropriate	exercise	program	for	elderly	
people.

SSE consists of various types of step patterns. For understanding the exercise intensity of SSE, it is important to evaluate 
the exercise intensity of representative SSE step pattern. First purpose was to examine the transient exercise intensity during 
SSE	 in	 community-dwelling	 late	 elderly	 females.	 In	 addition,	 the	SSE	 is	not	 an	 individual	 exercise	program,	but	group	
exercise	program.	Therefore,	it	is	necessary	to	confirm	whether	the	transient	exercise	intensity	of	the	SSE	corresponds	to	the	
exercise intensity of the SSE group program. Second purpose was to examine the exercise intensity during the SSE class in 
community-dwelling late elderly females.

PARTICIPANTS AND METHODS

In this study, the following two measurements were performed to evaluate the transient SSE exercise intensity and the 
exercise intensity during the SSE class.

In Study 1, the participants were 12 community-dwelling, late elderly females (age: 78.7 ± 3.8 years, height: 143.5 ± 
7.6 cm, weight: 47.6 ± 6.1 kg). They participated in an SSE class, one of the K City Elderly Exercise Salon Projects con-
ducted	by	K	City,	Kagoshima	Prefecture.	SSE	classes	have	been	conducted	without	exercise	instructors	once	a	week	for	
about	90	min.	Those	who	have	orthopedic,	respiratory,	and	circulatory	disorders	that	may	affect	SSE	performance,	those	who	
need nursing care, and those who cannot perform the measurement of target step pattern were excluded.

This study was performed with the approval of the National Institute of Fitness and Sports in Kanoya Ethics Review 
Committee	(No.	11-35).	The	study	protocol	adhered	to	the	Helsinki	Declaration	and	the	National	Institute	of	Fitness	and	
Sports	 in	Kanoya	of	Health	Sciences	Research	Ethics	Guidelines	 (Studies	 on	People).	After	 explaining	 the	 study’s	 pur-
pose,	the	researchers	explained	the	voluntary	nature	of	research	cooperation,	the	freedom	of	withdrawal,	and	the	benefits,	
disadvantages, and risks that could arise from participating in this study. Only individuals who provided written consent to 
participate were targeted.

Figure 1	shows	the	protocol.	Participants	performed	the	three	target	step	patterns.	Exhaled	gas,	heart	rate	(HR),	and	rating	
of perceived exertion (RPE) using the Borg Scale during SSE were measured.

Step	1	(step	forward	/	left	/	right),	step	2	(step	diagonally),	and	step	3	(backward	step)	were	the	three	target	step	patterns	
of this measurement (Fig. 2).	Participants	were	instructed	to	be	aware	of	the	points	such	as	“stepping	at	the	correct	posi-
tion”,	“according	to	the	music	rhythm	of	80	bpm”,	and	“swinging	of	the	limbs”.	Each	step	pattern	was	performed	for	160	s,	
referring	to	the	method	by	Kozey	et	al11). Each participant performed the three target step patterns alone, and the order was 
randomly	determined	by	drawing	lots.	Participants	were	required	to	sit	in	a	chair	between	each	step	pattern	until	the	HR	
returned	to	resting	after	a	break.	If	they	committed	an	error	while	performing	the	target	step	pattern,	they	were	prompted	to	
restart the step immediately. The parts where the target step pattern failed was excluded from the analysis.

Participants	were	required	to	put	on	masks	before	starting	the	step	to	measure	the	exhaled	gas.	The	nose	and	mouth	were	
covered	tightly	with	a	mask,	and	care	was	taken	to	prevent	exhalation	and	inhalation	from	leaking.	After	wearing,	a	breath	
gas	analyzer	(COSMED	K4b2)12, 13)	was	connected.	A	HR	sensor	(Polar	A370)	was	attached	to	the	wrist	of	the	non-dominant	
hand.	After	wearing	the	exhaled	gas	analyzer	and	HR	sensor,	participants	sat	on	a	chair,	and	the	exhaled	gas	and	HR	were	
measured continuously from the start to the end of the protocol. RPE was measured immediately after each step pattern.

In Study 2, the participants were 57 community-dwelling late elderly females (age: 81.2 ± 4.3 years) who were divided 
into two groups: those who participated in the SSE class, one of the K City Elderly Exercise Salon Projects conducted in K 
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City,	Kagoshima	Prefecture,	and	those	who	participated	in	the	SSE	class	held	in	K	town,	Miyazaki	Prefecture.	The	exclusion	
criteria and ethical considerations were the same as in Study 1.

The	exercise	intensity	and	HRs	were	measured	during	the	SSE	class.	The	SSE	class	consisted	of	5-min	preparation	or	
warm-up	exercises,	70-min	SSE	(including	a	10-min	break),	10-min	strength	 training	while	sitting	 in	a	chair,	and	5-min	
stretching.	The	SSE	step	patterns	are	as	follows:	forward	and	left	and	right	steps,	diagonal	steps,	and	backward	steps.	In	ad-
dition,	there	was	also	a	dual	task	exercise	that	combined	upper	limb	movement	with	a	step	pattern	(Fig. 3). Among them, the 
step	pattern	that	the	exercise	class	participant	chose	voluntarily	was	performed	for	70	min	with	a	10-min	break.	In	SSE	class,	
5–10 people are lined up on one mat, and the steps are performed consecutively. Before starting the SSE class, participants 
wore	activity	meters	(Active	style	Pro	HJA-750C)14)	and	an	HR	sensor	(Polar	A370).	The	activity	meter	was	attached	to	the	
waist,	such	as	a	trouser	belt	or	rubber	cord.	The	HR	sensor	was	attached	to	the	wrist	of	the	non-dominant	hand.	After	wearing	
the	activity	meter	and	HR	sensor,	they	sat	on	a	chair,	and	the	resting	HR	was	measured.	Then,	during	SSE,	both	activity	and	
HR	were	continuously	measured.	RPE	was	measured	immediately	after	the	end	of	the	70-min	SSE.

In	Study	1	and	Study	2,	metabolic	equivalents	(METs),	HR,	%	HR	reserve	using	the	Karvonen’s	method	(%	HRR),	and	
RPE	were	used	as	indices	of	exercise	intensity.	In	Study	1,	METs	were	calculated	based	on	the	oxygen	uptake	obtained	by	
the	expiratory	gas	analysis;	in	Study	2,	METs	were	calculated	from	the	activity	meter	values.	In	addition,	207	−	(age	×	0.7)	
was	used	to	predict	the	maximum	HR	for	calculating	%HRR	was	207	−	(age	×	0.7)15).

In	Study	1,	the	method	by	Kozey	et	al.11)	was	used.	The	average	METs	were	calculated	for	30	s,	excluding	the	first	120	s	
and	the	last	10	s	out	of	160	s	of	continuous	recording,	of	oxygen	uptake	recorded	by	the	breath	gas	analyzer	during	each	
step	pattern.	The	%	HRR	was	calculated	from	the	HR	recorded	immediately	after	the	end	of	each	target	step	pattern,	and	the	
resting	HR	measured	before	performing	the	step.

Fig. 1.  Protocol of Study 1.
Each participant performed the three target step patterns (the order was randomly 
determined). Each step pattern was performed for 160 s. Participants were required 
to	sit	on	a	chair	between	each	step	pattern	until	the	heart	rate	(HR)	returned	to	rest-
ing	value.	Exhaled	gas,	HR,	and	rate	of	perceived	exertion	(RPE)	using	the	Borg	
Scale during SSE were measured.

Fig. 2.  Target step pattern in Study 1.
Step	1	(step	forward	/	left	/	right),	step	2	(step	diagonally),	and	step	3	(backward	step)	were	used	as	representative	
Square-stepping exercise step pattern. Participants stepped alternately on the right and left feet in numerical order.
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In	Study	2,	it	was	analyzed	only	during	the	70-min	SSE,	except	during	the	preparation	or	warm-up	exercises,	strength	
training	while	sitting	in	a	chair,	stretching,	and	a	10-min	break.	Using	the	METs	recorded	on	the	activity	meter	every	minute,	
the	average	METs	during	SSE	were	calculated.	Using	the	HR	recorded	on	the	HR	monitor,	%HRR	was	calculated	from	the	
average	HR	during	SSE,	and	the	resting	HR	measured	before	starting	the	exercise	class.

IBM SPSS Statistics 21 was used for statistical analyses. One-way analysis of variance was used to compare METs and 
HR	among	the	three	target	step	patterns	in	Study	1,	and	t-test	was	used	to	compare	METs	between	Study	1	and	Study	2.	A	
significance	level	was	set	at	less	than	5%.

RESULTS

The results of Study 1 are shown in Table	1. The mean METs of the three target step patterns were 3.9 ± 0.8, 3.2 ± 0.7, 
and	3.5	±	0.6	in	Steps	1,	2,	and	3,	respectively.	The	HR	after	exercise	was	122.5	±	16.4,	114.8	±	13.9,	and	114.8	±	13.9	bpm	
in	steps	1,	2,	and	3,	respectively.	The	%HRR	e	of	the	three	target	step	patterns	were	60.2	±	24.6%,	51.4	±	16.2%,	and	51.3	±	
15.8% in Steps 1, 2, and 3, respectively. RPE of the three target steps were 11.7 ± 1.2, 11.5 ± 1.9, and 11.0 ± 1.9 in Steps 1, 
2,	and	3,	respectively.	Differences	in	METs,	%HRR,	and	RPE	were	not	significant	among	the	step	patterns.

The results of Study 2 are shown in Table	2.	The	mean	METs,	resting	HR,	average	HR,	%HRR,	and	RPE	during	the	SSE	
program	were	2.1	±	0.2,	79.0	±	9.9	bpm,	91.8	±	10.2	bpm,	19.6	±	10.2%,	and	11.3	±	1.4	in	Steps	1,	2,	and	3,	respectively.	The	
METs	of	Study	2	were	significantly	lower	than	those	of	Study	1	(p<0.01).

DISCUSSION

In this study, two measurements were performed to evaluate the transient SSE exercise intensity and exercise intensity 
during the SSE class.

In Study 1, all METs of the three target step patterns were 3.0 to 4.0. According to reports from the American College of 
Sports	Medicine	(ACSM)	and	Centers	for	Disease	Control,	low-,	moderate-,	and	high-intensity	physical	activities	are	defined	
as	<3.0,	3.0–6.0,	and	>6.0	METs,	respectively16).	Walking	on	flat	ground	(4.8	km/h)	is	3.0	METs17). According to the 2013 
Physical	Activity	Standards	for	Health	Promotion	in	Japan,	adequate	physical	fitness	for	elderly	people	aged	≥65	years	is	
defined	as	performing	physical	activities	of	≥3.0	METs	in	daily	life18).	In	addition,	previous	studies	reported	that	aerobic	
exercise	is	beneficial	for	improving	cognitive	function19),	and	that	the	effect	is	large	in	low-	to	moderate-intensity	exercise20). 
This	study’s	 results	show	that	SSE	 is	equivalent	 to	moderate-intensity	exercise,	and	 that	exercise	 intensity	may	 improve	
cognitive	function	effectively.	Next,	RPE	of	the	three	target	step	patterns	were	11.7	±	1.2,	11.5	±	1.9,	and	11.0	±	1.9	in	Steps	
1,	2,	and	3,	respectively.	In	the	exercise	prescription	for	elderly	people	by	ACSM,	activities	based	on	perceived	exercise	
intensity	are	recommended	to	suit	individual	physical	fitness	requirements17).	The	RPE	in	SSE	was	“fairly	light”	during	each	

Fig. 3.  Examples of dual task step pattern in SSE.
These	show	the	first	4	×	4	square	of	each	step	patterns.	These	patterns	are	dual	task	exercises	that	combined	upper	limb	movement	with	
a step pattern. In these examples, each pattern contains two types of dual tasks.
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step	pattern.	The	average	intensity	of	the	relative	exercise	intensity	by	%HRR	was	high	only	in	Step	1	and	moderate	in	the	
other two step patterns. According to Study 1, SSE is found as a simple exercise in terms of perceived exercise intensity, 
and	a	moderate-intensity	exercise	like	walking	on	level	ground.	Thus,	these	results	suggest	that	SSE	is	an	effective	exercise	
intensity to promote physical activity in elderly people.

The	%HRRs	of	the	three	target	step	patterns	were	60.2	±	24.6%,	51.4	±	16.2%,	and	51.3	±	15.8%	in	Steps	1,	2,	and	3,	
respectively.	According	to	reports	from	ACSM,	low-,	moderate-,	and	high-intensity	physical	activities	are	defined	as	<20%,	
40–59%,	and	60–84%,	respectively.	Moderate-intensity	(%HRR	40–60%)	exercise	has	been	known	as	an	effective	exercise	
intensity	to	improve	the	health	and	physical	fitness	of	adults	in	all	ages,	including	the	elderly	people21). SSE was an exercise 
that	met	this	intensity	criterion.	Conversely,	METs,	HR	after	exercise,	%HRR,	and	RPE	did	not	show	a	significant	difference	
between	each	step	pattern;	however,	some	step	patterns	 included	high-intensity	exercise	with	%HRR	of	>60%.	Maximal	
aerobic	capacity	usually	decreases	with	age22). Excessive exercise intensity can lead to cardiac accidents, such as arrhythmias 
and sudden death23). Since SSE includes high-intensity step patterns, risk management during SSE is required for elderly 
people with weakened physical function.

In	Study	2,	the	average	METs	are	2.1	±	0.2	and	%HRR	was	19.6	±	10.2%.	These	values	were	classified	as	low-intensity	
exercises	based	on	ACSM17).	METs	in	Study	2	were	significantly	lower	than	those	in	Study	1.	In	SSE,	it	is	necessary	to	wait	
when	others	are	stepping.	In	this	study,	the	wait	time	could	not	be	ruled	out,	and	the	average	METs	and	%HRR,	including	
the	time,	were	calculated.	Therefore,	it	is	possible	to	underestimate	the	exercise	intensity	of	Study	2.	However,	many	health	
benefits	from	physical	activity	can	be	achieved	at	even	low-intensity	physical	activity	if	frequency	and	duration	of	exercise	
are increased appropriately22).	Dishman	et	al.	examined	the	effects	of	regular	low	intensity	physical	activity	on	oxidative	
stress	markers	in	older	adults,	and	they	suggested	that	low-intensity	physical	activity	may	be	useful	to	prevent	the	decline	
of antioxidants linked with aging24). In addition, Byun et al. reported that short low-intensity exercise session on a cycle 
ergometer improved executive function25). As SSE consists of low- to moderate-intensity steps exercise, a regular SSE 
program	may	be	effective	to	improve	health	related	factors.

In	Study	1	and	Study	2,	the	SSE	exercise	intensity	was	confirmed,	and	the	SSE	was	confirmed	as	an	exercise	program	that	
focuses	mainly	on	low-	to	moderate-intensity	exercise	and	can	be	expected	to	improve	health	and	physical	fitness.	According	
to	the	WHO,	elderly	people	should	perform	150	min	of	moderate-intensity	aerobic	exercise	per	week,	75	min	of	high-intensity	
aerobic	exercise	per	week,	or	combination	of	moderate-	to	high-intensity	aerobic	exercise4). Increasing moderate-intensity 
aerobic	exercise	to	300	min	a	week	or	converting	150	min	a	week	to	high-intensity	aerobic	exercise	provides	further	health	
benefits4). In one exercise salon or class, SSE implementation time is approximately 60 min; therefore, participating in the 
exercise	salon	promotes	performing	low-	to	moderate-intensity	aerobic	exercise	for	approximately	60	min.

In contrast, the ACSM also recommends that elderly people perform 12–13 moderate-intensity exercise or 14–15 high-

Table 2.  The SSE exercise intensity in an exercise classroom

METs 2.1 ±  0.2
Resting	HR	(bpm) 79.0 ±  9.9
Average	HR	(bpm) 91.8 ± 10.2
%HRR	(%) 19.6 ± 10.2
RPE 11.3 ±   1.4
Values indicate mean ± standard deviation.
METs:	 metabolic	 equivalents;	 HR:	 heart	 rate;	 %HRR:	 %	
heart	rate	reserve;	RPE:	rating	of	perceived	exertion	by	Borg	
Scale.

Table 1.  The transient SSE exercise intensity

Step 1 Step 2 Step 3 p
Height	(cm) 143.5 ±  7.6 ―
Weight	(kg)  47.6 ±  6.1 ―
Body Mass Index  23.1 ±  2.6 ―
Resting	HR	(bpm)  76.9 ± 13.0 ―
HR	after	exercise	(bpm) 122.5 ± 16.4 114.8 ± 13.9 114.8 ± 13.9 0.380
METs 3.9 ±   0.8 3.2 ±   0.7 3.5 ±  0.6 0.097
%HRR	(%) 60.2 ± 24.6 51.4 ± 16.2 51.3 ± 15.8 0.469
RPE 11.7 ±   1.2   11.5 ±   1.9 11.0 ±   1.9 0.683
Values indicate mean ± standard deviation.
HR:	heart	rate;	METs:	metabolic	equivalents;	%HRR:	%	heart	rate	reserve;	RPE:	rating	of	perceived	exertion	
by	Borg	Scale.
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intensity exercise in RPE17, 26).	 In	 addition	 to	 aerobic	 exercise,	 combining	multiple	 types	of	 exercise	programs,	 such	 as	
strength	training	and	flexibility	exercise,	is	recommended.

This	study	has	 implications	for	creating	more	effective	strategies	 to	address	 the	problems	caused	by	an	aging	society.	
However,	there	are	several	limitations.	First,	our	participants	were	females;	therefore,	our	findings	may	not	be	applicable	to	
males.	Second,	our	participants	were	recruited	in	two	rural	area	in	Japan.	Third,	sample	size	in	Study	1	is	small.	Further	stud-
ies	in	other	population	and	large	sample	are	warranted	to	generalize	our	results.	Finally,	the	educational	level	and	cognitive	
function	of	participants	were	not	measured	in	this	study.	These	may	affect	our	results.

In	conclusion,	SSE	was	confirmed	as	 low-	to	moderate-intensity	exercise	program	and	be	expected	to	 improve	health	
and	physical	fitness.	In	other	words,	SSE	may	be	a	program	that	can	be	recommended	actively	for	future	care	and	dementia	
prevention activities.
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